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ABSTRACT

THE LYSINE RESPONSE OF THE TURKEY 

By

CLIFFORD NIXEY, B.Sc.(Agric.), M.Agr.Sc.

After reviewing the literature, it was found that there was a paucity of information on the subject. 

Examination of quantitative models of nutritional responses of a turkey did not clarify the 

situation. Analysing suitable published data by the Reading flock response model (Fisher, 

Jennings and Moms, 1973), which derives the two constants a and b in the equation:- 

Lysine requirement = a x body-weight gain + b  x body-weight

showed some agreement in a values among different experiments, although b values varied 

greatly.
Using the diet dilution technique, fifteen experiments were performed to generate lysine response 

data. These were analysed by the Reading model. Eleven experiments covered a range of ages 

from 4 days to 20 weeks, two experiments were concerned with the genetic potential for gain and 

two experiments examined the influence of the previous plane of nutrition.

For males the mean value (+SEM) for a was 21.4+2.0 g lysine/kg gain. There was no indication of 

the value reducing until at least 120 days of age. The a value for females was similar to that of 

males until 84 days in a fast-growing strain, decreasing thereafter. In a slow-growing strain,^this 

divergence occurred at an earlier age. The b  values averaged 6.0 x 10 for males and 7.0 x 10 for 

females.

It was shown that compensatory growth is possible, but that the extent to which it takes place will 

be dependent on the degree of previous growth depression.

Optimum ratios of lysine:energy (g lysine per MJ ME) decreased with age. It is recommended that 

these are used in conjunction with tables of lysine input and body-weight output produced from 

the experimental data. These tables could also provide the basis of a method of computer 

simulation of turkey nutritional responses.



CHAPTER ONE

Literature Review of 
the Lysine Response of the Turkey



INTRODUCTION

Knowledge of the amino acid needs of turkeys is considerably less than that for 

broilers and laying hens. The longer growth period of turkeys and the consequent 

increased cost of research are largely responsible for the lack of research, particularly 

beyond the first three or four weeks of age. The longer growth period also involves several 

changes of diet which complicates experimental work.

The amino acid requirements for optimal growth will be of prime importance in 

turkeys because of their fast growth rates, high meat yield and low fat content. Lysine is 

likely to be one of the most commonly limiting amino acids in turkey diets based, as they 

usually are, on cereals. It is also a reliable marker amino acid on which to base any 

calculations of the ideal amino acid pattern because its primary use in the body is for 

protein synthesis whereas methionine, for example, is involved in a relationship with cystine 

(Behrends and Waibel, 1980) and, because of an involvement with methyl groups, interacts 

with choline (Quillin, Combs, Creek and Romoser, 1961).

There are currently several attempts to unify data on amino acid requirements of 

poultry in order to make generally applicable statements. By such means, it should be 

possible to avoid further proliferation of empirical experimentation. With the turkey, there 

is the chance to introduce such unifying statements at this relatively early stage. A  

thorough quantitative analysis of existing data together with collection of further data and 

examination of such fundamental models as exist would seem to be logical at this stage.

This examination is the subject of this thesis. The analysis largely concerns lysine 

and the experimental work solely concerns lysine.

1
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LITERATURE REVIEW

It has been forecast that the turkey industry will be a major growth area In the 

livestock industry in the last quarter of the 20th century (Richardson, 1980). A  major 

reason for this is the versatility of the turkey, which can be used to produce small oven- 

ready birds of 2.5kg, catering-sized birds of 25kg oven-ready and all sizes in between. In 

addition the turkey can be used solely as a source of meat for further processed products. 

To  cater for these markets, a number of different types of turkey have been developed with 

different growth characteristics. This is illustrated by the published standards for 20 weeks 

of age body weight for some of the various types of male turkeys available from British 

United Turkeys Ltd (Figure 1).

It will be seen that the largest turkey, Line 78, achieves twice the weight of the 

smallest, the Leacrofter, in 20 weeks. There are also considerable differences between the 

sexes. The extent of these differences changes with age (Table 1).

TA B LE  1 G R O W TH  RATES (g/bird.day) A T  DIFFERENT AG ES 
(BRITISH UN ITED  TUR KEYS. 1981)

A G E BIG 6 BIG 6 %  INCREASE OF
(WEEKS) FEMALE M ALE TH E  M ALE OVER 

TH E  FEMALE

0-4 27.5 30.7 12
4-8 70.0 84.3 20

8-12 96.8 131.4 36
12-16 87.1 145.7 67
16-20 62.1 120.7 94
20-24 35.0 98.6 182

The composition of the weight gained also differs, females starting to deposit fat earlier 

than males (Hurwitz, Frisch, Bar, Eisner, Bengal and Pines, 1983). Within a sex, strains 

also differ in the rate at which they mature and the rate of fat deposition (Moran, 1983). 

To  complicate matters still further, rapid genetic gains in growth rate have been achieved 

in the past and are likely to continue. The extent of the improvement has been illustrated 

by Nixey (1 989a) and is shown in Table 2.
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TA B LE 2 A N  EXAMPLE O F  G EN ETIC  PROGRESS

YEAR BRAND NAM E 18 WEEK BODY W EIG H T (kg)

MALES FEM ALES

1966 TRIPLE 6 9.45 6.75
1969 TRIPLE 6 9.77 6.92
1972 B U T 6 10.27 7.27
1974 B U T 6 10.68 7.56
1977 B U T 6 10.96 7.80
1981 BIG 6 12.67 8.78
1982 BIG 6 12.80 8.84
1984 BIG 6 13.40 9.13
1986 BIG 6 13.96 9.88

It will be seen that in 1986 the large strain females were heavier than the males of 1969.

In 1986 strains had a growth potential approaching 5 0 %  greater than the bird of 20 years

earlier. The older the research, therefore, the less its findings may be applicable to the

modern strains of turkeys.

individual
A  primary question with regard to the^amino acid requirements of animals is "how 

should the requirement be expressed?" Early workers expressed the lysine requirement as 

a percentage of the protein. Kratzer, Davis and Marshall (1956) concluded that the lysine 

requirement was approximately 4 .7 5 %  of the protein for poults from hatching to 4 weeks 

and decreased thereafter to about 4 % . Balloun (1962) however, proposed a value of at 

least 5 % . This method of assessing the lysine requirement has a serious weakness in that 

the quality of the protein as judged by the lysine content will influence the 

recommendation. For example, tw o diets could both be identical in the proportion of lysine 

in the total diet eg. 1 .3 8 % , but the total protein percentage in the diets could differ eg. 

2 9 %  and 2 5 % . In such an example the recommended lysine level expressed as a 

percentage of the protein would be very different according to the diet used ie. 4 .7 5 %  in 

the 2 9 %  protein diet and 5 .5 %  in the 2 5 %  protein diet.

Later workers have expressed lysine requirements as a proportion of the diet. While 

a more general expression of the requirement, it will be influenced by factors which affect 

food intake. Three major factors which affect food intake are the metabolizable energy
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content of the diet (Booth, 1979), the form of the feed, be it mash or pellets (Britzman, 

1976) and the ambient temperature (De Albuquerque, Leighton, Mason and Potter, 1978). 

The latter tw o factors can be specified when the requirements are stated, while to 

overcome the influence of the metabolizable energy content of the diet, the lysine 

requirement can be stated in proportion to metabolizable energy content of the diet. The 

lysine content of a diet should be expressed as grams of lysine per kilogram of diet and the 

metabolizable energy (ME) content as megajoules (M J) per kilogram of diet. The  lysine 

requirement therefore, can be expressed as grams of lysine per M J of ME. In the review 

of work which follows, the conclusions have all been converted where possible to this 

method of expressing the lysine requirement. In the chapter which follows on calculated 

methods of lysine requirements, it is possible to express the requirements in grams of lysine 

per bird day when related to a known growth rate. However, the relevant information is 

not always available when reviewing experiments in the literature.

How  are lysine requirements best assessed? It has been traditional to assess them 

directly by empirical experimentation. It has been shown that turkeys can differ greatly in 

growth rates and growth patterns. Fisher and Emmans (1983) argued the case for 

assessing amino acid requirements indirectly by calculation rather than by empirical 

experimentation to accommodate the widely differing situations and quickly fill the large 

gaps in the present state of knowledge. A ny predictive model must take account of 

potential growth rate, carcass composition, temperature, dietary energy content, form of 

the diet and several other factors. The advantage of such a method is that it has the 

flexibility necessary for a variety of situations and a changing genetic potential, while 

empiricism will require constant and continuing experimental work. However, the 

requirements arrived at by calculation have to be validated by empirical experimentation.

The case for empirical experimentation has not been furthered by the efforts of 

workers to determine the lysine requirements of the turkey. Most of the experiments to 

date are open to criticism which makes the conclusions drawn unreliable. In reviewing the 

current state of the knowledge of the lysine requirements of the turkey, experiments have

4



been categorised under the headings which indicate the main area of concern in the 

experiments.

a. Added Synthetic Lysine

Most investigations have involved the adding of free (commonly known as synthetic) lysine 

incremently to a basal diet deficient in lysine to achieve a range of lysine concentrations 

for the development of a dose-response relationship. The supplementation technique can 

be criticised on two bases. The first is that variation occurs in the amino acid balance of 

successive diets within a supplementary series. The second criticism Is that another amino 

acid may become limiting before the maximum response to the amino acid under test is 

achieved. The limitations of the supplementation technique are Illustrated by work on 8 

to 24 week old turkeys by Potter, Shelton and McCarthy (1981). They used 9 dietary 

treatments comprising 3 protein concentrations with 3 lysine concentrations (0, 1 or 2g 

added lysine/kg) in a complete 3 x 3  factorial design. While there was a response to 

Increasing dietary protein, added lysine had only small effects. For example. Increasing the 

protein by 30 or 60g/kg, which provided additions of 2.2 or 4.4g lysine/kg respectively, at 

8 to 20 weeks of age increased body-weight gain by 18.3 and 2 4 .7 %  respectively, while 

additions of 1 or 2g synthetic lysine/kg produced Increases of only 2.2  and 3 .6 %  

respectively. Thus the almost equivalent additions of 30g protein (2.2g lysine/kg) and 2g 

synthetic lysine/kg produced grossly disparate (18.3 and 3 .6 % ) responses. A  similar 

marked effect was evident In males In the 20 to 24 week period. These results Indicate 

that the response to protein was to an amino acid equally or more limiting than lysine, 

which must have been deficient In the basal diet. This diet was formulated from maize, 

dehulled soya bean meal, meat and bone scraps, animal and vegetable fat, corn distillers 

dried grains with solubles, DL-methionine and normal minerals and vitamins. On the basis 

of the NRC (1977) recommendations however, lysine was calculated to be the most 

deficient amino acid by at least 1 6%  compared with the next limiting amino acid. Without 

the benefit of the protein comparison, it would have been concluded that there was no 

significant response to added lysine and that the requirement was near to the lysine
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provided by the basal diet. Results obtained from work involving the added synthetic lysine 

technique will therefore lack an element of credibility because of the possible effect of a 

second amino acid becoming limiting.

Using the lysine data in the added protein treatments, Potter et al (1981) concluded 

that the lysine requirements from 8 to 12 , 12  to 16 and 16 to 20 weeks of age were 

1.076, 0 .885 and 0 .7 1 7g of lysine per M J of ME respectively. This conclusion is open to 

debate because there was no clear indication that the response to lysine had reached its 

limit in each case. This problem occurs in other work and is covered in a following section.

It should be pointed out that while Potter et al (1981) failed to achieve lysine 

limitation in the basal diet, other workers, using the supplementation technique have found 

a response to added lysine, at least among the increments at the lower end of the range. 

This indicates that lysine was the first limiting amino acid in their diets. Tuttle and Balloun 

(1974) using male turkeys from 0 to 4 weeks, 4 to 8 weeks and 8 to 12 weeks, added 

synthetic lysine to diets of various protein contents to give a range of protein and lysine 

concentrations. The diets were 'supplemented with leucine, cystine, arginine and threonine 

to ensure adequacy of all essential amino acids except lysine*. As added synthetic lysine 

in several treatments accounted for more than 3 0 %  of the total lysine content, and in one 

treatment 5 2 % , it would be extremely surprising if, in such diets, lysine was the first 

limiting amino acid. For this to have been the case, it would have required the other 

ingredients in the diet to have grossly imbalanced amino acid profiles, with lysine 

deficiencies of a similar magnitude to the proportions of added synthetic lysine to total 

lysine used.

Despite clear lysine deficiency, the inadequacies of using this type of factorial 

approach to determine the lysine requirement are illustrated in Figure 2. If points of similar 

total lysine are compared, the higher the contribution of synthetic lysine the lower the 

growth rate. In the comparison the higher the contribution from added synthetic lysine, the 

lower the protein level of the diet, so the most likely explanation is that an amino acid other
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than lysine is limiting in the diets involving higher levels of added synthetic lysine, 

preventing full expression of the total lysine content of the diet.

b. Amino Acid Relationships

An alternative method of achieving different doses of lysine is to formulate a series 

of diets of different lysine contents from feedingstuffs, such that lysine is the first limiting 

amino acid of each diet. The weakness of this method is that each diet will tend to have 

a different amino acid pattern. D'Mello and Lewis (1970a) showed that, in the chick, 

amino acids do not act independently of each other. They demonstrated that at a dietary 

lysine concentration of 1 1 g/kg, the arginine requirement was 8g/kg, whereas at lysine 

concentrations of 1 3 .5 ,1 6 .0  and 18.5g/kg, the arginine requirements were 9 .2 ,1 0 .4  and 

11.5g/kg respectively. They demonstrated a similar interdependence between leucine and 

isoleucine and, between leucine and valine (D'Mello and Lewis, 1970b) and between 

threonine and tryptophan (D'Mello and Lewis, 1970c). D’Mello and Emmans (1975) 

reported the same interdependence between lysine and arginine in turkeys and D'Mello 

(1975) confirmed the leucine-isoleucine and leucine-valine relationships in turkeys. 

Excesses of both lysine and total sulphur amino acids have been reported to depress weight 

gains in the chick (Boorman and Fisher, 1966). Clearly the Interdependence of amino acids 

should not be ignored in experimental design. Where differing lysine concentrations are 

achieved by using different feedingstuffs, the diets will differ in their amino acid patterns. 

The effects of changes In the relationship between amino acids cannot yet be calculated 

and could Influence the apparent responses to lysine.

The effects of amino acid imbalances can be seen in a response surface analysis 

reported by Kummero, Jones and Loadholt (1971) to determine the optimum combination 

of lysine and total sulphur amino acids. One experiment comprised a complete factorial 

design of five lysine and five total sulphur amino acid concentrations and in another a 

similar design comprising four concentrations of each was used. All diets were of equal 

energy content. Sand was included in the basal diet to allow substitution of lysine and DL-
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methionine to produce the different concentrations. The technique however did not take 

into account the balance of other amino acids, with the result that the contours produced 

show growth depressions with increasing lysine concentration when the sulphur amino 

acids remained constant. Other amino acids will also be remaining constant so a possible 

explanation of the growth depression is the lysine and arginine interrelationship, which 

would mean that as lysine levels were increased, the arginine requirement was also 

increased.

Waldroup, Maxey, Luther, Morrow and Johnson (1979) investigated the lysine 

requirements of the turkey at various ages in an extensive series of studies using both 

supplementation of a deficient basal diet and the complete formulation approach. The diets 

used were very dependent on soya bean meal and maize to achieve the lysine differences. 

As the protein in these two ingredients differs markedly in amino acid content (see Table 

3 ) the diets change significantly in amino acid patterns as formulations are changed to 

achieve different lysine contents.

TAB LE 3
AM IN O ACID C O N TE N TS  O F MAIZE A N D  S O Y A  BEAN 
(N A TIO N A L RESEARCH COUNCIL. 19771

MAIZE S O Y A  BEAN (DEHULLED)

g/100g in proportion g/IOOg in proportion
protain to Lyaina 

-  100
protoln to Lytlna 

-  100

Arginine 5.68 208 7.59 116
Glycine 4.20 145 4.72 72
Histidine 2.27 83 2.72 42
Leucine 12.50 458 7.88 120
Isoleucine 4.20 154 5.30 81
Lysine 2.73 100 6.56 100
Met + Cys 3.98 146 2.99 46
Phe + Ty r 10.45 383 8.49 130
Threonine 4.43 162 3.94 60
Tryptophan 1.02 37 1.38 21
Valine 5.91 217 5.61 86

The higher arginine content relative to lysine in maize compared to that of soya could be 

of particular significance in view of the interdependence between these tw o amino acids.
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Methionine and cystine may be next limiting amino acids. Maize has high contents of these 

amino acids relative to lysine whereas the reverse is the situation in soya bean.

The weaknesses of the supplementation technique have been discussed previously. 

They may explain the conclusion of the work by Waldroup et al (1979) that turkeys may 

require no more than 9 0 %  of the lysine requirement suggested by the recommendations 

of the National Research Council (NRC, 1971) which were themselves lower than their later 

recommendations (NRC, 1977).

Because of differences in ingredient price relationships, the ingredients used in 

European nutritional experiments e.g. Geraedts and Kan (1981), D'Mello and Emmans 

(1975), differ considerably from those used in North America e.g. Waldroup et al (1979). 

European diets are based on wheat and barley for the cereal content and fishmeal, meat 

and bone meal, wheat middlings and soya bean meal for much of the protein content. In 

North American diets, the cereal is mostly provided by maize and the protein almost solely 

by soya bean meal. The amino acid patterns will therefore differ between the diets used 

in each continent. The effect of such differences has not been investigated as yet.

c) Problems of Interpretation

The primary objective of an experiment is to draw a conclusion. Th e  validity of the 

conclusion depends upon the quality of the work as judged by method, size etc and also 

on how  the information so obtained is interpreted. The interpretation of some of the work 

on the lysine requirements can be criticised. The criticism is of tw o kinds.

I) Lack of plateau

T o  be sure that the full potential response to lysine in a particular 

circumstance has been reached, the data obtained should give a clear indication of 

a "plateau" or upper limit. This criterion has not been met in several experiments
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where conclusions have been drawn by the authors. Tuttle and Balloun (1974) 

investigated the lysine requirements of male turkeys during the periods 0 to 4, 4 

to 8 and 8 to 12 weeks. The results for 4 to 8 weeks have already been described 

in the context of limitation in an amino acid other than lysine. A t the other two 

ages, the highest level of lysine gave the best weight gain, so the conclusion that 

the highest concentration of lysine used is the requirement for maximum growth 

is not proven. The only safe conclusion is that the requirement is at least as high 

as the highest lysine level used in the experiment.

Similarly Jensen, Manning, Falen and McGinnis (1976) drew conclusions on 

the lysine needs of 12  to 16 week old turkeys from data in which the highest lysine 

concentration used in two experiments produced the highest weight gains. The 

work also highlighted another important facet of interpretation. The absolute lysine 

requirement for maximum growth rate is a rate of supply of lysine, not a proportion 

of the diet. The latter is for the convenience of the nutritionist. In the two 

experiments of Jensen et al (1976), if weight gain is plotted against proportion of 

lysine in the diet (Figure 3), the two experiments seem to show very different 

relationships between weight gain and lysine in the diet. However when converted 

into intake of lysine (Figure 4) the overall relationship between weight gain and 

lysine intake underlying the two experiments becomes evident. Part of the 

remaining variation may be due to the very different protein ingredient sources used 

in the tw o experiments with their different amino acid patterns and perhaps 

availability of lysine. Tw o  separate lines have been fitted to the data. Alternatively 

a single line could describe the data concluding that the three highest lysine intakes 

of Experiment 2 are on the plateau section of the response curve.

D'Mello and Emmans (1975) in their investigation of the effect of the 

specific interaction between lysine and arginine on the requirement for lysine in the 

young turkey also compared weight gains and lysine intakes. They concluded that 

the arginine and lysine requirements for maximum growth of the 3 week old turkey
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were 1.389g/MJ for arginine and 1.230g/MJ for lysine. Their conclusions however 

also suffer from the weakness that these levels were the highest used and the 

response curve was showing no sign of a limit. The justification they offered that 

a limit in response had been reached was that the performance of the highest 

treatment level was the same as that achieved on a standard maize/soya bean diet 

which contained 1.627g arginine and 1.429g lysine/MJ. This does not preclude 

the possibility that the standard diet was limiting in another amino acid.

ii) Method of curve fitting

The theoretical growth response curve in an individual bird to an amino acid 

input would consist of three sections (see Figure 5).

A . An initial section where the amino acid is limiting and any increase in amino 

acid intake is used for maintenance requirements, leaving no excess for a 

growth response.

B. A  section where the amino acid is still limiting and where the increased 

amino acid intake promotes increased growth rate in a linear fashion.

C. A  plateau section where the amino acid needed to satisfy the bird's growth 

rate potential has been supplied and increased amino acid intake does not 

result in increased growth rate.

This theory is utilised in the 'broken line' least squares method (Robbins, 

Norton and Baker, 1979) for determining the requirement of a nutrient from a set 

of response data. The broken line method determines the requirement point (break

point) as the intersection of the sloping line fitted to the growth response or 

incremental section of the curve (B) with the line fined to the plateau section (C).
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In practice the response for the whole flock or population almost invariably 

appears as a line or incremental response leading through a curved or 'diminishing 

returns' zone to a flat plateau. There is a logical explanation for this pattern which 

is illustrated in Figure 6. The  explanation was first put forward by Fisher, Morris 

and Jennings (1973) to describe the response of laying hens to amino acid intake. 

The  explanation is equally applicable to growth rate response. Individuals will vary 

in their maintenance requirement (especially as a result of variation in body weight) 

and in their genetic potential for growth rate. Thu s response curves for individuals 

will show variation in respect of the maintenance section (A ) and the plateau (C ) 

with the consequent movement of the incremental section (B), although not 

necessarily variance of the slope itself. The mean response for the flock is 

therefore curvilinear throughout with maximum curvature at the ends of the 

incremental sequence.

In experiments where the lysine requirement has been determined by the 

broken-line method, there will be a tendency to underestimate the requirement. 

This is illustrated by Figure 7 which has been taken from a paper by Noll and 

Waibel (1982) on the turkey's lysine requirement at different temperatures. It 

shows a quadratic line and a broken line fitted to the 75°F (2 4 ° C ) treatment 

points. If the broken-line method is used to fit the points, as it was by the authors, 

the indicated requirement level occurs at a lower level than that required to reach 

the plateau section indicated by the quadratic line. In addition the indicated 

requirement does not lie on the line indicated by the data points approaching the 

plateau.

Fisher et al (1973) produced a model, now  known as the Reading model, 

to analyse and describe the flock response of laying hens. It has since been 

proposed for use with growing birds by Clark, Gous and Morris, (1 98 2 ) and Fisher 

and Emmans, (1 98 3 ). The  model is described in detail in the following chapter and 

used to analyse available' data •
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d) Previous Plane of Nutrition

It was shown by Auckland, Morris and Jennings (1969) that the previous nutrition 

could influence the utilisation of protein in the subsequent growth period. Poults fed on 

a low  protein diet from 0 to 6 weeks were able to catch up in body weight, when 

subsequently given adequate amounts of protein from 6 to 14 weeks, with poults fed on 

a high protein diet throughout. The  undernourished poults ate more food at any body 

weight when catching up than did controls when they were at the same weight. Food 

conversion into body weight was better in undernourished birds than in the controls, and 

significantly as far as work on lysine requirements is concerned, there was a large increase 

in the efficiency of conversion of dietary protein to body weight in favour of the poults 

which had been undernourished to 6 weeks of age. A n  explanation for this, either in part 

or wholly, is that over the total growing period less protein is required for body 

maintenance as more of the body-weight gain occurs at a later stage with the 

undernourished birds. Sholtyssek (1981) has shown similar changes in efficiency of protein 

utilisation using the compensatory growth principle with turkeys.

In a number of the trials reported on the lysine requirements of the turkey, the 

requirements were determined for tw o  or more consecutive periods without randomised 

remixing of the birds. In such a situation the growth rates and efficiencies of utilisation of 

lysine during the last period under test will be influenced by the treatments previously 

received by the turkeys. A n  extreme example of this is a trial by Geraedts and Kan (1981) 

in which very good growth rates were achieved. Three feeding periods were investigated, 

0 to 6 weeks, 6 to 12 weeks and 12 to 24 weeks with measurements made every 3 

weeks. The  diets were redistributed between pens at the end of each period. However 

the birds within a pen remained together throughout the trial so there will have been carry 

over effects from one period to the next. T o  prevent this, randomised remixing of the birds 

should have taken place at the start of each period. It would have been far preferable if 

all the birds had received the same plane of nutrition prior to the start of the experimental 

period. A t  18 weeks of age, the body weight of birds assigned to the low  lysine
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programme was noticeably below that of those assigned to the high lysine programme. 

From 18 to 24 weeks, the body-weight gain of the birds receiving high lysine slowed down 

as they approached mature size, while the low lysine group exhibited compensatory or 

catch up growth similar to that demonstrated by Auckland et al (1 9 6 9 ). Th u s the low  

lysine group gained 134g/bird d on an intake of 3 .3g  lysine/bird d from 21 to 24 weeks 

while the high lysine group only gained 117g on an intake of 5 .5 g. In such a situation the 

results for a period can be misleading.

e) Factors Affecting Food Intake

Th e  turkey's requirement for lysine is most accurately defined as grams per bird per 

day as this eliminates the effect of food intake. This has not always been done in studies, 

where the requirement was stated as a proportion of the diet and where food intake 

differences may have had a very important influence. The  food intake is obviously very 

influential on the achievement of the requirement. In turn food intake is influenced by 

several factors, the most important of which are the energy content of the diet, the form 

of the diet, be it mash, crumbs or pellets and the environmental temperature that the bird 

is subjected to. The  influence of energy is allowed for by stating the requirement in terms 

of g lysine/MJ of ME.

Pelleting has been shown to give better growth rates and/or better food conversion 

c
in a number of trials. Heidebrjfcht (1973) reviewed research comparing pellets and mash 

for turkeys. Combining 29 comparisons, the average improvement in food conversion due 

to pelleting was 4 .6 2 1 % . The main benefit of pelleting would appear to be through 

promoting a greater food intake than on mash (Ham m, Jaen, Toilet and Stephenson, 1960, 

Jensen, Merrill, Reddy and McGinnis, 1962, and Moran, 1983). Jensen, Ranit, Wagstaff 

and McGinnis (1965) found that, at critical lysine or protein concentrations, pelleting 

accentuated differences in growth due to deficiency. If protein was adequate, pelleting did 

not improve growth rate but food conversion was improved. Th e  form of the food 

therefore must be taken into account when reviewing previous w ork where conclusions are
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drawn as to the lysine requirement when expressed as a proportion of the diet. W ith mash 

feeding the g lysine per kg food requirement should be higher than if pellets are fed, to 

make allowance for the reduced food Intake on mash.

Environmental temperature has been shown to influence grow th and food 

consumption of turkeys (de Albuquerque, et al 1978, Waibel, El Halawani and Behrends, 

1976). Noll and Waibel (1982) investigated the influence of the environmental temperature 

on the lysine requirements of growing turkeys in tw o  experiments. In one experiment 16- 

to 20-week-old turkeys showed average gain and food intakes at 24 °C w hich were only 

81 and 7 9 %  respectively of those achieved by turkeys kept at 7 ° C . In a second 

experiment for 8 - to 12-week-old birds, gains at 21 °C and 2 7° C  were depressed to 91 and 

8 4 %  of those seen at 7 °C  while food intake was depressed to 88  and 8 2 %  respectively. 

For the 16 to 20 week period,gains at 15°C and 2 4° C  were depressed to 94  and 8 2 %  of 

those seen at 7 °C  while food intake was depressed to 92 and 8 4 % . These results indicate 

a similarity between growth depression and food intake depression. Th e  influence of 

temperature is a major cause of weakness in stating the requirement in terms of g 

lysine/MJ ME. The requirement will change according to the environmental temperature, 

with the g lysine required being increased as the temperature increases to counteract the 

reduced food intake resulting from the lowered M E requirement to maintain body 

temperature.

REVIEW  O F  LYSINE REQ UIR EM EN TS A S  A S S E S S E D  BY EM PIRICAL M E TH O D S

In view of the possible areas for criticism, the published research has been reviewed 

and technical comments made on the following four questions:

A . Does the growth response indicate a plateau has been reached?

B. Are the differing lysine levels achieved by the addition of synthetic lysine?

C. Are the amino acids other than lysine in similar proportions in all treatments?
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D. Does the assessed requirement take into account the curvilinear response 

near the plateau?

The indicated lysine requirements from published papers have been converted to 

a grams of lysine per M J of ME base, using the original author's value for M E, and are 

summarised in approximately 4  weekly age groups in Tables 4  to 9. In the tables, the 

questions outlined above are identified by the appropriate code letter. Variations in the M E 

values used for ingredients by different authors constituted a problem which could not be 

overcome because of incomplete descriptions of ingredients.

TA B L E  4 A  REVIEW  O F TH E  RESEARCH O N  T H E  LYSIN E R EQ U IR EM EN TS  O F  TH E  
TU R K E Y  A G E D  A P P R O X IM A TE L Y  0  T O  4  W E E K S  O F  A G E

S E T 1 A G E
RANGE

(d)

SEX* IN D IC A TE D  LYSIN E 
R EQ UIR EM EN T 

(g/MJ)

TE C H N IC A L  
C O M M E N T  CODE*

A  B C  D

1 1-42 B 1.484 Y 4 N4 N N
2 1-21 B 1.349 Y N N N
3 1-21 B 1.392 Y N N N
4 5-17 B 1.317 Y Y Y N
5 1-28 M 1.328 N Y Y -

6 7-2 8 M 1.278 Y Y Y N
7 7-35 M 1.135 N Y Y -

8 7-21 M 1.230 N Y Y N
9 1-42 B 1.438 Y Y Y N

10 1-28 M 1.311 N Y Y -

11 7-21 M 1.136 Y Y Y N
12 7-28 B 1.338 N N Y Y

TA B L E  5 A  REVIEW  O F TH E  RESEARCH O N  T H E  LYSIN E R EQ U IR EM EN TS O F  TH E
TU R K E Y  A G E D  A P P R O X IM A TE LY  4  T O  8  W EEK S O F  A G E

S E T 1 A G E SEX* IN D IC A TE D  LYSIN E TE C H N IC A L
RANGE R EQ UIR EM EN T C O M M E N T  CODE*

(d) (g/M J)
A B C  D

13 4 2-8 4 B 1.130 Y 4 N4 N N
14 28-5 6 M 1.219 Y Y Y N
15 28-5 6 M 1.278 Y Y Y N
16 28-56 M 1.280 Y N Y Y
17 28-5 6 F 1.200 Y N Y Y
18 28-5 6 M 1.280 Y N Y Y
19 28-5 6 F 1.171 Y N Y Y
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TA B L E  6 A  REVIEW  O F TH E  RESEARCH O N  T H E  LYS 
T H E  TU R K E Y  A G E D  A P P R O X IM A TE L Y  8  TC

ilNE R EQ UIR EM EN TS O F 
12 W EEK S O F  A G E

S E T 1 A G E SEX* IN D IC A TE D TE C H N IC A L
R AN G E LYSINE C O M M E N T  CODE*

(d) R EQ UIR EM EN T
(g/M J) A B C  C

20 5 6-84 B 0 .8 6 0 Y 4 Y Y N4
21 56-84 B 1.076 Y Y Y N
22 56-84 M 1.110 N Y Y N
23 5 6-84 M 0.7 6 5 Y Y Y N
24 56-84 M 1.837 Y Y Y N
25 56-84 M 0 .7 3 6 Y Y Y N
26 56-84 M 0.7 2 9 Y Y Y N
27 5 6-84 M 0 .8 2 6 Y Y Y N
28 56-84 M 0 .8 9 8 N N N -

29 56-84 M 0.911 Y N N N
30 56-84 M 1.105 N N N .

31 56-84 M 1.034 Y N Y Y
32 56-84 F 0 .7 7 4 Y N Y Y

TA B L E  7 A  REVIEW  O F  TH E  RESEARCH O N  T H E  LYSIN E R EQ U IR EM EN TS 
O F  T H E  TU R K EY  A G E D  A P P R O X IM A TE L Y  12 T O  16 W E E K S  O F
A G E

S E T 1 A G E SEX* IN D IC A TE D TE C H N IC A L
RANG E LYSINE C O M M E N T CODE*

(d) R EQ UIREM EN T
(g/M J) A B C D

33 84-112 B 0 .6 7 2 Y 4 Y Y N4
34 84-112 M 0 .9 7 8 N Y Y -
35 84-1 1 2 M 0 .885 Y Y Y N
36 84-1 1 2 M 0 .6 4 6 Y Y Y N
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TA B LE  8 A  REVIEW  O F TH E  RESEARCH O N  TH E  LYSIN E R EQ U IR EM EN TS O F 
T H E  TU R K E Y  A G E D  A P P R O X IM A TE L Y  10 T O  2 0  W EEK S  O F  A G E

S E T 1 A G E
R AN G E

(d)

SEX* IN D IC A TED
LYSINE

R EQ UIR EM EN T
(g/M J)

TE C H N IC A L  C O M M E N T 
C O D E '

A B C D

37 112-140 B 0 .6 1 7 Y 4 Y Y N4
38 112-133 M 0 .5 2 6 Y Y Y N
39 112-140 M 0 .6 4 8 N Y Y •

40 112-140 M 0 .5 7 6 Y Y Y N
41 112-140 M 0 .717 Y Y Y N
42 112-140 M 0 .4 7 8 Y Y Y N
43 112-140 M 0 .5 5 0 Y Y Y N
44 112-140 M 0 .499 Y Y Y N
45 112-140 M 0 .485 Y Y Y N
46 112-140 M 0 .533 Y Y Y N
47 112-140 F 0 .4 7 0 Y Y Y N

TA B L E  9 A  REVIEW  O F T H E  RESEARCH O N  T H E  LYSIN E R EQ U IR EM EN TS O F 
T H E  TU R K EY  A G E D  A P P R O X IM A TE L Y  20 T O  24  W EEK S  O F  A G E

S E T 1 A G E SEX* IN D IC A TE D TE C H N IC A L  C O M M E N T
RANG E LYSINE C O D E»

(d) R EQ UIR EM EN T
(g/M J) A B C D

48 140-168 M 0 .4 7 0 Y 4 Y Y N4
49 140-168 M 0.5 6 9 Y Y Y N
50 140-168 F 0 .3 9 2 Y Y Y N
51 140-168 F 0.5 3 3 Y Y Y N

Footnotes on Tables 4 to 9

1 1,13 13: Balloun and Philips (1957); 2, 3: Kummero et al (1971): 4: Warwick and Anderson (1968); 5,
6, 7, 14, 22: Tuttle and Balloun (1974); 8: D'Mello and Emmans (1975); 9: Potter and Shelton (1976);
10, 15, 20, 33, 37, 49, 51: Waldroup sLa! (1979); 11, 36, 38: Hurwitz et al (1983): 12. 16, 17, 18, 
19, 31, 32: Fisher (1984); 21,35, 41: Potter Mel (1981); 23, 24, 25, 26, 27, 42, 43, 44, 45, 46: Noll 
and Waibel (1982); 28, 29, 30: ADAS (1983); 34, 39: Jensen et_sl (1976); 40, 47, 48, 50: Summers 
et al (1966).

2 M: Mala, F: Female, B: Both.

3 A: Does the growth response indicate a plateau has been reached?

B: Are the differing lysine levels achieved by addition of synthetio lysine?

C: Are the amino acids other than lysine in similar proportions in all treatments?

D: Does the assessed requirement take into account the curvilinear response near the plateau?

4 Y -  Yes
N -  No
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When an experiment has investigated tw o or more age periods without the birds 

being re-randomised between periods, only the initial period result has been shown. Other 

periods may have been affected by the compensatory grow th effect described above. 

W hen no interpretation of an individual experiment has been made by the authors, the level 

giving the maximum growth rate has been used in the tables.

M ost w ork has been reported for the 0 to 4  week and the 8 to 12 week ages. It 

will be seen that there is a considerable range in the optimum levels reported. This is 

illustrated in Figure 8 where the indicated lysine requirements have been plotted against 

age. It will be seen that the range of requirements at each age is such that these ranges 

overlap for different ages. Figure 8 does however indicate a steady reduction in lysine 

requirement per unit of dietary energy with age. Linear regression analysis indicates that 

for each week of life to 24 weeks, the lysine requirement decreases by 0 .0 4 4 8 g  per M J 

ME, the equation being:

Rl -  -0 .0 4 4 8  (± 0 .0 0 3 7 ) A  + 1 .3 7 ^ ( r  -  -0 .9 0 8 , n -  34, P c O .0 0 1 )

Rl =  Requirement in g lysine per M J ME 

A  -  Age in weeks

It is unlikely that the true relationship with age will be exactly linear as it will be dependent 

on the relative growth rates of muscle and fat which are not linear (Hurw itz, Frisch, Bar, 

Eisner, Bengal and Pines, 1983), but as indicated above a linear relationship describes the 

data adequately.

M ost work used the addition of synthetic lysine to a deficient basal diet to achieve 

the various lysine levels. The  disadvantages of this method have already been discussed. 

Only Fisher (1984) has taken into account the curvilinear response nearing the plateau 

when assessing the requirement. Th e  other interpretations might be expected therefore to 

underestimate requirements for maximum grow th. The same comment applies when a 

clear plateau in response was not achieved.
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Several countries issue recommendations for the feeding of farm animals in booklets 

published by Government Agricultural Departments or Councils.

TA B L E  10 A  REVIEW  O F  T H E  LYSINE R E C O M M E N D A TIO N S  FOR 
TU R K E Y S  IN V A R IO U S  C O U N TR IES

A ) AP PR O X 0  • 4  W EEKS O F A G E

C O U N TR Y A G E  FED A G E  FED R EC O M M EN D ED
(M A LES ) (FEM ALES) R EQ U IR EM EN T

(g/M J)

U S A 0-4 0 -4 1.452
C A N A D A 0 -4 0 -4 1.405

UK 0-8 0 -8 1.032
FRANCE 0 -4 0 -4 1.435

B) APPR O X 4  -  8  W EEKS O F  A G E

U S A 4-8 4 -8 1.319
C A N A D A 4 -8 4-8 1.117

UK 0 -8 0 -8 1.032
FR ANCE 4-1 0 4 -1 0 1.145

C ) APPR O X 8 -  12 W EEK S O F A G E

U S A 8-12 8-11 1.076
C A N A D A 8-14 8-1 0 0 .8 8 8

UK 8-12 8-12 0 .8 4 6
FRANCE 10-16 10-16 0 .8 6 5

D) APPRO X 1 2 - 1 6  W EEK S O F A G E

U S A 12-16 11-14 0.771
C A N A D A 14-16 10-14 0 .6 9 4

UK 12-18 12-18 0 .7 5 6
FRANCE 10-16 10-16 0 .8 6 5

E) APPR O X 1 6 - 2 0  W EEK S O F A G E

U S A 16-20 14-17 0 .5 9 8
C A N A D A 16-20 14-18 0 .5 8 8

UK 12-18 12-18 0 .7 5 6

FRANCE N O  R E C O M M E N D A TIO N S

F) APPR O X 20 -  24  W EEK S O F  A G E

U S A 20-24 17-20 0.471
C A N A D A 20-22 18-20 0 .4 5 8

UK 18-24 18-20 0 .7 1 5

FRANCE NO R E C O M M E N D A TIO N S

REFERENCES: USA • NRC (1977); CANADA • SUMMERS & LEESON (1976)
UK-ARC (1975); FRANCE - AEC (1978)
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Th e  published recommendations for the turkey's lysine requirements are shown for the four 

countries with the largest turkey populations (Table 10). All were published in the late 

1970's and when updated might be expected to show  alterations. A t  present Table 10 

indicates that there is little agreement between the sets of recommendations. Th e  ultimate 

objective of both research and advisory recommendations is to improve the diets fed 

commercially. In the course of the author's employment, he is given access to turkey diet 

formulations in various countries. A  wide range in the amount of lysine per M J  of M E fed 

at a similar age is seen among countries (personal observations). This is illustrated in Table 

11 .

TA B L E  11 T H E  LYSINE T O  M E R A TIO S  IN P R A C TIC A L  U S E  IN V A R IO U S  P A R TS  
O F TH E  W O R LD

C O U N TR Y U S A ISRAEL ITA L Y G E R M A N Y UK

A G E  FED 

(W EEKS)

0 -4 0-4 0 -4 0 -6 0 -3

g LYSINE 

PER M J

1.453 1.464 1.569 1.417 1.613

A G E  FED 

(W EEKS)

20-2 4 20-24 19-24 18-2 4 18-24

g LYSINE 

PER M J

0.471 0.471 0.5 7 5 0 .6 3 7 0 .6 6 8

It is the author's impression that the differences shown have arisen because of economic 

factors rather than experimental work. In EC countries, the cereal prices are increased by 

imposing tariffs on imported cereals. A s  there is no EC soya production to protect, imports 

of soya are allowed almost at world prices. The  effect is to distort the price relationships 

between energy and protein (and therefore lysine) costs in the EC compared to the world 

market. Table 12 gives comparative ingredient costs.
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TA B LE  12 C O M P A R IS O N  O F  N O R TH  A M E R IC A N  A N D  U K  
IN G R ED IEN T PRICES IN DECEM BER 1982 
(N IX E Y , 1983)

U S A C A N A D A U K

M AIZE 58 79 150
W H E A T 89 71 120
BARLEY 83 50 114
S O Y A  (4 4 % ) 118 151 141
FISH (6 6 % ) 252 277 266

’rices in pounds starling based on 1.63 U.S Dollars and ¿.fid Canadian Dollars to ona pound

A s a result in the U S A  where maize is only half the price of soya, protein units are much 

more expensive relatively than energy, whereas in the U K  the cereals are almost as 

expensive as soya so that energy is relatively the more expensive part of the diet. The  

formulations and lysine to energy levels reflect these economic factors. In the U K  high 

lysine levels and relatively low energy levels are used whereas in the U S A  the opposite is 

the case.

Th e  published research work on the optimum lysine to energy ratios can be used 

to support either case. When this work was started therefore the situation was badly in 

need of clarification so that more rational formulating decisions could be made in differing 

economic situations.
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CHAPTER TWO

Lysine Requirements of 
the Turkey by Calculation



INTRODUCTION

In the previous chapter the lysine requirements of the turkey as determined by 

empirical experimentation were reviewed. A n  alternative means of determining the 

requirements is indirectly by calculation.

Determining the requirements by calculation has a number of advantages. The  

turkey has a long growing cycle with continually changing nutritional needs. It has been 

shown in the previous chapter that existing data on the nutritional needs are incomplete 

and inconsistent. By using suitable theoretical models to calculate requirements at different 

stages of growth, it may be possible to clarify the situation, which can then be verified 

later by experimentation. Good data are available on some of the factors which influence 

the requirements such as growth rate potential, body composition and energy requirements. 

Using these data, allied to sound principles to calculate the lysine requirement, should then 

give a more exact estimate of the turkey's lysine requirements. Th e  calculation should be 

able to estimate the different requirements at different ages under different conditions such 

as temperature, form of the feed, energy level of the feed etc., for turkeys with different 

genetic potentials for growth rate. For the turkey which is capable of a diversity of 

potential growth rates, which are themselves being changed by genetic progress, the latter 

is particularly relevant. The  cost and time involved in trying to determine requirements by 

empirical experimentation for such diverse circumstances would be prohibitive. 

Furthermore, experiments would need repeating regularly as production characteristics were 

changed by genetic progress. A  method of calculating requirements is the only practical 

answer to this problem. T w o  groups of workers have attempted to calculate the lysine 

requirements of the turkey. Fisher and Emmans (1983) have produced a model which will 

be referred to hereafter as the Edinburgh model and Hurw itz, Frisch, Bar, Eisner, Bengal and 

Pines (1983) have produced a model which will be referred to as the Israel model. The  tw o 

groups have tackled the problem in different w ays, using different combinations of 

empirical and analytical data to produce their models of the turkey. For comparison, the

24



models have been split into segments and the alternative methods of solving the problems 

in each segment are discussed.

The protein requirements and individual amino acid requirements for growing birds 

can be defined as the sum of the requirements for maintenance, carcass gain and feather 

gain.

P O TE N TIA L  B O D Y  W E IG H T A N D  B O D Y -W E IG H T G AIN

A  turkey has a genetic potential for growth rate and mature body weight. In the 

Israel model, the body weight curve used is the results of measurements made on 25 male 

B U T Large White turkeys, held at 24° C , so that the calculations relate specifically to that 

type of bird and temperature.

In the Edinburgh model growth is predicted using the Gompertz function (Gompertz,

1825), a well-established growth equation which gives an estimate of body weight at time 

t (W t). It requires the definition of tw o  parameters; A , the body weight at maturity and B, 

the rate of decline in relative growth rate which is a measure of the degree of maturity.

W , -  A  exp (-exp (B (t-t* ))) kg (1)

Where W , *  body weight W  at time t (days after hatching)

A  «■ body weight at maturity (t =  infinity)

exp =* e to the power of (e is the base of natural logarithms)

B -  rate of decline of relative growth rate

t # -  time (days after hatching) at which W,/A -  1/e -  1/2.72 -  0 .3 7  

Grow th rate dW/dt is given by;

dW/dt -  B .W t.log e (A/W,) kg/day (2)

More research is required into the parameter values used in the equations. For 

example body weight at maturity needs to be defined more precisely. In the author's
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experience, while the growth rate slows down markedly in the 28 to 32 week age period 

in males, the birds continue to gain weight slowly even beyond 40  weeks of age. Fisher 

Emmans (1983) suggested the following values for the present.

Typ e Sex A B t*

(kg) (d)

Large M 21.5 0 .0 1 7 9 1 .0

F 12.9 0 .0 2 0 79.3

Medium M 16.0 0 .0 1 8 8 4 .0

F 9.6 0.021 73.2

Equation (1) represents potential growth. In practice actual growth will usually be less than 

this. Ultimately a "catch-up" period of growth will usually occur so that the birds reach the 

same mature body weight. Th e  Edinburgh model does not yet accommodate or describe 

this phenomenon. Ultimately the solution would be to use body protein at maturity.

M A IN TE N A N C E  REQ UIREM EN TS

Fisher and Emmans (1983) estimated, using values taken from adult cockerels, the 

maintenance requirement of the turkey for lysine to be 69 mg per kg body weight per day. 

Hurwitz et al (1983) calculated the maintenance requirements from first principles. 

Classically, the energy requirement for maintenance has been considered to be proportional 

to body surface area. Empirically, surface area has been taken as a function of body 

weight raised to a power of less than unity. For mammals Kleiber (1947) used the power 

of 0 .7 5  but for birds Brody (1945) concluded that a power of 0 .6 6  was a more suitable 

value. This value was used in the Israel model.

Obviously the loss of skin particles must be proportional to the skin surface. Also 

intestinal losses are probably related to the body surface since, in the turkey, intestinal 

length varies with body weight (Hurwitz unpublished) and body surface will be correlated
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with body weight. In the Israel model, these tw o items, skin losses and intestinal losses, 

were regarded as major components in determining the protein needs for maintenance. 

This model uses the following equation for protein required for maintenance (P):

P -  M W 2'*/0.85

where M is the coefficient of protein needed for maintenance and W  is the body weight. 

The  net requirement is divided by 0 .8 5 , the coefficient of protein absorption in the young 

turkey (Hurwitz, Eisner, Dubrov, Sklan, Riesenfeld and Bar, 1979).

For determination of the maintenance requirements of individual amino acids, the 

Israel model assumes that tissue renewal does not involve any significant net loss of 

essential amino acids, except for specific amino acids which are catabolised irreversibly. 

Examples of these are proline, some of which is hydroxylated into hydroxyproline, and 

histidine, some of which is methylated. A  net loss of amino acid is presumed to occur via

1) Th e  intestine, the result of unabsorbed digestive secretions and of epithelial 

breakdown. This w as determined by analysing the amino acid excretion of birds 

consuming a protein-free diet.

2) Continuous loss of skin particles. For the measurement of the loss of protein and 

amino acids in the sloughed off skin particles, it was assumed that In the non

growing adult bird with an unchanged nitrogen concentration in its carcass, 

nitrogen retention must equal zero. W hen feeding an adequate protein diet, a 

positive nitrogen retention value is obtained which must be equivalent to the loss 

of skin integuments to the environment. It was noted by Leveille, Shapiro and 

Fisher (1960) that the amino acid pattern required for maintenance was similar to 

that of feather protein so the same assumption was made in the Israel model.

27



3) Catabolism of equivalent amounts of methionine, glycine and arginine involved in 

the obligatory synthesis of creatine (Narayanan and Appelton, 1980) which is 

subsequently lost in the urine as creatinine. Creatinine excretion was measured 

experimentally.

Using data obtained as above, the coefficient (M ) of protein required for 

maintenance by the turkey was calculated to be 31.9mg/g W 2/3 per day. Using a lysine 

content similar to that of feather protein (24mg/g protein) the equation indicates a lysine 

requirement of 76.6mg/kg W "* per day. The  Edinburgh model used a value for lysine 

requirement directly related to body weight i.e. 69mg/kg W  per day. Th e  tw o  models 

therefore use a similar prediction for lysine requirement in the body weight range 1.3 to 

1.5kg. A s  the body weight increases thereafter the Israel model predicts progressively less 

lysine required by kg W  per day. A t  10kg body weight, the Israel model predicts a lysine 

requirement for maintenance which is almost half the figure used in the Edinburgh model.

T H E  R EQ UIR EM EN T FOR W E IG H T G A IN

The Edinburgh model calculations are based on the assumption that the protein 

content of weight gain will depend on the degree of maturity. Th e  following formula is 

used to calculate the protein content of the gain: 

dP/dW -  dp/dw.up

where dP/dW -  protein gain/body-weight gain 

dp/dw ■  dP/dW at maturity 

u »  degree of maturity =  W,/A 

where W , =  body weight W  at time t and 

A  -  mature body weight 

p -  a constant

A  value of 240g protein/kg is suggested for maturity and 0 .0 6  for the constant p. 

These figures give whole body (including feathers) protein of 170, 215 and 234g/kg at 0
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and about 56 and 140 days. Fisher and Emmans (1983) suggested that each gram of 

protein growth (dP/dt) requires 86mg dietary lysine. Analysis of whole turkey bodies 

(Fisher and Scougall, 1982) has shown that the mixed protein contains 54.9m g lysine per 

g. A n  efficiency of utilisation of 6 4 %  was assumed giving a calculated requirement of 

54.9/64 =  86m g dietary lysine for each gram of protein growth.

The Israel model does not use any term for total biological utilisation but contains 

a term for the efficiency of intestinal absorption, which is a function of the digestibility of 

the protein. The  efficiency of absorption is taken as 8 5 %  (Hurwitz et al. 1979). There is 

therefore no efficiency term for utilisation of absorbed amino acids and if all other 

calculations were similar the Israel model would arrive at a dietary lysine requirement 

considerably lower than the Edinburgh model because it assumes 8 5 %  of dietary lysine is 

utilised for body lysine whereas the Edinburgh model assumes only 6 4 % .

T o  calculate the protein requirement for weight gain in the Israel model, the protein 

content of the turkey at various ages was first measured. To  do this birds were killed at 

various ages and their weight distribution in terms of carcass, viscera and feathers was 

then determined. Protein deposition in the tissues and in the body can then be calculated.

Hurwitz et al (1983) stated that "the result of this calculation did not show any 

consistent changes in protein composition with age nor any consistent differences between 

sexes". From examining the data presented in the paper, this surprising statement does 

not appear to be correct. The stages made in the examination were as follows:
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Stage 1 The body composition in terms of body weight, carcass weight,

viscera weight and feather weight at various ages (Table 13).

T A B L E  1 3 B O D Y  C O M P O S I T I O N  O F  B . U . T  M A L E  T U R K E Y S  

A S  C A L C U L A T E D  F R O M  H U R W I T Z  E T  A L  ( 1 9 8 3 )

AGE ITEM BODY CARCASS VISCERA FEATHERS
(DAYS) WEIGHT

(g)
lg) (0) (gl

8 g/kg b od y 765 210 25
w eight (g) 151 115 32 4

15 g/kg body 754 216 30
w eight (g) 338 255 73 10

23 g/kg body 763 206 31
w eight (g) 628 480 129 19

37 g/kg body 796 161 43
w eight (g) 1499 1194 241 64

51 g/kg body 808 143 49
w eight (g) 2755 2227 394 134

72 g/kg body 823 126 51
w eight (g) 5195 4275 655 265

99 g/kg body 844 105 51
w eight (g) 8052 6797 845 410

133 g/kg body 876 79 45
w eight (g) 12262 10741 969 552

154 g/kg body 858 102 40
w eight (g) 14200 12184 1448 568

168 g/kg body 876 87 37
w eight (g) 15270 13377 1328 565

30



Stage 2 The protein content (g) of the carcass, viscera and feathers at various ages (Table 14)

T A B L E  14 PR OTEIN C O N T E N T  O F  T H E  C A R C A S S , V IS C E R A  A N D  F E A TH E R S  
O F  B .U .T  M A L E  TU R K E Y S  A S  C A L C U L A TE D  FROM  
H U R W ITZ  E T  A L  (1 98 3 ) U S IN G  TA B L E S  2 ,  3  A N D  8

C A A C A 6 6 V IS C E R A F E A T H B t S

A G E

( D A Y S )

W B O H T

<•)
6

m O T B N A f

P R O T B N

(0 )

W B O H T

<0l

6

m O T B N A i

H I O T B N

C «l

W B O H T

to )

0

P f t O T B N / M

P R O T B M

( 9 )

B 1 1 6 1 8 2 2 2 .2 3 2 2 0 8 6 .6 4 8 7 0 3 .3

1 6 2 6 6 1 8 7 4 7 .7 7 3 1 8 6 1 3 .6 1 0 8 7 1 8 .8

2 3 4 8 0 1 8 7 8 8 .6 1 2 8 1 7 8 2 3 .0 1 8 8 7 6 1 7 .0

3 7 1 1 8 4 2 0 7 2 4 7 .0 2 4 1 1 6 6 4 0 .1 6 4 8 7 8 6 6 .7

6 1 2 2 2 7 2 0 0 4 4 6 .2 3 8 4 1 7 8 7 0 .6 1 3 4 8 8 4 1 1 9 .3

7 2 4 2 7 6 2 2 2 8 4 8 .2 6 6 6 1 7 0 1 1 1 .3 2 6 6 8 9 0 2 3 6 .8

B B 6 7 8 7 2 2 8 1 6 4 8 .6 B 4 6 1 7 8 1 6 1 .3 4 1 0 8 9 6 3 6 7 .6

1 3 3 1 0 7 4 1 2 0 2 2 1 6 8 .8 8 6 8 1 7 4 1 6 8 .6 6 6 2 8 9 6 7 9 3 .9

1 6 4 1 2 1 8 4 2 1 0 2 6 6 8 .6 1 4 4 8 1 6 7 2 2 7 .4 6 6 0 8 9 2 6 0 6 .7

1 6 8 1 3 3 7 7 2 0 6 2 7 6 6 .6 1 3 2 8 1 4 4 1 8 1 .3 6 6 6 B B S 6 0 1 .7



Stage 3 The protein content as a proportion of the body weight (Table 15).

TA B L E  15 C A L C U L A TIO N  O F T H E  PROTEIN C O N T E N T  <g/kg> 
O F T H E  B O D Y  O F  B .U .T  M A L E  TU R K E Y S  
A S  C A L C U L A TE D  FRO M  TA B LE S  2 .3  A N D  8 
O F H U R W ITZ  E T  A L  11983)

A G E W E I G H T C A R C A S S V I S C E R A F E A T H E R T O T A L g
( D A Y S ) (g ) P R O T E I N

(g )

P R O T E I N

(g l

P R O T E I N

(g>

P R O T E I N

(G|
P R O T E I N  

P E R  k g  

W E I G H T

8 151 2 2 . 2 6 . 6 3 . 3 3 2 .1 2 1 3
1 5 3 3 8 4 7 . 7 1 3 . 6 8 . 8 7 0 .1 2 0 7
2 3 6 2 8 8 9 . 6 2 3 . 0 1 7 . 0 1 2 9 . 6 2 0 6

3 7 1 4 9 9 2 4 7 . 0 4 0 .1 5 6 . 7 3 4 3 . 8 2 2 9
51 2 7 5 5 4 4 5 . 2 7 0 . 5 1 1 9 . 3 6 3 5 . 0 2 3 0

7 2 5 1 9 5 9 4 9 . 2 1 1 1 . 4 2 3 5 . 8 1 2 9 6 . 3 2 5 0

9 9 8 0 5 1 1 5 4 9 . 5 1 5 1 . 3 3 6 7 . 5 2 0 6 8 . 3 2 5 7

1 3 3 1 2 2 6 2 2 1 6 9 . 8 1 6 8 . 6 4 9 3 . 9 2 8 3 2 . 3 231

1 5 4 1 4 2 0 0 2 5 5 8 . 6 2 2 7 . 4 5 0 6 . 7 3 2 9 2 . 7 2 3 2

1 6 8 1 5 2 7 0 2 7 5 5 . 6 1 9 1 . 3 5 0 1 . 7 3 4 4 8 . 6 2 2 6

Stage 4 -  The  protein content of the body-weight gain (Table 16).

TA B L E  16 C A L C U L A TIO N  O F TH E  
O F T H E  B O D Y  W E IG H T 
A S  C A L C U L A TE D  FROI\ 
O F H U R W ITZ  E T  A L M S

PROTEIN C O N T E N T
G A IN  (g/kg) O F B .U .T  M A LE TU R K E Y S

fl TA B LE S  2 , 3 A N D  8
183)

A G E B O D Y C A R C A S S V I S C E R A F E A T H E R T O T A L g
( O A Y S ) W E I G H T P R O T E I N P R O T E I N P R O T E I N P R O T E I N P R O T E I N

G A I N G A I N G A I N G A I N G A I N P E R  kg

(g) (g) lg) lg) ( G ) W E I G H T
G A I N

8 - 1 5 1 8 7 2 5 . 5 7 . 0 5 . 5 3 8 . 0 2 0 3

1 5 - 2 3 2 9 0 4 1 . 9 9 . 5 8 . 2 5 9 . 6 2 0 6

2 3 - 3 7 8 7 1 1 5 7 . 4 1 7 . 0 3 9 . 6 2 1 4 . 0 2 4 6

3 7 - 5 1 1 2 5 6 1 9 8 . 2 3 0 . 5 6 2 . 7 2 9 1 . 4 2 3 2

5 1 - 7 2 2 4 4 0 5 0 4 . 0 4 0 . 8 1 1 6 . 5 6 6 1 . 3 271

7 2 - 9 9 2 8 5 6 6 0 0 . 0 4 0 .1 1 3 1 . 7 7 7 1 . 8 2 7 0

9 9 - 1 3 3 4 2 1 1 6 2 0 . 6 1 7 . 2 1 2 6 . 3 7 6 4 . 1 181

1 3 3 - 1 5 4 1 9 3 8 3 8 8 . 9 5 9 . 9 1 2 . 8 4 6 0 . 6 2 3 8
1 5 4 - 1 6 8 1 0 7 0 1 9 6 . 9 - 3 6 . 1 - 4 . 9 1 5 5 . 9 1 4 6

In the Israel model, a constant average coefficient of 0 .1 9 7 7  of crude protein in the

weight gain was used. According to Table 16, this coefficient will underestimate the

protein content of the gain between 23 and 99 days and tend to overestimate the protein 

content of the gain after 99 days for male turkeys based on the data from which the

coefficient was derived. Body weight data for females are not given in the paper so the 

correctness of the coefficient for calculating the requirement for females cannot be 

assessed. A s fat is laid down earlier in the female (Table 4  of Hurwitz et al. 1983) the
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protein content of gain is likely to decrease at an earlier age for the female than for the 

male. T o  correct for the changing protein content of the weight gain w ith age, a different 

coefficient is required for each age period. Alternatively the protein contents of the 

components at each age can be used to compute the protein content of the gain. This 

latter method is n o w  being incorporated in the Israel model (Hurw itz, personal 

communication).

Despite the apparent error, subsequent experiments were found to validate the 

Israel model (Hurwitz, Plavnik, Bengal, Talpaz and Bartov 1983). This is probably because 

the method used to vary lysine dose was the addition of synthetic lysine to a lysine 

deficient basal diet. Another amino acid may have become deficient at the higher lysine 

doses giving a spuriously low estimate of lysine requirement, consistent with low  estimates 

of protein growth.

In the Edinburgh model the protein content of the body is calculated by a theoretical 

formula related to the degree of maturity of the turkey. In the Israel model, the protein 

content of the body is calculated from actual analysis at various ages. A  comparison of 

the values given for protein content is shown in Table 17.

TA B L E  17 A  CO M P A R ISO N  O F T H E  T O T A L  PR OTEIN 
C O N T E N T  (g/kg) O F  B O D Y  W E IG H T USED IN 
T H E  ISRAEL A N D  EDINBURGH M O D ELS

A G E
(D A Y S )

ISRAEL M O D EL EDINBURGH M O D EL

37 229.3 2 0 6 .4
51 230.5 2 1 3 .0
72 249.5 220 .9
99 256.8 2 27 .8

133 231 .0 233.1
154 231.9 235.1
168 2 25.8 236.1

Th e  assumption in the Edinburgh model of a gradual increase in whole body protein 

content from day old to maturity would not appear to be correct. It is not clear w h y this 

was assumed since animals deposit more fat as they mature. Th e  proportion of protein in



the mature turkey would therefore be expected to be lower than that of a slightly less 

mature bird which had not deposited as much fat.

T o  predict the crude protein required for growth, the Israel model uses the following 

equations:

1) crude protein required for carcass growth (PRC) ■ CP.aW /0 .8 5

2) crude protein required for feather growth (PRF) ■  FP.aW /0 .8 5

where CP is the protein concentration in carcass gain (including muscle and viscera), FP is 

the protein concentration in the feather gain and aW  is the rate of weight gain. As 

explained before, the net requirement is divided by 0 .8 5 , the coefficient of protein 

absorption in the young turkey (Hurwitz et al. 1979).

C A L C U L A TIO N  O F  A M IN O  A C ID  REQ UIREM EN TS

In the Edinburgh model, the amino acids required for weight gain are presumed to 

be in the same proportions as found in analysis of whole turkey bodies, including feathers 

(Fisher and Scougall 1982). Th e  analysis was only made at 28 and 56 days of age so the 

age effect has not been fully allowed for in the model. Th e  Hurwitz model used the data 

from analysis of soft tissue gain and feather gain. Th e  resulting sets of amino acid profiles 

do not show very much similarity (Table 18) numerically although there is close agreement 

if the amino acids are ranked in order of quantities required.
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TA B LE  18 A  C O M P A R IS O N  O F  TH E  ISRAEL A N D  EDINBURGH
M O D EL A M IN O  A C ID  PROFILES FOR
TU R K E Y  W E IG H T  G A IN
(Am ino A cid  profile based on Lysine »  100)

28  days 56 days

ISRAEL EDINBURGH ISRAEL EDINBURGH

Arginine 98 121 101 117
Histidine 38 44 38 35
Lysine 100 100 100 100
Phe +  T y r 107 130 111 134
Methionine 34 38 34 33
Met +  Cys 54 64 60 63
Threonine 65 72 67 71
Leucine 125 134 128 126
Isoleucine 63 72 66 71
Valine 81 89 85 89

The differences between the ages are relatively small in both sets of data. Perhaps

this should not be too surprising as feather protein represents less than 20 per cent of the 
Hurwitz et al (1983)

total protein at any age^and the amount of feather protein relative to carcass and viscera 

protein will be the main source of variation in amino acid ratios with age.

The amino acid requirement expressed as g/d is calculated from the amount of 

protein in the daily gain and the percentage of the amino acid in the protein gained.

C A L C U L A TIO N  O F  M ETA B O LIZA B LE ENERGY REQ UIR EM EN TS

The protein and amino acid requirements calculated above on the basis of 

mass/time (i.e. g/d) must be converted into proportions of the diet for formulation purposes. 

For this the food intake must be calculated. Since "food” may vary, metabolizable energy 

intake is a more unifying expression and amino acid requirements can be expressed as g 

amino acid per M J ME.

The food intake is determined by a number of factors, which are themselves not 

clearly defined, so the food intake prediction of any model is likely to be complicated and 

also to contain the greatest error.
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In the simplest situation where the turkeys are at thermoneutrality receiving a diet 

which allows minimum fat growth, the intake of which is not limited by bulk, the Edinburgh 

model states that the birds will have a voluntary ME intake (dME/dt,kJ/d) of:

dME/dt -  M .W , + g .u.00,.dW/dt

M, kJ/kg day =  maintenance requirement =  600A°-73/A.

A , kg -  body weight at maturity 

W „ kg -  body weight W  at time t 

g, kJ/g -  growth requirement, 

u -  degree of maturity -  W t/A

dW/dt =  body-weight gain per day at time t

Where the turkeys are not at thermoneutrality, the situation is much more complex 

and the full facilities of the Edinburgh model are required to obtain reasonable predictions.

The  designers of the Edinburgh model admit that in practice it might be just as accurate to

predict food intake on the basis of experience of a given strain on a given farm (Fisher and 

Emmans, 1983) provided food wastage is not included.

In the Israel model, the energy requirements are predicted by the following 

equations:

(1) EC = M .W 2/* + D .aW

(2) M = f (T )

(3) D =  0 .6  + 9 .3  F

where EC is the metabolizable energy intake (kcal/d); W  is the average body weight (g) for 

the period; ¿W  is weight gain (g/d); M is the metabolizable energy requirement for 

maintenance (kcal/g d); D is the metabolizable energy requirement for weight gain (kcal/g); 

T  is the environmental temperature in °C; and F is the lipid fraction in the body weight 

gained per day.
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f values for M were determined experimentally at various temperatures by Hurwitz, 

Weiselberg, Eisner, Bartov, Riesenfield, Sharvit, Niv and Bornstein (1 98 0 ). A s  an example 

at 12°C the requirement was 2.70kcal/g2/3. For the weight gain calculation, observed lipid 

contents of the birds at various ages were determined experimentally and used in equation 

3 above. These values might vary among strains at any age. The  lipid variation in the 

males examined by Hurwitz et al (1983) has been calculated for the various age periods 

(Table 19).

TA B L E  19 T H E  V A R IA TIO N  IN LIPID G AIN  W ITH  A G E  
IN M A LE  TU R K E Y S  
(H U R W ITZ  E T A L  1983)

A G E
(D A Y S )

LIPID (g/kg) O F  B O D Y  W E IG H T G A IN

8-22 12
22-71 22
71-99 76

99-1 3 4 209

T H E  C A L C U L A TE D  R EQ UIREM EN TS

A s argued earlier the optimum method of stating lysine requirements is in terms of 

g lysine per M J ME. The  requirements decrease with age. It is usual to state the 

requirements for 4-week periods. In Table 20 the calculated requirements obtained by the 

Edinburgh model and the Israel model are compared with the range of requirements 

indicated by empirical experimentation shown in Tables 5 to 10.

Fisher and Emmans (1983) stated that the expressions used in the Edinburgh model 

give unrealistic estimates of growth and food intake prior to 4 weeks of age. The 

calculated lysine requirement for the Edinburgh model for 4 to 8 weeks is noticeably smaller 

and outside the range of requirements obtained by empirical experimentation. Thereafter 

the calculated requirements fall within the range indicated experimentally, with a trend 

towards the calculated requirements falling nearer the high limit of the experimental range 

of requirements as the turkeys become older.

37



TA B LE  20 T H E  LYSIN E REQ UIR EM EN TS O F LAR G E M ALE
TU R K E Y S
(g LYSINE/M J M E)

A G E
(W EEKS) C A L C U L A TE D  REQ UIREM EN TS

R A N G E IN 
R EQ U IR EM EN TS 
IN D IC A TE D  BY 

EM PIRICAL 
EX P E R IM E N TA TIO N  

(SEE TA B L E S  5 - 1 0 )

1
EDINBURGH

M O D EL

2
ISRAEL . 
M O D EL

0 -4 N A 1.210 1.135 -  1 .328
4 -8 0 .9 9 0 0.9 2 5 1.219 -  1 .264

8-12 0.8 8 7 0 .6 4 6 0 .7 2 9  -  1 .105
12-16 0 .7 7 5 0 .485 0 .6 4 6  -  0 .9 7 8
16-20 0 .6 6 0 0 .363 0 .4 7 8 -0 .7 1 7
20-24 0.5 5 2 N A 0 .4 7 0  -  0 .5 6 9

N A  - not available (see text)

With the exception of the 0 -4  week calculated requirements, the Israel model 

suggests requirements that are noticeably lower than those within the range indicated by 

empirical experimentation. The  Israel model does not show calculated values beyond 21 

weeks. A s  noted, the Israel model used a method for predicting the lysine required for 

maintenance which predicts progressively less lysine than the Edinburgh model for this 

purpose as body weight increases. In addition the Israel model assumes 8 5 %  of dietary 

lysine is utilised for body lysine whereas the Edinburgh model presumes only 6 4 %  

utilisation.

On the available empirical experimental evidence, it would appear that the 

Edinburgh model arrives at a better prediction of the lysine requirements at the older ages 

than does the Israel model. Th e  fact that the Israel model has been validated by empirical 

experiments (Hurwitz et al 1983) can be explained by the method of validation. The  

method of varying the lysine dose was by the addition of synthetic lysine doses probably 

giving a spuriously low  estimate of lysine requirement.
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A N  A L TE R N A TIV E  M E TH O D  O F  C A L C U L A TIN G  LYSINE R EQ UIR EM EN T

A n  alternative method to the complete model approach of assessing the 

requirement for lysine or any amino acid is to analyse the acceptable published data to 

produce a predictive equation for input of amino acid and subsequent weight gain.

A  suitable flock response model, known as the Reading model, was developed 

originally for description of output responses in laying hens (Fisher et al. 1973, Curnow , 

1973) but has since been considered plausible for the growing bird (Clark, Gous and Morris 

1982, Fisher and Emmans 1983). The  Reading model will produce a best fit line to the 

data available, taking into account the curvilinear effect seen near the plateau, already 

described on page 10. The  mean lysine requirement for a defined weight gain can then be 

calculated. In a situation where the most economic weight gain is less than the maximum 

growth rate the flock is genetically capable of producing, the optimum economic lysine 

intake level can be calculated from the cost of a unit of lysine and the value of the 

expected weight gain resulting from that lysine input.

The  Reading model calculates the optimum dose of amino acid using the following 

equation:-

AAl(oPT) =aiM>+byv+x^aiW2̂ h2aw2+2ah-r.aiW.aw

where AA1 (oPT) -  amino acid dose which equates marginal costs and marginal 

income

aW  -  body-weight gain 

W  -  mean body weight 

a  »  amino acid (g) per kg aW  

£  =  amino acid (g) to maintain kg W
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x =  the deviation from the mean of a standard normal distribution which 

is exceeded with probability in one tail; a being defined as 

above, k being the ratio of cost per g amino acid/value per kg W

a  = standard deviation of aW  and W

r =  correlation between aW  and W

The use of the Reading model to describe published data results for lysine intake 

and weight gain at one age range presumes that common a and £  values can be used to 

describe turkeys of different sex and strain, kept under different conditions. Th e  fact that 

the maximum weight gains achieved and mean body weights will vary between 

experiments is accommodated by the fact that the model is seen as describing the data in 

the form of a common slope 1 /a at limiting intakes of lysine, with a series of intercepts 

related to a common value of £  and a series of parallel asymptotes related to the maximum 

weight gains achieved in the experiments (see Figure 6 on page 1 2 ).

The  Reading model can be used to analyse previously published work on the lysine 

requirements of the turkey, provided there are sufficient data in the paper to supply the 

parameters required by the model. An  analysis of suitable data has been carried out and 

is reported in this section.

The Reading model is most accurate if the weight gain is described in terms of 

protein gain. None of the experiments reviewed provided this information. Since the 

proportion of protein in the weight gain decreases conversely as the fat content increases, 

it might be expected that the value for a would change with age when calculated for body 

weight alone.

Th e  parameters of the model used in this analysis were as follows:
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Mean body weight of flock (W )

W=
J V b + -(V K l + ̂ )  2_________

2

Where W , is starting weight, W1 is final weight of birds achieving highest weight 

gain and W 2  is final weight of birds achieving lowest weight gain.

Correlation between W  and aW  (r) =* 0 .8  

Variance in body weight I ^ W )  »  0 .1 W  

Variance in gain (o2aW) -  0.1 aW

The above are based on values from a paper by Boorman and Burgess (1 98 6 ), w ho 

derived them from data from experiments with poultry. aW  is the mean of all growth rates 

for each separate data set. The original Reading model was designed for predicting egg 

output (Fisher s i l l ,  1973) and used a variance figure based on the maximum egg output. 

However in growth trials, the differences seen in one response experiment between 

deficient and adequate treatments are often of a much larger magnitude than seen in egg 

output experiments, with the maximum growth rate sometimes being as much as four 

times greater than the lowest. In such a situation, to have based the variance on a 

proportion of the maximum growth rate would therefore imply a variance four times greater 

for the slowest growth rate. In the author's experience, in a flock achieving good growth 

rates the variance could be expected to be less than 1 0 %  of the mean growth rate whereas 

in a flock achieving poor growth rates, the variance may exceed 1 0 %  of the mean growth 

rate. It was felt therefore that the estimate of variance in gain would have more validity 

if it was based on the mean of all growth rates in each separate data set. T o  test the 

influence of using different methods of estimating (7aW , both methods of estimating the 

variance were applied to the suitable data. Using the lower value based on the mean of 

all growth rates as opposed to the maximum grow th rate had the effect of lowering the 

estimated maximum gain by less than 0 .1 % , increasing the a value by 1 .7 %  and
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decreasing the & value by 1 6 % . The  apparent large change in the b  value from which the 

maintenance requirement is calculated, is of little significance for the young turkey where 

maintenance requirement for lysine represents less than 5 %  of the total lysine required. 

However it is of more significance for the large turkey where, for example, the maintenance 

requirement for lysine of a 10kg turkey may represent 2 0 %  of its total requirement. A s 

was explained earlier, a variance expressed as a proportion of the maximum growth rate 

will imply a very much greater variance for the slower growth rates. In view of this the 

variance in gain estimate based on the mean of all growth rates would appear to be more 

accurate than a value based on the maximum gain and has been used in the following 

analysis.

Data sources. Data have been analysed from reports which showed suitable 

response to lysine. A  suitable response was defined as comprising the essentially linear 

phase at limiting intakes of lysine and the plateau or asymptote at maximum response. 

These criteria excluded experiments in which four or less concentrations of lysine had been 

used and which therefore failed to define one or other of the tw o phases adequately. 

Several of the published papers on lysine failed to include either sufficient information to 

allow calculation of food consumption, and hence lysine consumption, for the period or 

initial starting weight (W a) necessary to calculate W . It has been possible to obtain these 

data for some experiments by personal correspondence.

The lysine intakes used were calculated from the concentrations stated by the 

authors. It has not been possible to recalculate the contents on the basis of a standard 

ingredient data base because of insufficient description of some of the ingredients used. 

The  lysine values are total lysine values and no attempt has been made to correct for 

digestibility or availability.

Data sets. The  data sets deemed suitable and their analysis by the Reading model 

are summarised in Table 21. It will be seen that less than half of the papers reviewed in
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Chapter 1 (Tables 4 to 9) have proved suitable for analysis. Th e  twenty-three suitable data 

sets have been contributed by only five of the fourteen papers reviewed in Chapter 1.

TA B LE  21 READING M O D EL A N A L Y S IS  O F S U ITA B LE  D A T A  S E TS  
T O  PR ED ICT T H E  LYSIN E REPONSE O F  TU R K E Y S

S E T 1 A G E
R AN G E

(d)

SEX* w* A W

(g/bird.d)
fl4 Jb4

(x10*)

1 1-28 M 301 23.21 2 5.2 6 2 2 .6
2 7-21 M 286 2 9.56 19.38 2 3 .0
3 1-42 B 555 2 5.5 6 2 3.5 5 83.5
4 7-2 8 B 273 2 0.1 4 18.99 4.8
5 28-56 M 1388 61.13 2 1.0 2 3 2 .0
6 28-5 6 M 1213 76.6 4 19.25 8.5
7 28-5 6 M 1592 8 7.0 0 19.47 11.1
8 28-5 6 F 1004 60.65 18.99 14.5
9 28-5 6 F 1261 6 7 .1 7 18.76 8.6
10 4 2 -8 4 B 1998 55.7 0 24.5 3 2 4 .2
11 56-84 M 2470 94.19 15.32 4 5 .8
12 56-8 4 M 3635 102.04 21.81 5.4
13* 56-84 M 3805 107.07 21.69 10.9
14* 5 6-84 M 3715 103.07 2 0.97 7.4
157 56-84 M 4313 117.86 2 3.56 7.3
16* 56-84 M 4120 107.61 2 1.37 4 3 .8
17* 56-84 M 4028 98.0 2 23.42 14.7
18 5 6-84 F 2859 75.29 19.21 18.7
1910 112-140 M 9948 128.57 2 2.88 10.0
2 0 " 112-140 M 9655 107.68 2 4.77 8.3
2 1 12 112-140 M 10888 153.00 2 2.93 10.2
22n 112-140 M 10800 143.64 21.19 12.1
2 3 14 112-140 M 10548 128.11 2 3.02 12.1

1
1,5,11: Tutti» and Balloun (1974); 2; D'Mello and Emmans (1975); 
3,10: Balloun and Philips (1957); 4,6,7,8,9,12,18: Fisher (1984); 
13,14,15,16,17,19,20,21,22,23: Noll and Waibel (1982).

2
M: Mala, F: Femala, B: Both sexes

3
From initial weight and maximum and minimum final weights as described in text (a’W taken as 0.1W).

4
2 ■ amino acid (g) per kgiW J> «  amino acid (g) to maintain kg W 

Generated from the fitted response in each case.

5 6.1 ®C Treatment
6 23.3®C •
7 7.4#C m

8 20.1 »C m

9 26.4®C n

10 8.0#C m

11 23.7®C *
12 7.2®C m

13 15.5®C m

14 24.3®C m
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The flock response model was originally developed for use in conjunction with the 

dietary dilution procedure (Fisher and Morris, 1970) for producing a response. This 

procedure was used to produce only seven data sets (sets 4 ,6 ,7 ,8 ,9 ,1 2  and 18). The 

other responses were obtained with the traditional procedure, in which different lysine 

inputs are produced by additions of lysine to a basal diet limiting in lysine. On the limited 

data available, there is no indication that the tw o procedures produced different response 

curves, resulting in different estimates of a and £.

There are insufficient data sources at each age period to attempt to draw any 

conclusions on the effect of age. Most of the data refer to males, with only three data sets 

referring specifically to females so no view on the sex effect is possible, although results 

from females do indicate lower a values. It is encouraging that there is some agreement 

in the values for a  although the values for b  vary greatly between experiments.

The  Reading model can also be used to predict from the data of an experiment, the 

least quantity of lysine per bird day required to produce the maximum growth rate attained 

by that strain and sex for that age period in that situation. A s  the M E content of the diets 

is known, the ratio of lysine to ME (g/MJ) required in the diet to provide that quantity of 

lysine can then be assessed. Applying this technique to the suitable experiments in the 

literature, the assessed requirement is often noticeably different from that found by the 

authors of the experiments. (Table 22). This difference is particularly evident at the older 

ages. This is usually a consequence of the author using the "broken line" method of 

determining the requirement point. A s already discussed, this will underestimate the 

requirement as it fails to take into account the curve or "diminishing returns’  zone near the 

plateau.
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TABLE 22 A COMPARISON OF ALTERNATIVE METHODS OF ASSESSING THE 
LYSINE REQUIREMENT USING IDENTICAL EXPERIMENTAL DATA

SET1 2 AGE
RANGE
(d)

SEX* LYSINE
REQUIREMENT
AUTHOR'S
ASSESSMENT

(g LYSINE/MJ ME) 
READING MODEL 
ANALYSIS

1 1-28 M 1.328 1.227

2 7-21 M 1.230 1.278

3 1-42 B 1.484 1.398

4 7-28 B NA3 1.333

MEAN 1.347 1.301

5 28-56 M 1.219 1.281

6 28-58 M NA3 1.280

7 28-56 M NA3 1.280

8 28-56 F NA3 1.171

9 28-56 F NA3 1.200

MEAN 1.219 1.281

10 42-84 B 1.130 1.103

11 56-84 M 1.110 1.088

12 56-84 M NA3 1.034

13 56-84 M 0.765 0.911

14 56-84 M 0.837 0.950

15 56-84 M 0.736 1.006

16 56-84 M 0.729 0.956

17 56-84 M 0.826 0.897

18 56-84 F NA3 0.774

MEAN 0.876 0.987

19 112-140 M 0.478 0.562

20 112-140 M 0.550 0.648

21 112-140 M 0.499 0.617

22 112-140 M 0.485 0.605

23 112-140 M 0.533 0.657

MEAN 0.509 0.618

1 -  1, 5. 11: Tuttle and Balloun (1974); 2: D'Mello and Emmans (1 97 5 );
3 , 10: Balloun and Philips (1 95 7 ); 4, 6, 7, 8, 9, 12, 18: Fisher (1 98 4 );
13, 14, 15, 16, 17, 19, 20, 21, 22, 23: Noll and Waibel (1982)

2 -  M : Male, F: Female B: Both sexes.

3 -  N A : Assessment not available as obtained by personal correspondence before 
publication of research work.

45



A COMPARISON OF THE PREDICTIONS OF THE THREE MODELS

A s has been explained the three models, the Edinburgh, the Israel and the Reading, 

have different methods of arriving at estimates for the lysine requirements for maintenance 

and weight gain. The  Edinburgh model, the authors state, is not suitable at ages younger 

than 4 weeks so a comparison has been made of the three models' predictions for three 

age periods, i.e. 2 8 -5 6  days, 5 6-84  days and 112-140 days. A  turkey with the same 

growth pattern as described in the Israel model (see table 13) was used for the comparison. 

The  model predictions are shown in Table 23.

TA B L E  23 A  C O M P AR ISO N  O F T H E  EDINBURGH. ISRAEL A N D  
READING M O D ELS ' PR EDICTION S 
FOR LYSINE REQ UIREM EN TS

LYSINE R EQ UIR EM EN T (g/bird)

1 2 8 -5 6  D A Y S

ROLE O F LYSINE EDINBURGH ISRAEL R EADING

M A IN TE N A N C E 4.23 3.13 1.05
W E IG H T G AIN 47.1 4 43.6 2 4 9 .7 2

T O T A L 51.37 49.4 5 50.4 7

2 5 6-8 4  D A Y S

M A IN TE N A N C E 10.29 5.01 2.81
W E IG H T GAIN 63.84 59.15 6 7.06

T O T A L 74.13 64.1 6 69.87

3 112-140 D A Y S

M A IN TE N A N C E 22.4 8 7.4 4 3.42
W E IG H T G A IN 70.24 62.33 7 6 .7 8

T O T A L 92.72 6 9.77 8 0.2 0

There was a wide disparity in initial body weights and subsequent weight gains 

resulting from the genetic progress achieved over the period covered by the experiments 

reviewed in Table 21. Th e  validity of a composite Reading model run with such data is 

suspect. Therefore, the Reading model predictions are based on a and & values which were 

the arithmetical means of the relevant age data for males reported in Table 21. The  values 

were
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A G E  R AN G E a b (X 1 0 3)

2 8 - 5 6 19.91 17.2

5 6 - 8 4 2 1.1 6 19.3

112 -1 4 0 22.9 6 10.5

Earlier in this chapter, criticisms and areas of difference were identified in both the 

Edinburgh and Israel models. For example the Israel model assumes that 8 5 %  of dietary 

lysine is utilised whereas the Edinburgh model is based on 6 4 % . Th e  assumption in the 

Edinburgh model of a gradual increase in whole body protein content from day old to 

maturity would not appear to be correct and will overestimate the protein requirements at 

the older ages. Taking such alterations into the calculations would have the effect of 

increasing the Israel model predictions and decreasing the Edinburgh model predictions. 

This would result in both predictions moving nearer to the prediction obtained by applying 

the Reading model predictions to existing suitable experimental data, which were 

intermediate between the predictions of the tw o other models. A t  the youngest age, 2 8 -5 6  

days there is good agreement between the three models in total requirement although the 

components of the totals may differ considerably. A t  all three ages the maintenance 

prediction from the Reading model was the lowest of the three and its weight gain 

prediction the highest. The  Reading model predictions are based on very inadequate data 

which themselves show considerable variation in the fe value, from which the maintenance 

requirement is calculated. The  initial comparisons are therefore encouraging, indicating that 

if the experimental information is strengthened for various ages for both sexes and a 

comparison is made of different genetic potential growth rates, predictions from the 

Reading model can be used to assess turkey's lysine requirements in different situations 

relating to age and strain and different growth patterns.

A  series of experiments was therefore conducted to provide lysine input data and 

resulting body weight output at various ages for both sexes and also comparisons involving 

birds with different growth potentials. These experiments are reported in the next chapter.
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CHAPTER THREE

Experimental Section



EXPERIMENTAL TECHNIQUE

Th e  experiments in this section were designed to provide lysine input and resulting 

body weight output data which could be analysed by the Reading model to provide 

predictions of the lysine response of turkeys.

Th e  review of the literature showed that the available information is deficient in 

most areas. In an attempt to remedy the situation, tw o  sets of experiments were carried 

out. The  first set (experiments 1-11) investigated the influence of the age of the turkey 

between 0 and 20 weeks and differences between the sexes during this period on the 

lysine requirement. Th e  second set of experiments (experiments 12 to 15) looked at the 

other tw o  main influences on the lysine requirements, the bird's genetic potential for 

growth and its previous plane of nutrition and hence growth.

From the analysis of these results, it was hoped to be able to predict the lysine 

response in the situations met in normal commercial practice, where the turkeys may differ 

in respect of their sex, age, genetic potential for growth and previous plane of nutrition.

Materials and Methods

1) Housing

Experiments 1 and 2 were concerned with the brooding stage. Th e y  were 

conducted at the University of Nottingham, School of Agriculture, Sutton Bonington, 

Loughborough, Leicestershire. Th e  turkey poults were housed in metal metabolism cages 

at 1 day of age in a windowless room with facilities for lighting, heating and ventilation.

Experiments 3 to 15 were carried out in an experimental house owned by British 

United Turkeys Ltd at Kinnerton Turkey Farm, Kinnerton, C lw yd. The  house, windowless 

with a concrete floor, consisted of four experimental rooms with an ante-room used to
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store the experimental diets. Each room contained 24 pens, each of 0 .8 4  m 3 (96 pens in 

total). The  pens were constructed of galvanised weld-mesh steel standing 0.91 m high 

with a weld-mesh lid which could be opened to give access to the turkeys. Around the 

base of the sides of each pen, there was a 15 cm galvanised sheet which enclosed the 

wood shavings used as litter.

In experiments 3 and 4, which involved 4 to 7 week old turkeys, a hanging tubular 

plastic feeder was placed in each pen. In subsequent experiments which involved older 

birds, the feed was placed in plastic trough on the outside of the front of each pen, birds 

having access to the feed through holes cut in the weld-mesh front. Th e  feeding troughs 

could be removed easily for weighing. Adjoining pens shared a water trough which was 

also placed outside the pen.

Rooms 1 and 4  had different dimensions to those of rooms 2 and 3. This 

necessitated different pen layouts within the tw o types of room. A s the temperature and 

conditions in pens situated on outside walls could be expected to be different from those 

in the middle of the room, the pens of a room were divided into three blocks when 

allocating experimental treatments, to try to accommodate each of the biases.

The house was naturally ventilated with air entering via the ante-room and exiting 

through air ducts in the centre of each room. The  amount of air entering each room was 

adjusted by varying the extent to which the sliding door, which gave access to each room, 

was opened. Probably because of the low stocking rates within a room, the atmosphere 

and litter conditions within each room during the experiments were good both in winter and 

in summer.

In experiments 3 to 15, a 14 hour light period was used, light being provided from 

fluorescent tubes. In experiments 1 and 2, 23 hours light provided by 6 0 w  tungsten bulbs 

was given.
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Th e  water troughs were replenished by hand each day and periodically emptied and 

cleaned out. Th e  experimental diets were weighed out by hand into plastic buckets before 

being tipped into the feed trough. In experiments 3 and 4, any food spilled was lost in the 

litter within the pen, but in subsequent experiments where the feed trough was outside the 

pen any food spilled was easily seen on the concrete floor. If there was a noticeable 

amount, it was collected and returned to the trough.

2) Experimental Diets

The disadvantages of using the graded supplementation technique to assess the 

response to lysine were discussed in Chapter 1.

The  Reading model was designed to analyse data resulting from experiments which 

used the diet dilution technique developed by Fisher and Morris (1 97 0 ). This technique 

makes the amino acid of interest limiting in the protein mix and then achieves different 

concentrations of the amino acid by dilution. In the experiments reported in this thesis, a 

modified version of the diet dilution technique was used. Th e  classical dilution procedure 

involves using a protein-free basal or dilution mixture, which is used to dilute a 'summ it' 

(high protein) mixture in various combinations. The  formulation of this dilution mixture 

entails using unusual ingredients such as maize starch, pure cellulose and oat hulls, which 

are not normally fed to turkeys and the effect of which is largely unknown. A s the 

turkey is especially susceptible to dietary disorders which result in diarrhoea, it was decided 

to use a basal mixture formulated from ingredients low  in protein content, which are 

commonly used in commercial turkey diets.

The  turkey's lysine requirements for maximum growth rate expressed as grams per 

kilogram of diet decreases markedly with age. Th u s a diet deficient at one age may not be 

deficient at another. This is important because it is essential to produce a satisfactory 

response curve ("slope'' and "plateau") at each age. Therefore one set of diets could not 

be used for all ages. The  older birds demanded a lower range of lysine concentrations,
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while for the youngest birds (4  to 22 days), it was eventually found necessary to design 

a third series of diets, higher in lysine to clarify the response curve at the higher lysine 

intakes.

The compositions of the various summit and basal mixtures and their calculated 

analyses are shown in Appendix Tables 1, 2, 3, 4, 5, 6, 7 and 8. Th e  vitamin and mineral 

mixture which was common to all mixtures is shown in Appendix Table 9.

In deciding on the required amino acid levels of the mixtures, a theoretical ideal 

amino acid pattern was first estimated. T o  do this, the requirements for each amino acid 

as indicated by National Research Council of the U .S .A . (N .R .C ., 1977), the Canadian 

Department of Agriculture (Summers and Leeson, 1976), the Agricultural Research Council 

of the U .K . (A .R .C ., 1975) and Nottingham University (unpublished) were averaged. These 

requirement arrays are shown in Appendix Table 10. For each array, requirements for 

amino acids other than lysine were expressed as a percentage of the lysine requirement to 

derive an amino acid pattern in which lysine was designated 100. Th e  arrays were then 

averaged for each amino acid to produce the "ideal" amino acid pattern.

The  experimental diets containing a range of lysine levels were obtained by first 

formulating a mixture (the summit mixture) of high lysine concentration and a mixture of 

low lysine concentration (the basal mixture). The range of lysine concentrations was then 

obtained by different combinations of summit and basal mixtures. The  lysine concentration 

of the summit mixture was set to be a level which should on available evidence be in 

excess of requirements and so on the "plateau" part of the response curve. Th e  lysine 

concentration of the basal mixture was set to be sufficiently below the turkey's 

requirements to enable the response of more than half the range of lysine concentration to 

fall on the "slope" part of the response curve. Both the summit and basal mixtures could 

be used as diets in a range as well as for producing intermediate lysine concentrations by 

mixing.
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T o  ensure that lysine was the limiting amino acid in the ingredient mixture used and 

that the response was therefore to lysine, having first decided upon the lysine 

concentrations of the summit and basal mixtures, the minimum levels of the other essential 

amino acids were derived by calculating the "ideal” amino acid pattern for that mixture with 

the lysine concentration being designated 100. The  minimum levels of the other essential 

amino acids were then set by multiplying the concentrations indicated from their respective 

concentrations in the "ideal" amino acid pattern by 1.3. This should have ensured that 

lysine was the most deficient (first limiting) amino acid in all diets and that the pattern of 

the other amino acids was similar in all diets of a particular range. However an excess of 

some amino acids over the recognised pattern was unavoidable. The  summit and basal 

mixtures both contained much more protein than would be normal for their lysine 

concentrations. The  excess of some amino acids over that required was kept to a minimum 

by arriving at the lowest protein content in the mixtures which would supply the minimum 

levels of the other essential amino acids required.

A n additional diet was fed in each experiment in which synthetic or free lysine was 

added to one of the experimental diets so that its lysine concentration was equivalent to 

that of the next diet in the series. The  diet chosen for supplementation was one which was 

expected to be on the "slope" of the response curve so that the limiting nature of lysine 

could be verified by a growth response. A s the synthetic or free lysine was added 

to the diet to verify that the growth response seen was due to lysine contained in natural 

ingredients, it was thought necessary to give synthetic lysine an equivalent potency which 

took into account that the lysine in synthetic lysine is fully absorbed at the intestinal level 

whereas the lysine in natural ingredients is not (Larbier, 1979).

I

While pure L-lysine hydrochloride contains 800g lysine/kg, the commercial product 

contains impurities, mainly moisture, with the result that the minimum guaranteed L-lysine 

in commercial synthetic lysine HCI is 784.4/g/kg.There is variation in the proportion of 

lysine in natural ingredients which is absorbed at the intestinal level, depending on the 

ingredient and the age of the animal (Robel and Frobish, 1977, Sauer, Kennelly, Aherne and
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Cichon, 1981). A n  average absorbability of 87()fkg in natural ingredients has been 

assumed in this case. T o  correct for the higher absorption of synthetic lysine, the lysine 

content of synthetic lysine should be multiplied by a correction factor equal to the inverse 

function of the coefficient of lysine absorption from natural ingredients. If the coefficient 

of lysine absorption from natural ingredients is taken to be 0 .8 7 , this gives a correction 

factor of 1/0-87 =»1.149 which, when applied to a lysine content of 784.4g/kg in synthetic 

lysine gives an equivalent total lysine to that in natural ingredients of 901g/kg. A  value of 

900g lysine/kg has been used for synthetic lysine HCI when calculating the lysine content 

of the diet containing synthetic lysine, to allow for the higher absorption of lysine relative 

to that in natural ingredients. This value is generally used in commercial practice.

All diets were of identical nutrient content other than the amino acids.

The  experimental diets were fed in mash form for the starter experiment (4 to 22 

days of age) and as 3 mm pellets in the other experiments.

The  details of the proportions of summit and basal mixtures used in each 

experiment and their resulting lysine concentrations will be given when each experiment 

is described in detail. All the diets were chemically analysed for protein, oil, calcium, 

phosphorus, manganese, salt and total lysine to ensure that the summit and basal diets had 

been mixed individually correctly, and then combined in the correct proportions. In addition 

the summit and basal diets were analysed for the main amino acids. Th e  data are shown 

in Appendix Tables 6 and 8.

3. Statistical Analysis

For each experiment, an analysis of variance for a randomised block design was 

carried out on the data for body-weight gain, food intake, gaimfood ratio, lysine intake and 

gain:lysine ratio.

0
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The relevant data were then used for analysis by the Reading model. The  dietary 

lysine requirement of the average individual in a flock can be expressed in terms of its mean 

body weight and its body-weight gain:

L -  a  aW  +  fc W

where L -  lysine intake (g/d), aW  is the body-weight gain (kg/d), W  is the mean body 

weight (kg), a is the g lysine required per kg body-weight gain, and b  is the g lysine 

required to maintain a kg of body weight for a day. From this simple model, Curnow  

(1973) and Fisher et al (1973) have produced a computer model which derives a curve 

representing a flock of individuals based on this average individual, provided that 

appropriate variances are given. Data may be fitted to the curve by the exact procedure 

(Fisher, et al. 1973) to generate values for a and b, given response data and estimates of 

standard deviations of body-weight gain (o a W ,) body weight (oW ) and the correlation 

between the tw o (rAW .W )

This has come to be termed the Reading model. The  exact method of fitting the 

curve, as described by Curnow  (1 97 3 ), was used to analyse the experiments reported in 

this section. In the analysis, the standard deviations for body-weight gain and the mean 

body weight used were those seen in each experiment. In the analysis of published data 

discussed in Chapter 2, the standard deviations used were 0.1 aW  and 0 .1 W . A s 

previously (page 41 of this text), the mean body weight of a flock (W ) was calculated from 

the equation below

Wo+-(Wl*W2)
W - ----------------------------------

2

where W o is the starting weight, W1 is the final weight of birds achieving the highest 

weight gain and W 2  is the final weight of birds achieving the lowest weight gain. The  

standard deviation for W  was calculated as follows
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o W  =  0W 0 +  ((W  -  W o) x CV/100)

where C V  is the coefficient of variation of body-weight gain during the experiment. In most 

experiments, the birds chosen for the trial were selected to be much more uniform in body 

weight at the start of the experiment than those of an unselected flock. This was thought 

desirable because facilities only allowed the use of relatively few  birds in each experiment 

and unnecessarily large variances would have reduced precision.

The correlation between gain and body weight was taken to be 0 .8 , which is the 

value used by Boorman and Burgess (1986) for chickens. In most of the experiments, data 

from all replicates were used in the Reading Model rather than the mean treatment values. 

Using the data from all replicates usually resulted in a Reading Model predicted input and 

output line that fitted the data better than that seen using only the treatment means. 

However, in a few  analyses, the configuration of the data points at the lower input greatly 

influenced the slope of the response and caused a solution which clearly did not fit the rest 

of the data satisfactorily. In those instances, the treatment means were used. Unless 

otherwise stated in the text, data from replicates were used in the Reading Model analysis.

In what is termed the A  run of the computer model, fitted values of the constants 

2  and b  are calculated together with aW max the fitted maximum body-weight gain. These 

data together with W  are then used in the B run of the computer model to calculate the 

expected body-weight gain for each increment of lysine intake over the range specified. 

Th e  range specified should include the approach to and beyond the plateau section of the 

response curve. This procedure was carried out on data from each experiment.
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EXPER IM EN TA L S E C TIO N  A

THE INFLUENCE OF AGE AND SEX

This section reports experiments designed to investigate the influence of the age 

and sex of the turkey on its lysine requirements.

The  most usual feed programme commercially involves changing diets every four 

week of life. In determining the lysine requirement at a stated age, it was felt that a four 

week experimental period would be too long as it would give the opportunity for some 

catch-up growth to take place in diets marginally deficient in lysine at the start of the 

experimental period. Conversely if the experimental period was very short, ie one or tw o  

weeks, the unavoidable error in the accuracy of weighting live turkeys on a spring balance 

graduated into 0.1kg units, would make the detection of differences and the assessment 

of their statistical significance more difficult. A n  experimental period of three weeks was 

therefore decided upon, at intervals over the normal tw enty week growing period.

1. The  Lvsine Response of the Starting Turkey

It is normal to feed the young turkey a mash or crumb diet, often called pre-starter 

or starter, for the first three or four weeks of life. Although at this age, it is usual to rear 

the sexes together, or at least on the same diet, the response was assessed using the male 

as, being the faster growing sex, its lysine demands are likely to be greater. Experiments 

1 and 2 were concerned with assessing the lysine response over the first three weeks of 

life.

Experiment 1 

Objective

T o  describe the lysine response of the 4  to 22 day old male turkey.
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Materials and Methods

Medium to heavy strain (B U T 6 Female Line Cross) male poults were used. They 

were placed in metal metabolism capes at 1 day of age in a windowless room with facilities 

for control of lighting and ventilation. The photoperiod was 23 hours a day and provided 

by 6 0 w  tungsten bulbs. The  temperature was maintained at 35 ±  1 C  for the first 4 days, 

after which it w as gradually decreased by about 10 per day to 2 7 °C, after which it was 

maintained constant.

The  turkey is hatched with remnants of the yolk sac remaining. This provides 

nutrients for the first few days of life. The experiment was therefore not started until 4 

days of age. For the first four days, the birds were fed a standard turkey starter crumb diet 

containing 280g protein/kg and 11.96 M J ME.

A t 4 days of age. the birds were allocated to their experimental cages and diets. 

Only poults which appeared normal and were eating were used. Three birds were allocated 

to each cage and each of eight diets was fed to eight cages in a randomised complete- 

block design, so that a total of 192 birds was used. A n y cages in which a bird died or was 

culled were omitted from the analysis and a missing plot technique was used in the 

statistical analysis. The birds were weighed at 4, 13 and 22 days of age. The food fed 

was recorded and weighed back at 13 and 22 days of age.

The eight diets fed were produced by combining summit mixture A  with basal 

mixture A , details of which are shown in Appendix Tables 5, 6, 7 and 8, in differing 

proportions. These proportions and the resulting level of lysine were decided upon with the 

aim of exceeding the likely requirement with at least one diet but ensuring that at least 

three diets would be on the slope part of the response curve. The levels of lysine required 

were decided upon as a result of a review of the literature. The proportions of the summit 

and basal mixtures and the resulting level of lysine are shown in Appendix Table 1. Diets 

included one (Diet 8) with free lysine added to test for lysine deficiency. The addition was
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equivalent to the calculated difference in lysine content of adjacent diets of the dilution

series.

Results

Th e  mortality and culling during the experiment was 8 birds of the 192 started. In 

this experiment, the birds were not beak-trimmed because they were to be fed mash diets. 

This resulted in some pecking damage, some of which was severe enough to necessitate 

culling and which probably depressed body-weight gain in other individuals. This problem 

appeared to be random with respect to dietary treatment.

The  mean body-weight gain, food intake, gain:food ratio, lysine intake and gain:

lysine ratio data are shown in Tables 24 and 25.

TA B L E  24 RESPONSE O F 0  T O  3 -W EEK  O LD  M A LE  TU R K E Y  
P O U L TS  T O  LYSINE (EXPER IM EN T 1)

1 1 4 -  13 D A Y S  O F A G E

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd d| RATIO |g/blrd.d) RATIO
(fl/kgl (g/blrd.d)

1 19.00 18.21 22.89 0.7955 0.435 41.86
2 17.75 15.68 21.29 0.7365 0.378 41.18
3 16.50 15.80 20.98 0.7531 0.346 45.66
4 15.25 14.72 20.24 0.7273 0.309 47.64
5 14.00 11.94 17.30 0.6902 0.242 49.34
6 11.50 7.49 14.03 0.5339 0.161 46.52
7 9.00 4.88 12.20 0.4000 0.110 44.36
8 11.50 9.88 16.69 0.5921 0.192 51.46

SE 0.77 0.85 0.0224 0.013 1.73

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 8 REPLICATES OF 3 BIRDS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. 9 g LYSINE
BODY BODY BODY- LYSINE TO *

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kgWFOR

(W) (g/bird.d) WEIGHT 1 day
(AW***) GAIN <fe>

(a)

0.0855 0.137 18.80 21.31 0.0155
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TABLE 25 RESPONSE OF OTO 3-WEEK-OLD MALE TURKEY POULTS TO LYSINE
(EXPERIMENT 1)

2) 4 - 22 DAYS OF AGE

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd.d) RATIO (g/blrd.d) RATIO
(g/kg) (g/bird.d)

1 19.00 21.73 31.54 0.6890 0.599 36.28
2 17.75 20.17 29.39 0.6863 0.522 38.64
3 16.50 20.13 29.09 0.6920 0.480 41.94
4 15.25 19.06 28.57 0.6671 0.436 43.72
S 14.00 16.96 25.79 0.6576 0.631 46.98
6 11.50 11.38 20.46 0.5562 0.235 48.43
7 9.00 6.79 15.72 0.4319 0.142 47.82
8 11.50 13.72 23.45 0.5851 0.270 50.81

SE 0.89 1.14 0.0164 0.018 1.25

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 8 REPLICATES OF 3 BIRDS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. 9 g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT Ag MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/bird.d) WEIGHT FOR 1 day
U wuax) GAIN <b>

(a)

0.0855 0.214 21.30 21.41 0.0086

W hen the body-weight gain was plotted against lysine intake shown in Figures 9 and 10 

(Appendix Tables 11 and 12), it was found that the added free lysine treatment (Diet 8 

formulated as Diet 7 with 2 .5g lysine added/kg) gave a result similar or even slightly higher, 

than that to be expected from the results of the other diets, indicating that lysine was

indeed the first limiting amino acid even at the level achieved by the supplementation 

treatment. It will be seen from Figures 9 and 10 that there was a clear response to lysine.

The values for the coefficients and the estimate of maximum body-weight gain 

were obtained by processing the data in the A  run of the Reading model as described in the 

Statistical Analysis section earlier in this chapter. The  numbers obtained were then used 

in a B run of the Reading model to produce lysine input and body-weight gain output 

predictions. These are given in tabular form in Appendix Tables 11 and 12, and illustrated 

in Figures 9 and 10. It will be seen that the continuing upward trend in the data at intakes 

of 0 .4  and more g lysine/bird d, when fitted to the model appears as variance around a 

plateau value of about 18.8 or 2 1 .3g body-weight gain/bird d at 4  to 13 and 4 to 22 days
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respectively. This is an interpretation due to the characteristics of the model used and it 

is not clear whether a plateau really was established. Clarification of this area of doubt is 

important to the interpretation of the requirement for maximum grow th rate of the young 

turkey poult. It was decided therefore that a second experiment was required 

concentrating on the lysine inputs around the plateau of growth response.

Experiment 2

Objective

T o  clarify the response of the 4 to 22 day old turkey to the lysine inputs giving 

maximum or near maximum growth responses indicated by Experiment 1.

Materials and Methods

The same strain and sex of poults as those used in Experiment 1 were used in 

Experiment 2 (B U T  6 Female Line Cross Males). Th e y  were housed in the same metabolism 

cages at 1 day of age and given the same pre-expenmental diet and management 

conditions as in Experiment 1, with the exception that in Experiment 2 the beaks of the 

poults were trimmed at the start of the trial (4 days of age) as it was felt that any problems 

with eating mash were preferable to pecking among birds.

The  method of allocating birds to cages and diets and their numbers was the same 

as in Experiment 1. A n y  birds dying or culled were weighed and included in the total cage 

weight gain, which with the total food was used to calculate the gain:food ratio for the 

cage. This ratio was then used with the actual gain of the survivors at the end of the 

period to calculate the food eaten by the survivors. If tw o  birds died in a cage, the cage 

was omitted and a missing plot technique used in the statistical analysis. Th e  birds were 

weighed at 4, 13 and 22 days of age. The  food fed was recorded and uneaten food 

weighed at 13 days and 22 days of age.
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A s the objective of the experiment was to clarify the situation at the higher lysine 

inputs, summit and basal mixtures with higher lysine concentrations had to be used. T o  

extend the lysine intakes further past the point of any plateau, the lysine content of the 

summit mixture B was increased from 19.0g/kg (as in Experiment 1) to 20g/kg. T o  

increase the number of data points around the area approaching the plateau entailed raising 

the lysine level of the basal mixture B from 4g/kg (as in Experiment 1) to 13g/kg. Details 

of each are shown in Appendix Tables 5, 6, 7 and 8. Th e  proportions of each that were 

used and the resulting levels of lysine are shown in Appendix Table 2. In one diet (Diet 8), 

free lysine was added in the same w ay as previously to test for lysine deficiency in the 

dilution series.

Results

The beak trimming prevented the pecking damage seen in Experiment 1. However, 

the poults suffered an outbreak of turkey hepatosis or oedema disease with a peak in 

mortality at 9 and 10 days. During the experiment 25 birds out of 192 birds started, died 

or were culled. The  cause of turkey hepatosis is not known. It has been suggested that 

high protein diets may be a factor involved. Although the pattern seen among treatments 

would suggest that there was no difference between the diets which varied in lysine and 

protein levels in the incidence of the disease, the level of protein even in the lowest diet 

was high by commercial standards. This could have predisposed birds on all diets in the 

experiment to hepatosis. The  high levels of protein arose because of the need for the 

amino acids other than lysine to be at least 3 0 %  higher than requirements in order to 

ensure lysine deficiency.

Th e  mean body-weight gain, food intake, gaimfood ratio, lysine intake and 

gain:lysine ratio data are shown in Tables 26 and 27.
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TA B L E  26 RESPONSE O F O  T O  3 -W EEK -O LD  M A L E  TU R K E Y
P O U L TS  T O  LYSINE {EXPER IM EN T 2)

21 4  • 1 3  D A Y S  O F  A Q C

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 20.00 16.66 22.03 0.7562 0.441 37.78
2 19.00 18.45 23.06 0.8001 0.438 42.12
3 17.7S 16.59 21.81 0.7607 0.387 42.87
4 16.50 15.02 20.85 0.7204 0.344 43.66
5 15.25 16.50 21.63 0.7628 0.330 50.00
6 14.00 12.72 18.24 0.6974 0.255 49.88
7 13.00 11.77 18.28 0.6439 0.238 49.45
8 14.00 14.35 20.02 0.7168 0.280 51.25
SE 0.79 1.00 0.0229 0.016 1.49

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 8 REPLICATES OF 3 BIRDS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. 0 g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/bird.d) WEIGHT FOR 1 day
( » W w x l GAIN <b>

(a)

0.0930 0.161 17.90 20.97 0.0109
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TA B LE  27 RESPONSE O F  0  T O  3 -W EEK  O LD  M A LE  T U R K E Y  
P O U L TS  T O  LYSIN E (EX P ER IM EN T 2)

2) 4  -  22 DA YS O F  A G E

DIET LYSINE BODY- FOOD GAIN: LYSINE GAIN:
NO CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE

TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 20.00 21.72 31.78 0.6834 0.636 34.15
2 19.00 23.28 33.28 0.6995 0.632 36.84
3 17.75 22.19 32.14 0.6904 0.571 38.86
4 16.50 20.86 31.12 0.6703 0.514 40.58
5 15.25 21.88 32.36 0.6782 0.492 44.47
6 14.00 18.43 27.91 0.6603 0.391 47.14
7 13.00 17.03 26.62 0.6397 0.346 49.22
8 14.00 20.90 30.67 0.6814 0.429 48.72

SE 1.09 1.50 0.0170 0.025 1.06

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 8 REPLICATES OF 3 BIROS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. 0 g LYSINE
BODY BODY BODY- LYSINE/ TO

WEIGHT WEIGHT WEIGHT kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/bird.d) WEIGHT FOR 1 day
GAIN <fe>

(a)

0.0930 0.274 22.40 20.97 0.0047

A s will be seen in Figures 11 and 12 (Appendix Tables 13 and 14), the added free lysine 

diet gave a body-weight gain very similar to that which would have been expected from 

the prediction resulting from lysine intakes of the other diets, confirming that lysine was

the first limiting amino acid in the experimental diets, to the extent of the full

supplementation of the added free lysine.

The  data were used in an A  run of the Reading model to produce values for the 

constants a and fc, together with an estimate of &WMAX the maximum body-weight gain. 

These data together with W  were then used in the B run of the Reading Model to produce 

lysine input and body-weight gain output predictions. These are given in tabular foi'm in 

Appendix Tables 13 and 14 and illustrated in Figures 11 and 12.

Th e  Reading model analysis of the tw o experiments indicated a close similarity in 

the results as summarised below (from Tables 24, 25, 26 and 27):
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a V A LU ES b  V A L U E S

EXP. 1 EXP. 2 EXP. 1 EXP. 2

4 - 1 3  days 21.31 20.97 0 .0 1 5 5 0 .0 1 0 9

4 - 2 2  days 21.41 20.97 0 .0 0 8 6 0 .0 0 4 7

Figure 13 demonstrates the close similarity of the Reading model predicted response 

curves. In the period 4  to 13 days of age, the asymptote of experiment 1 is higher than 

that of experiment 2. However, in the period 13 to 22 days of age, in Experiment 2, a 

greater maximum body weight was achieved than in Experiment 1. This was almost 

certainly the result of the pecking problem which occurred at this time in Experiment 1, 

which probably depressed the body weight of some individuals on all diets. A n  alternative 

possibility is that the oedema problem seen in Experiment 2 at 9 and 10 days of age had 

eliminated some of the smaller birds, have the effect of selecting birds of higher body- 

weight gain which influenced the mean in the period 13 to 22 days. This seems the less 

likely possibility because the veterinary opinion is usually that the oedema problem affects 

the fastest growing birds in a flock. Whatever the cause, the result was that the 

asymptote for Experiment 2 for the period 4 to 22 days of age was higher than that of 

Experiment 1. The  highest dietary lysine concentration in Experiment 1 produced a gain 

in body weight very similar to the asymptote prediction of Experiment 2, indicating that it 

was a reliable result and not just variance around the lower predicted plateau.

Th e  b  values calculated from the tw o experiments indicate that less than 3 %  of the 

total lysine required for birds growing at the maximum rate is needed for maintenance, with 

the remainder required for gain. As discussed in Chapter 2, the calculated lysine 

requirement for maintenance purposes is much higher than indicated by the Reading model. 

Analysis of the data from these experiments suggests that while the total lysine prediction 

of the Reading model fits the data well, its apportionment into that required for 

maintenance lb value) and that required for body-w eight gain la value) is incorrect. This 

is confirmed by examination of Figure 13 where it will be assessed that an extension of the
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body-weight gain prediction line would give an intercept with the lysine intake axis 

(abscissa) showing no indication of a requirement for maintenance before body-weight gain 

can commence. Errors in slope are generally reflected in the intercept. In this instance the 

value of the intercept is likely to be small which will therefore be liable to large error 

relatively. While the Reading model will give good predictions of the relationship between 

lysine inputs and expected body-weight gain outputs, it is apparent that it cannot be used 

to apportion the requirement into body-weight gain and maintenance requirements. T o  be 

able to do this accurately, the body-weight gain measurement would need to be replaced 

by total body protein gain. This would entail much greater w ork and expense which will 

often be prohibitive.

By using the lysine consumptions and body-weight gain predictions together with 

the lysine and ME content of the diet, it is possible to estimate the lysine requirement for 

maximum body-weight gain of a flock in relation to the ME consumed. T o  do this, the least 

amount of lysine per bird day to achieve maximum body-weight gain must be ascertained 

from the Reading model input and output predictions shown in the appropriate Appendix 

table. Very rarely will this equate exactly with the consumption level achieved on one of 

the experimental diets so the experimental diets giving lysine consumptions immediately 

above and below the requirement are used as reference points to calculate the level of 

lysine required in the diet (g/kg) to give the target g lysine intake per bird day to achieve 

maximum body-weight gain. This is calculated using the Reading Model lysine input and 

body-weight gain output predictions by first calculating the difference in g lysine per bird 

day consumed between the tw o reference diets. Th e  difference between the target g 

lysine per bird day to achieve maximum body-weight gain and that of the lower of the tw o 

reference diets is then calculated. This difference is then expressed as a percentage of the 

difference in lysine consumption between the tw o  reference diets and applied to the 

difference in lysine concentration (g/kg) between the diets to arrive at the concentration 

(g/kg) required to achieve the target lysine intake required for maximum body-weight gain. 

A s all the diets had the same calculated M E content, ie. 11.9 6  M J ME/kg, the g lysine/MJ 

M E for maximum body-weight gain can be calculated. It may be argued that the value
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calculated will depend on the M E content of the diet. However, it has been shown by 

MacLeod and Je w itt (1985) that the growing turkey is sensitive to the M E content of the 

diet and will adjust its intake accordingly to meet its requirements. If the M E content of 

the diet is increased, the food intake will be reduced and the g of lysine required in the diet 

(g/kg) to achieve maximum body-weight gain will consequently be increased. It is 

presumed that the ratio between g lysine and M J ME required for maximum body-w eight 

gain will remain the same. This would not be so if the composition of the body-weight gain 

was changed, i.e. if a higher M E content of the diet induced the bird to deposit greater 

quantities of fat. The  optimum ratio will also be influenced by the environmental 

temperature. In the absence of more information, the ratio calculated as described offers 

a guide for nutritionists when formulating turkey diets.

Th e  calculations for these tw o experiments using data in Appendix Tables 1 1 ,1 2 ,1 3  

and 14 indicate the following lysine to ME relationships to achieve maximum body-weight 

gain of a flock:

g lysine/MJ M E requirement to achieve maximum body-w eight gain U W MAX)

A G E  4 -1 3  days 4 -2 2  days

g lys/kg g lys/MJ ME g/lys/kg g lys/MJ ME

EXP.1 18.06  1.510

EXP.2 19.00  1.589 17.12 1.431

Th e  Reading model indicated a requirement higher than the highest concentration 

used in Experiment 1 for 4 to 13 days so the calculation could not be carried out for-that 

period.

The requirement for maximum body-weight gain of a flock may not be the optimum 

economic requirement. The  lysine intake level at which aW max is achieved by a flock of 

turkeys is that level which satisfies every individual in the flock. Some individuals within
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the flock will have a lower genetic potential body-weight gain and hence lower lysine 

requirement. A s the average intake level of a flock increases, progressively the requirement 

for maximum gain of more individuals within the flock is satisfied. This results in a marked 

diminishing return, seen in Figures 9, 10, 11 and 12, in body-weight gain of the flock for 

each mg of lysine consumed as more individuals achieve their maximum gain. A s lysine 

has a cost and body-weight gain a value, a point is reached in the diminishing returns 

section of the response curve when the marginal cost equals marginal return, which is the 

optimum amino acid intake for a flock of birds. Th e  Reading Model contains an equation 

to calculate this point as shown below:

L OP̂ jngld) =a*W+kW+xJ<?o2AWt?o2W+2.aboAW.oW.r

where aW  -  mean potential body-weight gain 

W  = mean body weight 

a  = standard deviation 

r -  correlation between aW  and W

x = the deviation from the mean of a standard normal distribution which is 

exceeded in one tail with probability sk*. where k -c o s t  per'mg amino acid/value 

per g body-weight gain.

While the cost of the extra lysine can be calculated, it is impossible to put an

accurate value on the extra body weight gained because the turkeys are not at a

marketable age. Indirectly the extra body weight may have a beneficial effect on

subsequent performance. There is a correlation between 4 week body weight and 20 week

body weight (Nixey, 1989a) so it is likely that a similar correlation exists between 3-w eek
three

body weight and 12-week body weight. A s the food consumed in the firs^weeks of life 

only represents less than 8 %  of the total consumed to 12 weeks, it is reasonable to 

assume that it is economic to aim to feed to the requirement of individuals with the greater 

requirement in the flock for the first three weeks of life if it is planned to kill the flock at 

young ages. If the turkeys are future breeding stock, the optimum economic requirement
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will be something less than that required for maximum body-weight gain. A s  will be 

described in Chapter 5, the Reading model predictions can be used to help when 

formulating to achieve a desired body-weight gain.

2. Th e  Lvsine Response of the Growing Turkey

The commercial turkey is grown to various ages depending on the type of product 

required. If small oven-ready birds are required, either sex may be killed as early as 9 

weeks of age. If however larger birds are required or the birds are being used for further 

processing, they may be killed at ages up to 20 weeks on occasions. A  series of 

experiments are now  reported for various age periods between 4  and 20 weeks for each 

sex reared separately.

Experiment 3

Objective

T o  assess the lysine response of the 4 - to 7-week-old male turkey.

Materials and Methods

Males of a medium-to-heavy strain, B U T  6 Female Line Cross, were used. Prior to 

the experiment, they were reared in tier brooders and fed ad Libitum on a standard starter 

diet containing 280g crude protein and 11.96 M J ME/kg. Th e y  were moved into 96 pens 

in the experimental house at Kinnerton Farm at 3 weeks 3 days to acclimatise to -their 

experimental surroundings. The  birds were fed on the commercial starter diet until 

treatment diets were allocated. The  birds were randomly assigned to the 96 pens but any 

found to be unusually small were excluded from the experiment because of the possibility 

that they might have been females. Five birds were placed in each pen. A t  4 weeks of 

age, the birds were weighed by placing all the birds from one pen into a weighed small
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wooden crate. Th e  hanging plastic tubular feeders could be removed for weighing 

purposes, when recording the food remaining at the end of the period.

A s  the birds had been in heated brooders previously and when they were moved 

to the experimental rooms, the outside temperature was cold especially at night, it being 

November, it was felt that supplementary background heat was necessary, this was 

provided by gas brooders hung near the ceiling. It was unavoidable that the temperature 

directly below the brooders was higher than in areas further from the brooder. It was 

therefore necessary to allocate pens within the room to experimental blocks within which 

treatment diets were randomised. The  eight treatment diets were thus allocated to 12 

replicate blocks, the blocks being in 4 rooms, each room containing 3 blocks.

A n y pen in which a bird died was omitted from the data when analysed and a 

missing plot technique was used. The  birds were weighed at 4 weeks and 7 weeks of age, 

diets being fed for 3 weeks. Th e  food fed over the period was recorded and the amount 

remaining at 7 weeks weighed to allow calculation of food consumption.

Th e  eight diets fed were produced by combining summit mixture A  with Basal 

mixture A  (Appendix Table 3 ). It will be seen that the summit and basal mixtures were also 

used as individual diets. Unfortunately due to an error in the feed mill, Diet 8, the diet to 

which free lysine was added, was supplemented with L-lysine (as HCI) at twice the 

intended addition. Thus instead of the supplementation increasing the lysine content to 

that of the next diet in the series (Diet 4 ), i.e. from 9 .0 0  to 11.50g lysine/kg as shown In 

Appendix Table 3, the content was increased to that of Diet 3 (from 9 .0 0  to 14.0 0  g/kg). 

A t this level of supplementation, there was the possibility that an amino acid other than 

lysine would become limiting, although proof of lysine deficiency in the mixtures would still 

be evident.
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Results

O f 4 80 birds started, only 3 birds died during the experiment; data are summarised 

in Table 28.

TA B L E  28 RESPONSE O F  4  T O  7 -W EEK  O L D  M A LE T U R K E Y  
P O U L TS  T O  LYSINE (EXPER IM EN T 3)

DIET NO LYSINE BODY* FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd d) RATIO (g/bird.d) RATIO
(g/kg) (g/blrd.d)

1 19.00 74.9 195.0 0.3841 3.705 20.22
2 16.50 72.2 231.5 0.3119 3.820 18.90
3 14.00 70.0 241.3 0.2902 3.377 20.73
4 11.50 56.1 195.7 0.2867 2.251 24.92
5 9.00 41.3 167.9 0.2460 1.211 27.33
6 6.50 27.9 109.3 1.2553 0.710 39.30
7 4.00 23.9 76.1 0.3141 0.304 78.62
8 14.00 72.7 197.1 0.3688 2.759 26.35

SE 2.0 17.00 0.0318 0.218 4.42

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 12 REPLICATES OF 5 BIRDS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. 9 g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/blrd.d) WEIGHT FOR 1 day
GAIN <k>

(a»

0.804 1.323 72.2 35.13 0.0010

Unfortunately the feeding system, involving a hanging plastic feeder within the crowded 

pen, resulted in feed wastage which could not be estimated, as the feed was lost in the 

shavings. The  wastage was not noticed in the pens receiving low  lysine diets but was 

apparent in those receiving high lysine diets where feed consumptions were highest. Th e  

effect of this differential wastage, presumably related to the amount of feeding activity, 

became apparent when the data were used in an A  run of the Reading model. This 

indicated an extremely high a value,35.13, compared with the earlier experiments with a 

values around 20. Th e  effect of increased feed wastage on the high lysine diets will have 

had the effect of decreasing the slope of the response (1/a) and so increasing the value of 

a and indirectly reducing the & value.
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It will be seen In Figure 14 (Appendix Table 15) that birds receiving the tw o most 

limiting diets achieved noticeably better body-weight gains than were predicted by the 

Reading model when analysing the total data. Feeding activity was lo w  in the pens 

receiving these diets and no apparent feed wastage occurred. A s a result these pens have 

achieved higher gains per g intake of lysine than pens where a proportion of the food was 

wasted.

Th e  error in the feed mill which meant that diet 8 received twice the intended 

addition of L-lysine HCI, did not prevent diet 8 showing a body-w eight gain response to the 

extra lysine, to the equivalent lysine level produced by mixing the summit and basal 

mixtures (diet 3, see Table 2 8). Thu s the mixtures were lysine deficient equivalent to tw o  

stages in the diet sequence.

Using the method of calculation outlined for experiments 1 and 2, a concentration 

of 14.0g/kg lysine was required to promote maximum body-weight gain for 4 - to 7-w eek 

old male turkeys. This equates to a ratio of 1 .1 70g lysine/MJ M E. The  problem of the feed 

wastage described earlier should have little Influence on this calculation as that affected 

quantities whereas this calculation is based on concentrations. Th e  experiment therefore 

is of value.

Experiment 4

Objective

T o  assess the lysine response of the 4 - to 7-w eek old female turkey.
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Materials and Methods

Females of the same strain as in experiment 3 were used. Th e  arrangements for 

the experiment were the same as those detailed for experiment 3, with the exception that 

unusually large turkeys were excluded from the experiment because of the possibility that 

they have might been males. The  food used was from the same batch mix as used in 

experiment 3. This meant that diet 8 received twice the intended addition of L-lysine HCI; 

however the lysine deficiency had been confirmed in experiment 3 and was reconfirmed 

in this experiment.

Results

Survival was good with only 3 birds out of 4 80 dying during the experiment. One 

bird escaped and became mixed with another pen so invalidating results from tw o  pens.

A  slight shortage of experimental diets occurred. T o  overcome a shortage of diet 

3, it was reproduced by mixing proportions of diets 1 and 7 in pellet form to give the 

required lysine level. A  shortage of diet 8 could not be overcome in this w a y as it was the 

diet to which L-lysine HCI had been added. In the final week, three pens on this diet were 

taken out of the experiment so that the remaining pens could last the full period. A  missing 

plot technique was used in the statistical analysis. Data are summarised in Table 29.
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TA B L E  29 RESPONSE O F 4  T O  7 -W E E K -O L D  FEM A LE TU R K E Y  
P O U L TS  T O  LYSINE (EX P ER IM EN T 4»

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/blrd.d)

1 19.00 46.9 124.2 0.3778 2.360 19.87
2 16.50 45.2 134.7 0.3356 2.223 20.33
3 14.00 43.1 124.9 0.3451 1.749 24.64
4 11.50 35.4 128.9 0.2746 1.482 23.89
5 9.00 24.4 98.8 0.2470 0.889 27.45
6 6.50 16.3 80.1 0.2035 0.521 31.29
7 4.00 14.4 60.6 0.2376 0.242 59.50
8 14.00 44.2 126.3 0.3500 1.768 25.00

SE 1.2 7.2 0.0188 0.093 2.65

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 12 REPLICATES OF S BIRDS EACH

READING MODEL ANALYSIS

4-DAYS MEAN MAX. g g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/bird.d) WEIGHT FOR 1 day
U w«ax> GAIN <k>

(a)

0.712 1.034 44.5 35.22 0.0036

The food wastage reported in experiment 3, resulting from the feeding system was also 

noticed in this experiment, even though the birds were female and smaller. A s  explained 

before, this would have the effect of decreasing the slope of the response (1/a) and so 

increasing the value of a and decreasing the value of fe.

Figure 15 (Appendix Table 16) shows that, as happened in experiment 3, the tw o 

lowest lysine intakes achieved noticeably better body-weight gains than were predicted 

from the total data. A s  explained in experiment 3 , this was because of low  food wastage 

in pens fed these diets.

A  concentration of 14.3g/kg lysine was required to achieve maximum body-w eight 

gain, equating to a ratio of 1 .196g lysine/MJ M E. Th is  is very similar to that determined 

for males (1 .170g) in Experiment 3.
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Figure 16 illustrates that the males and females at this age had very similar body- 

weight gain responses to lysine input until the females approached their genetic potential 

for gain which was lower than that for the males. That similar concentrations of lysine/MJ 

M E are required to achieve maximum gain in both sexes is an indication that the appetite 

is adjusted according to potential for gain. Experiments 3 and 4  indicate that both sexes 

should be fed the same concentration of lysine in the diet from 4 to 7 weeks of age.

Experiment 5

Objective

T o  assess the lysine response of the 9- to 12- week-old male turkey.

Materials and Methods

Males of the same strain of turkey as used in previous trials, the B U T  6 Female Line 

Cross, were used. Prior to the experiment, they were reared on a standard feeding 

programme which consisted of a 280g/kg protein diet and 11.9 M J  ME/kg from 0  to 4 

weeks and 250g/kg protein and 12.0 M J ME/kg from 4 to 9 weeks. A t  8 weeks 4 days 

of age, the turkeys were moved into 96 pens in the experimental house at Kinnerton Farm 

and fed the same diet as previously until the start of the experiment at 9 weeks. Only 

normal, healthy turkeys were used. Th e y were also screened before moving, to reject birds 

at the extremes of the weight range. In this experiment tw o  birds were placed in each pen. 

The  96 pens were allocated to 8 treatments in each of the 3 blocks in each of the 4 rooms, 

giving 12 replicates of each treatment.

Each bird was weighed at 9 weeks and 12 weeks. One bird in each pen was 

identified by a wing band to prevent the subsequent error of weighing the same bird twice. 

The  method of weighing was to place the turkey's legs as it hung upside dow n, in shackles 

attached to a spring balance capable of weighing to 0 .1kg accuracy.
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For this experiment and all subsequent experiments, a plastic trough feeder was 

hung outside the pen with access to the food through holes cut in the weld mesh. Having 

the feed placed outside the pen reduced the feed wastage in the majority of pens to 

apparently nil. Some pens showed a little wastage, but this was easily seen on the 

concrete floor and collected and returned to the feed trough. Data from pens in which a 

bird died were omitted and a missing plot technique used in the statistical analysis. The  

food fed over the period was recorded and the amount remaining at 12 weeks weighed to 

allow calculation of food consumption. Th e  8 diets fed were produced by combining 

Summit mixture A  with Basal mixture A  (Appendix Tables 5, 6, 7 and 8) in differing 

proportions (Appendix Table 3). Diet 8, the diet containing added L-lysine HCI was mixed 

correctly taking the lysine level equivalent to that of diet 5 (9.00g/kg) up to that equivalent 

to diet 4 (1 1.5g/kg).

Results

Only one bird died during the experiment; data are summarised in Table 30.
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TA B L E  30 RESPONSE O F  9 T O  12-W EEK -O LD  M A LE  TU R K E Y  
P O U L TS  T O  LYSIN E (EXPER IM EN T 5)

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 98.6 294.8 0.3345 5.601 17.60
2 96.0 274.3 0.3536 4.526 21.43
3 1 Q.9U 98.6 278.9 0.3535 3.905 25.25
4 98.6 272.6 0.3617 3.135 31.45
5 93.1 275.8 0.3376 2.482 37.51
6 68.7 249.6 0.2752 1.622 42.36
7 42.0 209.3 0.2007 0.837 50.18
8 99.8 276.6 0.3608 3.181 31.37

SE 7.6 16.9 0.0254 0.202 3.14

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 12 REPLICATES OF 2 BIRDS EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. 0 g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/blrd.d) WEIGHT FOR 1 day
(*»»«**) GAIN <b>

(a)

3.567 4.305 97.5 22.91 0.0040

The data when used in an A  run of the Beading model produced a and b  values of 22.91 

and 0 .0 0 4 0  respectively, which were similar to those obtained in experiments 1 and 2 

using birds from 4 to 22 days. Th e  Beading model B run produced lysine input and body- 

weight gain output predictions (Appendix Table 17) and when plotted against actual 

observed results (Figure 17) a good fit between actual and predicted results can be seen.

Using data in Appendix Table 17, a concentration of 9 .5g  lysine/kg was calculated 

to be required to achieve the maximum body-weight gain of 9 7 .5g bird d. This equated to 

a ratio of 0 .7 9 4 g lysine/MJ M E. The  decrease in the concentration required to achieve 

maximum growth rate compared to trials with younger birds meant that only three of the 

treatments produced data points on the response section of the curve. Nevertheless the 

close fit of these data points to the predicted response line gives confidence in the 

coefficients calculated. The  added L-lysine HCI gave a body-weight gain not significantly
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different from the diet of the same lysine content, indicating that lysine w as the first 

limiting amino acid in the experimental diets at this age.

Experiment 6

Objective

T o  assess the lysine response of the 15* to 18-week-old male turkeys, with 

particular attention to the level required in the diet for maximum body-weight gain. A s 

indicated in the previous experiment, as larger (older) birds are used in response trials, the 

lysine concentrations needed in the diets decreases. Th e  requirement as a proportion of 

the diet decreases as body size increases, because gain diminishes in relation to body 

weight with increasing age while food intake continues to increase. Thu s at this stage, it 

was necessary to consider the range of dietary lysine concentrations to be used for the 

older birds. Th e  information obtained was then used for formulating the experimental diets 

involving birds between 15 and 20 weeks of age, to try to ensure that sufficient diets 

would give body-weight gains within the incremental ("slope") part of the response curve, 

to enable the slope (1/a) to be calculated satisfactorily.

Materials and Methods

Males of the same strain as used previously (B U T  6 Female Line Cross) were used. 

Because of their large size, only one bird could be housed per pen. Th e  96 males used 

were selected from a flock of 3 0 0  birds to be similar in weight to the mean body weight 

of the flock. The  8 diet treatments were then allocated within the 3 blocks of pens within 

each of 4 rooms giving 12 replicates. The  turkeys were housed in the experimental pens 

at 14 weeks 4 days of age and fed a standard diet (180g protein and 12.1 M J ME/kg) until 

the start of the experimental period at 15 weeks.
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The 8 diets fed were produced by combining summit mixture A  with Basal mixture 

A  (Appendix Tables 5 ,6 ,7  and 8) in differing proportions as shown in Appendix Table 3. 

It would have been preferable to formulate new mixtures. How ever these mixtures were 

remaining from the earlier experiments, and in view of the expense of experimental diets 

and the preliminary nature of the experiment, it was decided to use those already available.

Results

Of the 96 males which started, 4  died during the experiment, their results were

excluded and a missing plot technique used in the statistical analysis; data are summarised

in Table 31.

TA B L E  31 RESPON SE O F  15 T O  18-W EEK -O LD  M A LE TU R K E Y  
P O U L TS  T O  LYSINE (EXPER IM EN T 6)

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 19.00 78.9 420.9 0.1872 8.001 9.86
2 16.50 85.3 424.8 0.2007 7.013 12.01
3 14.00 75.8 407.9 0.1846 5.711 13.19
4 11.50 87.7 421.6 0.2054 4.849 17.86
5 9.00 89.3 425.0 0.2080 3.825 23.11
6 6.50 90.1 429.8 0.2079 2.793 31.98
7 4.00 70.2 409.1 0.1704 1.637 42.60
8 11.50 88.5 427.8 0.2040 4.919 17.74

SE 8.2 15.0 0.0157 0.149 1.75

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 12 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS (Saa Appendix Table 8)*

15 MEAN MAX. 0 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

(*WMAx) GAIN <b>
(a)

7.234 8.079 85.1 18.26 0.0435

* Based on analysis of Treatment Means

The Reading model was used to analyse the data as previously described. Using individual

replicate data produced a very low a value (7 .7 5 ). Examination of the position of the 

replicate data shown in Figure 18 gives the explanation. Th e  position of the individual 

replicates of the diet with the lowest concentration lie almost on a straight line of positive
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slope and these points alone were probably Interpreted by the Reading Model to represent 

the slope of the response. Using the treatment mean data produced a more realistic g  

value (1 8.2 6) but Figure 18 indicates that the distribution of the data is such that a Reading 

model analysis is inappropriate as insufficient data lie on the slope (incremental) section of 

the response curve.

The  information however satisfies the objective of the experiment to determine the 

lysine concentrations required in experimental diets to be used for this age range. It 

indicates that to achieve tw o  or preferably three data points on the plateau of the response 

curve of 15* to 18-week-old male turkeys, lysine intakes in excess of 2 .5g  per day are 

required. In this experiment, this would have been achieved by diets containing a lysine 

concentration of 6g/kg and above. The other diets should be formulated to contain less 

than 6 lysine/kg in as many steps as possible to the lowest level of lysine that can be 

formulated using normal ingredients.

The  variation among the body-weight gains of individual replicates lying on the 

plateau section of the response curve is considerable. If the replicates from less than 2g 

of lysine per bird day are omitted as they may lie on the slope (1/a) of the lysine response, 

there is a significant ( P < 0 .0 0 1 ) correlation between body-weight gain and M E intake. The  

regression coefficient was 3 7.0 g  change in body-weight gain for each M J of M E change 

in intake. Figure 19 illustrates the data and the regression line.

The  extra body-weight gain in response to increased M E intake would most logically 

be made up of increased fat deposition. Th e  bird's capacity to deposit fat will depend, 

amongst other things, upon its stage of maturity and genetic propensity to lay dow n body 

fat. These factors could be expected to vary between Individuals and result in the M E 

response indicated.
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FIGURE 19. EXPERIMENT 6. 15 TO 18 WEEKS-MALES,METABOLIZABLE ENERGY 
INTAKE(MJ/d) AND BODY-WEIGHT GAIN(g/d) OF INDIVIDUALS AT NON-DEFICIENT 
AMINO ACID INTAKES (FITTED LINE,GAIN=37.0 ME-102.2,r=0.726,n=70,P<0.001)



Th e  mean treatment values show an apparent decline In gain with increasing intakes 

of lysine in the plateau range. Th e  corollary of this would be decreased fat deposition with 

increasing intakes of lysine.

A s  surplus experimental diets were available, the experiment was repeated (as 

experiment 7) to confirm or otherwise, the responses seen.

Experiment 7

Objective

T o  repeat experiment 6 to ensure that responses to lysine and metabolizable energy 

intakes were reproducible.

Materials and Methods

The procedure and numbers were identical to those of experiment 6. The  same 

batch of experimental diets was used.

Results

Of the 96  males which started, 2 died during the experiment. Their results were 

excluded and a missing plot technique used in the statistical analysis; data are summarised 

in Table 32  and in Figure 20.
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TA B L E  32 RESPONSE O F  15 T O  1 8-W EEK -O LD  M A LE TU R K E Y  
P O U L TS  T O  LYSINE (EX P ER IM EN T 7)

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN fg/bird d) RATIO |g/bird.d) RATIO
Ig/kg) lg/blrd.d)

1 19.00 78.4 369.8 0.2126 7.021 11.29
2 16.50 82.1 384.9 0.2096 6.351 12.70
3 14.00 81.3 369.2 0.2185 5.166 15.58
4 11.50 89.7 378.2 0.2368 4.349 20.59
5 9.00 92.1 388.1 0.2368 3.493 26.31
6 6.50 86.0 389.7 0.2196 2.525 33.78
7 4.00 65.9 384.9 0.1700 1.540 42.49
8 11.50 89.0 397.0 0.2240 4.568 19.48

SE 7.0 14.2 0.0144 0.176 1.85

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 12 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS*

15 MEAN MAX. 0 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

I*wmax) GAIN <fe>
(a)

7.652 8.482 85.5 16.88 0.0503

'  Based on analysis of Treatment means

The results were very similar to those obtained in experiment 6. The  experiment took place

in late April and early M ay, four weeks later than experiment 6. Th e  warmer seasonable 

temperatures would explain the reduction in food intake and reduced lysine intakes on all 

diets. In this experiment a concentration of 6 .5g  lysine/kg resulted in an intake of

2.52g/bird d whereas the same diet in experiment 6 resulted in 2 .7 9 g  lysine/bird d. This 

is an illustration of the inadequacy of stating requirements in terms of concentration in a 

diet or as discussed on page 15 as a ratio to dietary energy. The  requirement is best stated 

as a quantity not a concentration.

In view of the few data points on the incremental ("slope'') part of the response 

curve in experiments 6 and 7, the predictions from the Reading model for body-weight gain 

per unit of lysine or the maximum body-weight gainU W MAX) indicated in Appendix Tables 

18 and 19 are of little value.

82



Th e  maximum body-weight gain U W MAX) indicated by the Reading model analysis 

was noticeably less than that achieved on some diets and noticeably more than that 

achieved on others (Figure 2 0). These departures were the results of the growth 

depression occurring at lysine Intakes above that required for maximum body-weight gain. 

The  growth depression on high lysine intakes seen In experiment 6 thus also occurred in 

experiment 7.

The  Reading model assumes a constant plateau, which is a best fit to the values. 

A s a result, If high lysine diets cause depression In growth rate, the data points beyond the 

first diet giving maximum body-weight gain are interpreted as variation around a lower 

plateau In body-weight gain. This results In a lower prediction for gain. If an analysis was 

performed omitting the data points resulting from the excessive lysine intakes, higher 

maximum body-weight gains, more consistent with the data, i.e. 8 9 .4g per bird d In 

experiment 6 and 8 9 .2g per bird d in experiment 7 compared to 85. Ig  and 8 5 .5g 

respectively, were obtained. The  derived a and fe values were barely affected because they 

are derived from the data points on the slope (1/a) of the body-weight gain response. The  

Increase In Indicated body-weight gain U W MAX) also results in an Increase In the indicated 

lysine Intake required to achieve It, Increasing to 2 .7g per bird d In experiment 6 and 3 .0g  

per bird d In experiment 7 . This in turn Increases the indicated ratio required In the diet to 

0 .5 2 7 g  lysine per M J M E In experiment 6 and 0 .6 4 4 g  lysine per M J M E in experiment 7 

compared to 0 .458g and 0 .4 9 2 g  respectively. The  differences between experiments will 

relate to the temperature differences resulting in different M E requirements for 

maintenance. The  values related to the higher maximum body-weight gains fit the results 

better and are preferred. However the poor range of diets for these responses requires that 

these estimates be treated as a preliminary estimate.

Th e  depression in gain at lysine Intakes higher than that required for maximum gain 

seen In experiment 6, was repeated in experiment 7. Th e  large variation between the body- 

weight gains of Individual replicates lying on the plateau section of the response curve was 

also seen. If the replicates from less than 2g of lysine per bird day are omitted, as they
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may lie on the slope (1/a) of the lysine response, there is, as in experiment 6, a significant 

(P < 0 .0 0 1 ) correlation between body-weight gain and M E intake. Th e  regression 

coefficient was 28.42g change in body-weight gain for each M J  of ME change in intake 

compared to a value of 3 6.9 8 g in experiment 6. Figure 21 illustrates the data and the 

regression line.

If the M E intakes and body-weight gains of experiment 6 and 7 are plotted together 

(Figure 2 2), it can be seen that for the same M E intake, the body-weight gains tended to 

be higher in experiment 7 than in experiment 6. Th e  difference between the slopes is not 

significant (P > 0 .0 5 )

The major difference between the experiments which might be expected to change 

the response to ME is temperature. Experiment 7 took place in late April and early M ay, 

four weeks later than experiment 6. It is regretted that the room temperatures were not 

recorded. Th e  mean of the maximum and minimum daily air temperatures for the 

experimental periods were obtained from the local meteorological station. Th e y  were 

6.1 °C and 10.6 ° C  for experiments 6 and 7 respectively. The  temperatures inside the 

experimental house will have been higher than these, but it might be expected that a 

difference of this order would have occurred inside, a difference sufficient to explain the 

apparent differences in response between the experiments.

The  influence of the lower temperatures in experiment 6 is presumed to be to 

increase the maintenance requirement for M E, leaving less surplus M E available for fat 

deposition resulting in a lower gain at the same ME intake. Th e  weakness of this 

explanation is that it presumes that the turkey at this age does not regulate its energy 

intake accurately to its requirements. It may be that the drive to deposit body fat does not 

have a strong influence on the turkey's perceived M E requirement at this age and may be 

over-ridden by appetite depressant factors such as time and energy required to be spent 

eating and crop capacity.
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In experiment 5, an excess of lysine and protein intake beyond that required for 

maximum body-weight gain, did not depress body-weight gains. Th a t experiment was 

concerned with 9 - to 12-week old males which even in favourable nutritional circumstances 

do not lay down significant quantities of body fat (Hurw itz et al 1983). This m ay be an 

additional indication that the body-weight gain depression seen in experiments 6 and 7 

involved differences in body fat gain. It Is a further indication that analysis of the body 

tissues laid dow n would greatly strengthen the interpretation of the results. Analysis of the 

body-protein gain might have shown no reduction at high lysine intakes.

If high lysine or protein intakes in excess of that required for maximum body-w eight 

gain alter the body tissue proportions, this would have commercial significance. Body fat 

is a desirable characteristic in traditional farm fresh turkeys but undesirable in turkeys for 

further processing.

The  body-weight gain depression at excess lysine and perhaps other amino acid 

intakes should be borne in mind when designing experimental diets and in the interpretation 

of data, particularly by the Reading model. This subject is discussed later.

Experiment 8

Objective

T o  assess the lysine response of the 15- to 18-week-old male and female turkeys. 

Materials and Methods

A s  females mature earlier than males, and will therefore commence to lay down 

body fat earlier, the lysine requirements of the sexes might be expected to diverge with 

increasing age. For the 15- to 18-week age period therefore both sexes of turkey were 

used. A s  this doubled the number of experimental units it w as necessary to use a different
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experimental design to that used in experiments 3 to 7. Instead of 4 experimental rooms, 

it was necessary to combine the tw o  outside rooms as one experimental area, and the tw o 

inner rooms as another. The similar 8 pens which constituted an experimental block within 

each of the tw o rooms were treated as an experimental block of 16 pens within the 

experimental area, within which the 8 diets and the 2 sexes were allocated at random such 

that each sex received each diet. Because of the size of the males, only one bird was 

allocated to each pen. The  experiment was therefore a 96 pen factorial experiment 

consisting of 8 treatments x 2 area x 3 blocks x 2 sexes (6 replicates of each sex on each 

treatment). It was also intended to repeat the experiment provided that no problems 

emerged.

Males and females of the same strain as previously (B U T  6 Female Line Cross) were 

used. Prior to the experiment, they were reared on a standard feed programme consisting 

of 280g protein and 11.9 M J ME/kg from 0 to 4  weeks, 250g/kg protein and 12.0  M J 

ME/kg from 4 to 8 weeks, 220g and 12.0 M J ME/kg from 8 to 12 weeks, and 180g and 

12.1 M J ME/kg after 12 weeks, and had achieved normal growth rates.

They were moved into their pens in the experimental house at Kinnerton Farm at 

14 weeks 4 days and fed a commercial diet consisting of 180g/kg and 12.1 M J ME/kg until 

the start of the experiment at 15 weeks of age. The  birds of each sex used were selected 

from within larger flocks to be of similar weight close to the mean weight of the respective 

flock. The  birds were weighed at 15 weeks and 18 weeks and food intake recorded. A n y 

pens in which a bird died were omitted from the statistical analysis as were any obviously 

sick birds. One pen contained a male which wasted large quantities of food by flicking it 

out of the trough. Not all of this could be collected so data from this pen were omitted 

from the analysis.

Experiments 6 and 7 indicated that for 15- to 18-week-old males, three lysine 

concentrations between 6 and 11 g/kg would be required with the other diets containing 

less than 6g/kg to the lowest level of lysine that could be formulated using normal
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ingredients. Using normal ingredients, it proved difficult to formulate to a concentration 

as low  as 2g/kg. A s  it w as anticipated that a level as lo w  as this would be necessary, 

particularly as it was hoped that these diets might also be used for 18- to 21-week-old 

turkeys, it was decided to allow the use of an abnormal ingredient, ground barley straw, 

in the formulation of the basal mixture to allow a level of 2g lysine/kg to be achieved. Th e  

formulation of the basal mixture C  together with the Summit mixture C  (11 .Og lysine/kg) 

from which the eight diets were produced by combining in differing proportions (Appendix 

Table 4 ), are shown in Appendix Tables 5, 6, 7 and 8.

Results

Three pens of females and tw o pens of males were omitted from the statistical 

analysis because of mortality, morbidity or food wastage, and missing plots were used 

instead; data are summarised in Tables 33 and 34.

TA B L E  33 R ESPON SE O P  15 T O  18-W EEK -O LD  M A L E  A N D  
FEM A LE TU R K EY S  T O  LYSIN E (EXPER IM EN T 8)

a) Males

DIET NO LYSINE
CONCEN
TRATION
(g/kg)

BODY-
WEIGHT
GAIN
(g/bird.d)

FOOD 
INTAKE 
(g/bird d)

GAIN:
FOOD
RATIO

LYSINE
INTAKE
(g/bird.d)

GAIN:
LYSINE
RATIO

1 11.0 96.8 460.3 0.2109 5.063 19.2
2 8.5 84.1 452.4 0.1848 3.845 21.7
3 6.0 88.1 460.3 0.1889 2.762 31.5
4 5.0 80.2 457.9 0.1752 2.291 35.0
5 4.0 56.8 414.7 0.1369 1.636 34.4
6 3.0 69.8 446.8 0.1555 1.340 51.8
7 2.0 42.1 424.6 0.0988 0.849 49.4
8 3.0 57.1 412.7 0.1358 1.238 45.3

SE 10.8 31.1 0.0201 0.142 4.4

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

15 MEAN MAX. 8 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

(*W«Ax) GAIN <t>)
(a)

7.785 8.517 88.5 22.23 0.0019
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T A B L E  3 4 R E S P O N S E  O F  1 5  T O  1 8 - W E E K - O L D  M A L E  A N D  

F E M A L E  T U R K E Y S  T O  L Y S I N E  ( E X P E R I M E N T  8 )

b) Females

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
Ig/kg) (g/bird.d)

1 11.0 62.7 327.0 0.1926 3.597 17.5
2 8.5 51.6 310.3 0.1661 2.638 19.5
3 6.0 70.6 354.6 0.2042 2.127 34.2
4 5.0 61.1 368.3 0.1666 1.841 33.3
5 4.0 66.7 373.8 0.1813 1.495 45.3
6 3.0 54.0 392.9 0.1377 1.179 45.9
7 2.0 46.8 374.6 0.1258 0.749 62.9
8 3.0 47.6 361.9 0.1326 1.086 44.2

SE 6.9 29.5 0.0180 0.154 4.9

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

15 MEAN MAX. 0 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(k0) (W) (g/bird.d) WEIGHT FOR 1 day

GAIN <b>
(a)

5.158 5.775 62.2 19.65 0.0032

This was the third experiment involving 15* to 18-week old males. In the previous tw o 

experiments, 6 and 7, the slope (1 Is) was based on only one or tw o  data points, whereas 

in this experiment six data points fell on the slope, indicating the correct choice of lysine 

concentrations in the experimental diets. The  a value indicated for males by this 

experiment w as higher than in the tw o previous experiments i.e. 22.2 3  compared with 

18.26 and 18.88 and conversely the & value lower i.e. k0.0019 compared with 0 .0 4 3 5  

and 0 .0 5 0 3 . A s  the values from experiment 8 are based on 6 data points, these should 

be the more reliable estimates.

Lysine input and body-weight gain output predictions derived from the Redding 

model (Appendix Tables 20 and 21) are plotted against observed results in Figures 23 and 

24. The  lower body-weight gain achieved on diet 8, the diet containing added L-lysine HCI 

compared to the diet with the same concentration of Lysine (diet 6) is explained by the 

lower food intake on diet 8, resulting in lower lysine intakes. W h y  food intake was reduced
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is not known. Lysine intakes were increased above those of diet 7 and a growth response

seen.

It will be seen in Tables 33 and 34  and Figure 25 that there w as a noticeable 

difference in the response of the tw o  sexes. A n  obvious difference expected w as in 

maximum body-weight gain. Th e  Reading model analysis indicates a maximum body- 

weight gain for the males of 88.5g  and for the females of only 6 2 .2  g. Th e  Reading model 

analysis indicated the grams lysine required to achieve 1 kilogram body-w eight gain (a 

value) appeared to be was slightly less for females than males, i.e. 1 9.65  compared with 

22.2 3 . This may reflect differences in the composition of the body-weight gain between 

the sexes, with more body fat being laid down in females than in males. Unlike the muscle, 

body fat does not contain lysine so that more weight gain that does not require lysine is 

erroneously ascribed to increments in lysine intake in the case of females. The  lower a 

value for females, together with their increased requirement for M E to lay dow n body fat 

resulted in a lower indicated lysine requirement per M J of M E for the females (0 .3 6 0g 

compared to 0 .4 8 7 g  for males) using data in Appendix Tables 20 and 21 as outlined earlier.

The  lower requirement for females resulted in body-weight gain depression on the 

higher lysine diets as seen in males in experiments 6 and 7. Also as in experiments 6 and 

7, food intake was depressed on the tw o highest lysine diets with the result that the body- 

weight gain had a close relationship with M E intake rather than lysine intake, indicating 

again that body fat differences may be involved in the body-weight gain differences.

In view  of the small number of birds of each sex on each diet, it was considered 

useful to repeat the experiment.
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L Y S I N E  I N T A K E  ___________

FIGURE 25. READING MODEL PREDICTIONS FOR LYSINE INTAKE (g/d) AND
BODY-WEIGHT GAIN (g/d) FOR MALE AND FEMALE TURKEYS IN
EXPERIMENT 8 (15 TO 18 WEEKS)



Experiment 9

Objective

T o  repeat experiment 8 to confirm the lysine response of the 15- to 18-week-old 

male and female turkeys.

Materials and Methods

The same procedures and diets as used in experiment 8 were used in this 

experiment. This experiment was carried out in March whereas experiment 8 w as carried 

out in January so the environmental temperatures will have been higher in experiment 9 

than in experiment 8.

Results

Missing plots were not necessary for any females and only for tw o  males; data are 

summarised in Tables 35 and 36.
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TA B LE  35 RESPONSE O F 15 T O  1 8-W EEK -O LD  M A LE  A N D
FEM A LE TU R K EY S  T O  LYSIN E {EX P ER IM EN T 91

b) Males

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 11.0 99.2 403.5 0.2464 4.435 22.4
2 8.5 100.8 391.3 0.2566 3.326 30.2
3 6.0 99.4 420.1 0.2289 2.531 36.4
4 5.0 59.5 351.6 0.1657 1.758 33.1
5 4.0 58.7 354.8 0.1640 1.419 41.0
6 3.0 50.5 357.8 0.1367 1.093 45.8
7 2.0 32.5 319.0 0.0999 0.638 50.0
8 3.0 51.6 354.0 0.1428 1.062 47.6
SE 12.1 23.1 0.0268 0.121 7.2

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

15 WEEK MEAN MAX. g g LYSINE
BODY BODY BODY- LYSINE TO

WEIGHT WEIGHT WEIGHT /kg MAINTAIN
(kg) (kg) GAIN BODY- 1kg W

(W) (g/bird.d) WEIGHT FOR 1 day
U vvmax) GAIN (b)

(a)

8.249 8.949 102.7 23.67 0.0022

TA B L E  36 RESPONSE O F  15 T O  18-W EEK -O LD  M A L E  A N D
FEM ALE TU R K E Y S  T O  LYSIN E {EX P ER IM EN T 9)

b) Females

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/bird.d)

1 11.0 64.7 258.2 0.2546 2.787 22.4
2 8.5 78.6 266.7 0.2919 2.267 34.3
3 6.0 65.9 260.3 0.2523 1.562 42.1
4 5.0 73.5 277.7 0.2623 1.390 52.3
5 4.0 74.6 296.0 0.2525 1.184 63.1
6 3.0 57.9 288.1 0.2006 0.864 66.9
7 2.0 55.6 269.8 0.2110 0.540 105.5
8 3.0 53.2 242.1 0.2160 0.726 72.0

SE 8.4 20.1 0.0254 0.102 6.4

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

15 MEAN MAX. g g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

Uwmax) GAIN (b)
(a)

5.221 5.913 71.8 12.92 0.0006
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The Reading model was used to analyse the data as previously described. Despite the fact 

that the same strain of turkey was used in both experiments, the maximum body-weight 

gain achieved by both males and females in experiment 9 w as higher than that achieved 

in experiment 8, i.e. 102.7g compared with 8 8 .5g for males and 7 1 .8 g  compared with 

6 2 .2g for females. The  body weights at the start of the experiment were higher in 

experiment 9 than those in experiment 8 which may have been a factor involved in the 

difference in body-weight gain.

W hen the lysine input and body-weight gain output predictions derived from the 

Reading model (Appendix tables 35 and 36) were plotted with observed results (Figures 26 

and 27), it was apparent that there was a good fit between predicted and observed for 

males and less so for females. A s in previous experiments using birds of this age 

(experiments 6, 7 and 8), the replicates falling on the plateau section of the response curve 

show  a wide variation in body-weight gain, reflecting probable difference in M E intake and 

fat deposition already discussed in experiments 6 and 7.

While the response for males shows an ideal distribution of treatment means with 

three on the plateau and the rest on the incremental section of the curve, the females 

because of their apparent lower lysine requirement at this age, have the reverse distribution 

with insufficient treatments falling on the incremental section for the slope to be assessed 

accurately. The  use of individual replicates does improve the situation. Figure 28 

compares the Reading model predictions for lysine intakes and body-weight gain for 

experiments 8 and 9. The  males show very similar response slopes with differing maximum 

body-weight gains. The  tw o groups of males also differed markedly in their initial 15-w eek 

body weights, so the maximum body-weight gains may be a reflection of the stage of the 

growth curve that the birds had reached, i.e. although both groups were 15-weeks-otd, the 

heavier group (experiment 9) was at a later stage in its grow th curve than the lighter group 

and so had a higher potential maximum body-w eight gain. A t  an even later stage in the 

growth curve, the reverse would be the case, i.e. potential maximum body-w eight gains 

reducing with age. The  females in the tw o experiments show  a large difference with
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differing response slopes and a values which may be a reflection of the quality of the data 

with insufficient data points falling on the incremental section of the curve. Th e  predictions 

would indicate a greater b o d yw e igh t gain per gram of lysine with females than males. This 

could be expected at this age as the females will be depositing more body fat per unit of 

body-weight gain than the males which are later maturing.

The differences in the maximum body-weight gains between the experiments could 

also be the result of differences in body fat deposition. It may be that in experiment 8 

during January, there was less surplus metabolisable energy for body fat production 

because of the elevated maintenance requirement for energy, resulting from the lower 

ambient temperatures. In March, when experiment 9 was carried out, maintenance 

requirements would have been less. It would obviously have been very desirable in this 

situation to separate body-weight gain into protein, fat and skeletal tissue. However, it is 

prohibitively expensive both in terms of labour and lost income from carcasses to carry out 

this analysis of large turkeys. Its importance however should be realised and in future, 

workers should investigate ways of overcoming the problem. Even analysis of a small 

sample of birds could be indicative and help understanding of differences seen.

If differences between body-fat levels may be present between experiments, it is 

even more likely that such differences exist between treatments within an experiment. 

Differences between treatments on the incremental (slope) part of the response curve will 

be expressed in the coefficient a. Treatments falling on the plateau section of the response 

curve may also vary in body fat and could help to explain the differences seen in this 

section of the response curve already discussed.

Ignoring experiments 6 and 7 where the slope (1/a) was based on only tw o  data 

points, the a and values for 15 to 18 week-old male turkeys can be assessed with some 

confidence to be around the mean of the values for experiments 8 and 9 i.e. 2 2 .9 5  and 

0 .0 0 2 0  respectively. These values are very similar to those for 9 to 12 week old male 

turkeys in experiment 5, i.e. 22.91 and 0 .0 0 4 0 .
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The a  and fe values for the females, as already discussed, show  variations between 

the experiments, but with a values of 19.65 and 12.92 and b  values of 0 .0 0 3 2  and 0 .0 0 0 6  

for experiments 8 and 9 respectively, the a values were noticeably lower and the h  values 

similar for the females when compared with the males. This results in different indicated 

g lysine per M J M E for maximum body*weight gain for the tw o  sexes using data from 

Appendix Tables 20, 21, 22 and 23 as outlined previously. For the males the indicated 

values from experiments 8 and 9 were 0 .487g and 0 .7 7 8 g  respectively w ith a mean of 

0 .6 3 3  g, compared with 0 .3 6 0 g  and 0 .359g in the females. Th e  tw o sexes clearly have 

different diet requirements at this age and should be reared and fed separately.

Experiment 10

Objective

T o  assess the lysine response of the 17- to 20-week-old male and female turkeys. 

Materials and Methods

The original intention was to assess the lysine response of the 18- to 21-week-old 

male and female turkeys. Th e  diets available for the experiment were the same formulation 

and mixing as used in experiments 8 and 9. In view  of the response curve for females seen 

in the 15-to- 18-w eek period and the need for at least three data points on the slope 

section of the response curve, it was decided to advance the age period for the experiment 

by one week. Even with this advancement, it was still likely that fewer data points would 

fall on the "slope'' than was desirable.

Males and females of the same strain of turkey as used previously (B U T  6 Female 

Line Cross) were used. Prior to the experiment, they were reared on a standard feed 

programme which was the same as that used in experiment 8 and had achieved normal 

growth rates. Th e y  were moved into their pens in the experimental house at Kinnerton

94



Farm at 16 weeks 4  days and fed a standard diet containing 180g/kg protein and 12.1 M J 

ME/kg until the start of the experiment at 17 weeks of age. Th e  experimental design and 

the eight diets fed were Identical to those used In experiments 8 and 9. Th e  birds were 

weighed at 17 weeks and 20  weeks of age and food intake recorded.

Results

Only one female died in the experiment for which a missing plot technique was

used; data are summarised in Tables 37  and 38.

TA B L E  37 RESPON SE O F  15 T O  2 0 -W E E K -O LD  M A LE  A N D  
FEM A LE TU R K E Y S  T O  LYSIN E (EXPER IM EN T 10}

a) Males

PIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
lg/kgl (g/bird.d)

1 11.0 112.7 483.3 0.2341 5.317 21.28
2 8.5 111.9 519.8 0.2128 4.419 25.04
3 6.0 118.3 488.1 0.2423 2.929 40.38
4 5.0 99.2 469.0 0.2118 2.345 42.36
5 4.0 85.7 443.7 0.1937 1.775 48.48
6 3.0 70.6 432.5 0.1652 1.298 55.06
7 2.0 55.6 396.8 0.1402 0.794 70.08
8 3.0 52.4 383.3 0.1374 1.150 45.79

SE 12.1 32.0 0.0223 0.187 4.67

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

17 MEAN MAX. 9 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

GAIN (b)
(a)

9.508 10.402 111.8 19.62 0.0019

95



TA B LE  38 RESPONSE O F  17 T O  2 0 -W E E K -O LD  M A L E  A N D
FEM A LE TU R K E Y S  T O  LYSIN E (EX P ER IM EN T 10)

b) Females

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRAT10N GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/kg) lg/bird.d)

1 11.0 81.0 392.9 0.2053 4.321 18.66
2 8.5 76.2 374.6 0.2041 3.184 24.01
3 6.0 77.8 403.2 0.1926 2.419 32.10
4 5.0 67.5 360.3 0.1862 1.802 37.24
5 4.0 83.3 427.0 0.1967 1.708 49.19
6 3.0 58.7 373.8 0.1579 1.121 52.64
7 2.0 57.9 385.7 0.1493 0.771 74.63
8 3.0 68.8 379.9 0.1805 1.124 60.14

SE 6.7 22.0 0.0143 0.116 4.42

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OP 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

17 MEAN MAX. 9 g LYSINE
WEEK BODY BODY- LYSINE TO
BODY WEIGHT WEIGHT /kg MAINTAIN

WEIGHT (kg) GAIN BODY- 1kg W
(kg) (W) (g/bird.d) WEIGHT FOR 1 day

GAIN <b)
(a)

5.998 6.740 76.9 16.18 0.0024

Lysine input and body-weight gain output predictions derived from the Reading model 

(Appendix Tables 24 and 25) when plotted against observed results (Figures 29 and 30) 

show a good response curve and fit for the males, with the exception of the added free 

lysine treatment (diet 8) on which birds did not achieve the body-weight gain of those on 

diet 6 with the equivalent lysine content. Th e  food intake of males on diet 8 w as also 

lower than that of males on diet 6, resulting in differences in lysine intakes. The  body- 

weight gains achieved by males on diet 8 were in most cases lower than those predicted 

by the Reading model for the lysine intakes of those birds. The  results for the females 

were less satisfactory in that less data fell on the incremental section of the curve. There 

must therefore be reservations about any conclusions drawn from the data for females. 

The data in Appendix Tables 24 and 25 would indicate the lysine requirement for females 

was lower in relation to the ME requirement as evidenced by the g lysine per M J ME 

required for maximum body-weight gain (aW max), i.e. 0 .3 1 0  for females and 0 .4 7 2  for 

males. The a values would indicate that the tissues constituting the body-w eight gain are
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different between the sexes at this age (a for mates was 19.62 and 16.18  for females). 

Thus at lysine intakes which were severely limiting for the male, the females, presumably 

because they were laying dow n body fat and had a smaller body weight to maintain, 

produced noticeably more body-weight gain. For example Figure 31 would indicate that 

for a daily lysine intake of 1 gram, a 17 to 20 week old female turkey will produce a daily 

body-weight gain of 65g while on the same intake a male of the same age would only 

produce 50g per day. The  males have a higher maximum body-w eight gain and so require 

more lysine per day in total to achieve their maximum body-w eight gain.

Although in the experiments involving 15- to 18- week-old birds, diet 8, containing 

free lysine showed a response compared with the unsupplemented diet for males but not 

females, the same mixes of diet in this experiment showed a response with females but not 

males. A t the outset it was anticipated, because of the small number of birds on each 

treatment, that the variation present could create questionable results. Sufficient 

quantities of each diet had however been made to repeat the experiment. Th e  results 

indicate the desirability of doing this.

Experiment 11

Objective

T o  repeat experiment 10 which assessed the lysine response of the 17-to 20-w eek 

old male and female turkeys.
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FIGURE 31. READING MODEL PREDICTIONS FOR LYSINE INTAKE (g/d) AND BODY-
WEIGHT GAIN (g/d) FOR MALE AND FEMALE TURKEYS IN
EXPERIMENT 10 (17 TO 20 WEEKS)



Materials and Methods

The same procedures and diets as used in experiment 10 were used in this 

experiment. This experiment was carried out at the end of April and early May whereas 

experiment 10 was carried out from the middle of February to the start of March when the 

environmental temperature was lower.

Results

Four females and one male died during the experiment and the missing plot 

technique used in the statistical analysis; data are summarised in Table 39  and 40  and 

illustrated in Figures 32 and 33.

A s in some previous experiments, the use of individual replicate data in the Reading model 

produced prediction response lines for both males and females which did not fit the data 

satisfactorily, Interpreting the slope of the very low lysine intake data points as that of the 

total experiment. Using treatment mean data produced more realistic a and b  values and 

prediction lines which fitted the total data more satisfactorily. It will be seen that for both 

males and females, the values are very similar to those found in experiment 10, as shown 

below:

a V A LU E t  V A LU E

M ALES EXPERIM EN T 10 19.62 0 .0 0 1 9

EXPERIM EN T 11 2 0.4 8 0 .0 0 2 0

FEM ALES EXPERIM EN T 10 16.18 0 .0 0 2 4

EXPERIM EN T 11 15.91 0 .0 0 1 2
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TA B LE  39 RESPONSE O F 17 T O  20-W EEK -O LD  M A LE
A N D  FEM ALE TU R K E Y S  T O  LYSINE
(EXPER IM EN T 11)

a) Males

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd d) RATIO |g/blrd.d) RATIO
Ig/Vg) (g/btrd.d)

1 11.0 89.7 514.3 0.1787 5.657 16.24
2 8.5 88.9 438.9 0.1987 3.731 23.37
3 6.0 98.4 462.9 0.2206 2.808 35.04
4 5.0 108.5 454.7 0.2402 2.263 47.95
5 4.0 74.6 428.6 0.1740 1.753 42.56
6 3.0 70.5 476.5 0.1477 1.418 49.72
7 2.0 46.8 403.2 0.1170 0.806 58.48
8 3.0 54.0 145.1 0.1301 1.245 43.37

SE 11.9 30.8 0.0252 0.208 5.51

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS

17 WEEK MEAN MAX. g g
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT a TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
GAIN W FOR

(a) 1 day
<b)

10.310 11.125 95.5 20.48 0.0020
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TA B LE  40 RESPON SE O F  17 T O  20-W EEK -O LD  M A LE 
A N D  FEM A LE TU R K E Y S  T O  LYSINE 
{EX P ER IM EN T 11)

b) Fsmalas

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN lg/bird d) RATIO (g/bird.d) RATIO
(g/kg) (g/blrd.d)

1 11.0 52.4 418.3 0.1255 4.601 11.41
2 8.S 49.2 350.0 0.1371 2.975 16.51
3 6.0 57.7 344.0 0.1675 2.062 27.31
4 S.O 67.4 385.9 0.1750 1.938 34.64
5 4.0 49.2 339.7 0.1443 1.359 36.08
6 3.0 52.2 369.8 0.1417 1.076 47.54
7 2.0 42.1 333.3 0.1233 0.667 61.67
8 3.0 44.4 363.5 0.1214 1.090 40.48

SE 7.4 26.7 0.0157 0.208 5.69

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 1 BIRDS EACH

READING MODEL ANALYSIS*

17 WEEK MEAN MAX. g g
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(*WM*x) GAIN W FOR

(a) 1 day
<b)

6.783 7.358 53.4 15.91 0.0012

* Basad on analysis of traatmant maana.

Th e  maximum body-weight gains U W MAX) achieved differed markedly between the 

experiments, as can be seen in Figure 34. The  17-week body weights at the start of each 

experiment also differed, those of experiment 10 being lower than those of experiment 11 

being 9.506kg for males and 5.998kg for females in experiment 10 and 10.310kg and 

6.783kg respectively in experiment 11. A s in both experiments the same strain of turkey 

with the same genetic potential for body weight at maturity was involved, the explanation 

for the lower gain in experiment 11 may be that, being nearer their mature body weight and 

so physiologically more mature, their potential for growth rate would be lower than that for 

the turkeys used in experiment 10.

The  apparently lower a values for females than for males in both experiments 

although based on poor response data are consistent with the earlier maturing of females 

than males. Thus deposition of fat occurs earlier in females which would have a negligible
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requirement for lysine compared to the requirement for laying down muscle as explained

previously.

A s in previous experiments involving birds older than 15 weeks, the replicates 

falling on the plateau section of the response curve show  a wide variation in body-weight 

gain, reflecting differences in ME intake and probably fat deposition discussed in 

experiments 6 and 7.

The relationship between predicted responses derived from the Beading model 

(Appendix 26 and 27) and observed results (Figures 32 and 33) show  strong similarities 

with patterns seen in experiment 10 for males and females. One of the questions posed 

by the results in experiment 10 was the food intake and body-weight gain response of diet 

8, which consisted of diet 7 supplemented with L-lysine HCI to equal the lysine 

concentration of diet 6 . In experiment 10, neither the food intake or body-weight gain of 

the males on diet 8 equalled that of diet 6. In experiment 11, some body-weight gain 

response was seen with both males and females. The  extent of this response was not, 

however, sufficient to equal the body-weight gain achieved by birds receiving diet 6.

Re-examination of the theory used to design the experimental diets for confirmation 

of lysine deficiency revealed a flaw when it was applied to the low-lysine series of diets for 

the older ages. Summit mixture C  (Appendix Tables 5 and 6 ) and Basal mixture C  

(Appendix Tables 7 and 8) were both designed so that essential amino acids other than 

lysine would be present at concentrations at least 1.3 times greater than indicated by the 

"ideal" amino acid profile for this protein content. This should have ensured that lysine 

was the first limiting amino acid by a margin of 3 0 % . Because of uncertainty about h o w  

many data points would fall on the slope of the response curve, the diet chosen for 

supplementation with added free lysine in experiments 8, 9, 10 and 11 was the diet with 

the lowest lysine concentration, diet 7, which contained 2g lysine/kg. Using added free 

lysine to increase the lysine concentration to 3g/kg in diet 8 was intended to confirm lysine 

deficiency by demonstrating a body-weight gain response similar to that of diet 6. By
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increasing the lysine concentration from 2 to 3g/kg the lysine concentration was increased 

by 5 0 % . As the other amino acids had only an intended 3 0 %  safety margin, it does not 

seem likely that lysine was the first limiting amino acid in diet 8. Th e  added free lysine 

however would allow a body-weight gain response to the extent allowed by t e ' 

limiting amino acid in reality. A s  some body-weight gain response was seen for both 

females and males, this is an indication that the response seen in the other diets was

indeed due to lysine.

A  further complication is that no work has been done on the arginine to lysine 

relationship in the diet of older turkeys. Increasing the lysine concentration by 1.5  times 

may have altered the relationship adversely. As this relationship may differ between the 

sexes at older ages, it may help to explain the variation seen in the body weight gain 

response seen for diet 8 in experiments 8 to 11 •

Figure 34  compares the Reading model predictions for lysine intakes and body- 

weight gain for Experiments 10 and 11. Experiment 11 was carried out when the outside 

environmental temperatures were higher than those prevailing during experiment 10. 

However the expected reduced food intake resulting from a lower energy requirement did 

not have the effect of greatly increasing the g lysine per M J M E required for maximum 

body-weight gain (W MXX) for the males in experiment 11, (0 .533g compared w ith 0 .5 2 6 g  

in experiment 10). Th e  explanation may lie in the fact that the initial 17-week body weight 

of the males In experiment 11 was noticeably greater than that in experiment 10 i.e. 

10.31kg and 9.51kg respectively, A s the males of experiment 11 were nearer their 

ultimate mature body weight, their expected maximum body-weight gain might be expected 

to be less than in experiment 10, as indeed it w as, (95.5kg per bird day and 114.6g 

respectively). Additionally more of the body-weight gain might be expected to be fat than 

that of a less mature bird. Both these aspects would reduce the g lysine required per M J  

ME, helping to offset the influence of high temperatures on food intake.
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In the females in experiment 11, 0 .2 9 1g lysine per M J M E was apparently required 

for maximum body-weight gain compared with 0 .3 0 5 g  in experiment 10. Since in 

experiment 11 females were also bigger than their counterparts in experiment 10 at 17 

weeks and therefore more mature, the same explanation as for the males appertains.

The mean of the tw o experiments would indicate 0 .5 3 0 g and 0 .2 9 8 g  lysine per M J 

ME are required for maximum body-weight gain of males and females of this age 

respectively. Diets differing distinctly in protein and ME content are required by each sex 

during this age period.

103



EXPERIMENTAL SECTION B

TH E  INFLUENCE O F G E N E TIC A L P O TE N TIA L  A N D  PREVIOUS PLA N E  O F  N U TR ITIO N

The previous experimental section described investigations into the influence of the 

age and sex of the turkey on lysine requirements. The experiments described in this 

section investigated the influence on the lysine requirements of tw o  other factors which 

affect body-weight gain. These are the turkey's genetic potential for body weight gain and 

the turkey's previous plane of growth relative to its potential grow th rate.

1. The  Turkey's Potential for Bodv-weiqht Gaia

In order to meet different market requirements, different types of turkey have been 

developed. One of the major differences is with respect to growth rate. A s  w as illustrated 

in Figure 1, some strains m ay have the potential to grow  twice as fast as other strains. 

The growth rate variations are such that the females of a fast growing strain may grow  as 

quickly as males of a slower growing strain. T w o  important questions may be asked. First, 

does the genetic potential for growth rate influence the lysine response? Second, does the 

greater potential for grow th rate improve the efficiency of lysine utilisation for grow th rate? 

T w o  experiments, experiments 12 and 13 were conducted to attempt to answer these 

questions.

Experiment 12

Objective

T o  assess if the genetic potential for grow th rate influences the lysine response of 

both sexes of tw o  strains of turkey which differed greatly in their genetic potential for 

body-weight gain from 9 - to 12-weeks of age.
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Materials and Methods

The fast crowing strain used was the B U T  Strain 81, a line kept in the B U T  gene 

pool and not used commercially. From 9 to 12 weeks, the males would be expected to 

gain around 125g and the females 90g per bird day. Th e  slow-growing strain used w as the 

B U T Strain 32, a female line used in the production of the Big 5 Female Line Cross parent 

hen. The males of this strain would be expected to gain around 85g and the females 60g 

per bird day over the 9* to  1 2- week age period.

Prior to the experiment the birds of both strains were reared in normal commercial 

housing on a standard feed programme, the same as in experiment 5, and had achieved 

normal growth rates. Because of transport availability, they could not be moved into their 

pens in the experimental house at Kinnerton Farm until 9 weeks of age. T o  give the birds 

time to settle and find the feeders which were hung on the outside of the pens, they were 

fed a standard diet for 4  days and the experimental period commenced at 9 weeks 4  days. 

Before being accepted for the experiment, the birds were selected for uniformity of body 

weight within each strain and sex. One bird was housed per pen.

A s the experiment involved 8 diets fed to tw o  sexes of tw o  strains of turkey, thirty* 

tw o experimental units were involved in one block. The  Kinnerton experimental house 

contained 4 rooms each with 24 pens. Th e  pens within each room were allocated to  three 

blocks according to their situation within the room. T o  accommodate the thirty-tw o 

experimental units, the room identities were ignored and the ninety-six pens within the 

house, deemed to be in three blocks of thirty-two pens. The  thirty-tw o pens in each block 

consisted on eight pens in each of the four rooms in similar positions within each room.

The experiment therefore consisted of 8 diets x 2 strains x 2 sexes x 3  experimental 

blocks.

The eight diets fed were identical formulations but a different batch mix to those 

used in experiment 5, involving the same age of birds. In view of the small number of birds
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of each strain and sex on each diet, it was anticipated that the experiment would require 

repeating. Sufficient of each diet was therefore produced to  allow for this.

Th e  birds were individually weighed at 9 weeks 4 days and at 12 weeks 4  days. 

Th e  food consumed over the period w as recorded. A n y  pens in which a bird died were 

omitted and a missing plot technique used in the statistical analysis.

Results

Of the 96 pens, three birds died and one bird had to be culled w ith a broken wins; 

data are summarised in Tables 41, 4 2 , 43  and 44.

TA B LE 41 RESPONSE O F  9 T O  12-WEE1C-01D TU R K E Y S  O F DIFFEREN T 
G EN ETIC  P O TE N TIA L  FOR G R O W TH  R A TE  
(E X P E R IM E N T A I  - — --------------------------------------

a) Larga 
Typa Malaa

DIET NO LYSINE
CONCEN
TRATION
lg/kg)

BODY- 
WEIGHT 
GAIN 
(g/bird.d)

FOOD 
INTAKE 
(g/bird d)

GAIN:
FOOD
RATIO

LYSINE 
INTAKE 
(g/bird. d)

GAIN:
LYSINE
RATIO

1
2
3
4
5
6
7
8
SE

19.00
16.50
14.00
11.50
9.00 

6.5
4.00 
11.5

107
112
117
123
115

98
55

117
5

344.4 
361.9 
350.8 
341.3
321.0
317.5 
276.2
358.1

22.2

0.3135
0.3137
0.3374
0.3649
0.3617
0.3111
0.2004
0.3236
0.0227

6.544
5.921
4.911
3.925
2.900
2.063
1.105
4.106 
0.303

16.50
19.01
24.10
31.73
40.24
47.88
50.09
28.13

2.91

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL ANALYSIS*_________________________

9 WEEK MEAN MAX. 0 g
‘BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(¿WW) GAIN W FOR

<fi) 1 day
lb)

4.092 5.034 115.7 20.33 0.0061

* Basad on analysis of treatment means.
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TABLE 4 2 R E S P O N S E  O F  9  T O  12-W E E K -O L D  T U R K E Y S O F  D IFFE R E N T  
G E N E T IC  PO T E N T IA L  F O R  G R O W T H  R A T E
(E X PE R IM E N T  121 --------------------------------- .----------------- -- -------------—

b) L»rg* 
TVP»

DIET NO LYSINE
CONCEN
TRATION

(g/kgl

BODY-
WEIGHT
GAIN
(g/blrd.d)

FOOD 
INTAKE 
(g/blrd d|

GAIN:
FOOD
RATIO

LYSINE
INTAKE
(g/bird.dl

GAIN:
LYSINE
RATIO

1
2
3
4
5
6
7
8
SE

19.00
15.50
14.00
11.50
9.00 

6.5
4.00 
11.5

74.6
76.2
93.7
87.3
85.7 
76.2
52.4 
92.1

9.0

250.8
254.0
281.0
260.3
260.3
249.2
203.2 
258.7

16.8

0.2978
0.3008
0.3336
0.3363
0.3287
0.3037
0.2564
0.3552
0.0278

4.765
4.190
3.933
2.994
2.343
1.620
0.813
2.975
0.208

15367
18.23
23.83
29.25
36.52
46.72
64.03
30.89

5.46

THE VALL ES ABOVE ARE MEANS (WITH P0OI FO SEI OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL A N A L Y S IS _____________________________

9 WEEK MEAN MAX. 0 9 
BODY BODY BODY- LYSINE/k LYSINE 

WEIGHT WEIGHT WEIGHT 0 
(kgt (kgl GAIN BODY-

(W) (g/bird.d) WEIGHT A'N 1ka
l » v » J  gain w fo r  

(a> '  dav 
<&>

| 2.975 3 Z l i -=a- =_ - l ^ = s = = J2 ^ = s = a = = ^ ^
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TA B LE  43 RESPONSE O F  a  T O  1 ̂ -W E E K -O L D  t u r k e y s  o f  d i f f e r e n t  
G E N E TIC  P O TE N TIA L  FO R  G R O W TH  R A T E  
(EXPERIM ENT 121

e) Small Typa
Malta

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN* WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
(g/Vg) tg/faird.d)

1 19.00 71.4 276.2 0.2599 5.248 13.68
2 16.50 68.3 247.6 0.2759 4.086 16.72
3 14.00 54.0 250.8 0.2116 3.511 15.12
4 11.50 71.4 254.0 0.2808 2.921 24.41
5 9.00 76.2 265.1 0.2888 2.386 32.09
e 6.5 65.1 242.9 0.2680 1.579 41.23
7 4.00 31.8 190.5 0.1653 0.762 41.33
8 11.5 66.7 257.1 0.2579 2.957 22.43

SE 9.7 16.2 0.0317 0.153 2.57

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. g 9
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(*wmax) GAIN W FOR

(2) 1 day
(b>

2.950 3.517 68.0 18.16 0.0531
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TAB LE 4 4 RESPONSE O F  9  T O  12-W EEK O LD  TU R K E Y S  O F D IFFER EN T 
G E N E TIC  P O TE N TIA L  FO R  G R O W TH  R A T E  
(EXPER IM EN T 12)

d| Small
Typa
Famalaa

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/b(rd d) RATIO (g/bird.d) RATIO
Ig/kg) (g/bird.d)

1 19.00 34.9 178.2 0.1973 3.348 10.38
2 16.50 50.8 198.4 0.2514 3.274 15.24
3 14.00 42.9 179.4 0.2366 2.511 16.90
4 11.50 61.9 201.6 0.3075 2.318 26.74
5 9.00 44.4 188.9 0.2355 1.700 26.16
e 6.5 50.8 207.9 0.2438 1.352 37.51
7 4.00 38.4 184.3 0.2108 0.714 53.82
8 11.5 57.7 189.9 0.3046 2.190 26.37
SE 7.3 9.1 0.0311 0.148 3.09

THE VALUES ABOVE ARE MEANS (WITH FOOLED SE) OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. 0 0
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(awMAx) GAIN W FOR

<a> 1 day
lb)

2.108 2.635 48.6 7.800 0.1492

Lysine input and body-weight gain output predictions derived from the Reading mode 

(Appendix Tables 28. 29. 3 0  and 3 1 ) when plotted against observed results (Figures 35. 

36, 37 and 38) show  a large variation in the number of data points on the slope of the 

response between the strains and sexes. Despite the fact that in experiment 5 which 

investigated the same age period for males, the range of experimental diets proved almost 

ideal, in this experiment, m ost of the diets resulted in lysine consumptions greater than 

were required for maximum body-weight gain for all of the four types of bird. Th is  caused 

growth depression at the highest levels of lysine consumption as seen in previous 

experiments. A s  a result, in each case the Reading model analysis indicated a lower level 

of maximum body-weight gain U W MAX) than achieved by birds receiving several of the 

diets. Although the slope (1/a) w as not greatly influenced, the lower aW m** resulted in a 

lower indicated g lysine per M J  M E. Th e  results of only the data up to and including that
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lysine intake giving the greatest body-weight gain for each strain were used in the Reading 

model analysis compared w ith the full data analysis are shown in Table 45.

T A B U  45 A  C O M P A R IS O N  O F  FULL D A T A  A N A L Y S IS  BY 
T H E  READING M O D EL
W IT H  P A R T D A T A  AN ALYSIS* O F EXPERIM EN T 
12

LARGE
TY P E

M ALES

LARGE
TY P E

FEM ALES

S M A LL
TY P E

M ALES

SM A LL
TY P E

FEM ALES

M A X  B O D Y - 
W EIG H T GAIN 
(g/bird d)

FULL D A T A  
PART D A T A

115.7
118.9

84.6
87.1

68.0
71.4

4 8 .6
5 3 .7

g LYSlNE/kg 
B O D Y -W EIG H T 
GAIN (a)

FULL D A T A  
p a r t  D A T A

20.3 3
19.98

17.99
19.00

18.16
21.5 6

7 .8 0
17.18

g LYSINE T O  
M A IN TA IN  1kg 
w  FOR 1 d (£)

FULL D A T A  
PA R T D A T A

0.0061
0.0031

0.0006
0.0015

0.0531
0 .0 2 3 4

0 .1 4 9 2
0 .0 1 3 7

g LYSINE PER 
M J  ME FOR 
*wMAX

FULL D A T A  
PA R T D A T A

0 .7 1 7
0 .7 1 8

0 .642
0.6 9 2

0 .6 3 4
0 .7 0 3

0 .4 3 6
0 .5 1 7

Part data analysis -  this uses data up to and including that lysine intake 
giving the highest body weight gain in the trial.

It will be seen that excluding the data where the indications were that the body- 

weight gain had been depressed by an excess of protein or lysine, resulted in the Reading 

model interpreting the data differently. N o t surprisingly a higher maximum body-weight 

gain was indicated. The  a  value increased slightly with tw o  of the three largest types,
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while there was a marked increased in a value with the small type hens from 7 .8 0  to 

17.18. However, the data for small type hens are weakest, having the least clearly defined 

response section of the curve and the most severe body-weight gain depression from 

excess lysine intakes. W hen the Reading model input and output predictions are plotted 

(Figure 39), the females of both types are shown to gain more per g of lysine than the 

males. The  most important change resulting from the higher indicated maximum body- 

weight gain was an increase in the amount of lysine required to achieve the maximum 

body-weight gain, and as a result the g lysine per M J ME required for maximum body- 

weight gain was increased. Th is  is the information of most use to commercial nutritionists. 

There is no means of testing the significance of differences seen in the g lysine required 

per M J ME. The indications are that the three largest types have a similar requirement 

whereas the small type females would appear to be able to achieve their maximum body- 

weight gain with less lysine per M J ME.

In view of the small number of birds of each type and sex on each experimental diet 

(three birds in individual pens), it is perhaps not surprising that the data were variable. This 

experiment was repeated to strengthen the information on the subject.

Experiment 13

Objective

T o  repeat experiment 12 in order to strengthen the information to assess if the 

genetic potential for growth rate influences the lysine response.

Materials and Methods

The same procedures and diets as used in experiment 12 were used in this 

experiment, including the same age at commencement i.e. 9 weeks 4  days. This
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FIGURE 39. READING MODEL PREDICTIONS FOR LYSINE INTAKE (g/d) AND BODY-
WEIGHT GAIN (g/d) FOR LARGE (L) AND SMALL (S) TYPE MALE (M) AND
FEMALE(F) TURKEYS IN EXPERIMENT 12 (9 TO 12 WEEKS)



experiment was carried out in May under temperatures which would have been higher than 

those prevailing during experiment 12.

Results

Of the 96 pens, tw o  were excluded because of broken wings and three because 

of mortality; data are summarised in Tables 46, 47, 48  and 49.

fssmmasssssssssssssst

TABLE 4 6 R E S P O N S E  O F  9  T O  12-W E E K -O L D  T U R K E Y S O F  D IFFE R E N T  
G E N E T IC  PO T E N T IA L  F O R  G R O W T H  R A T E  
(E X PE R IM E N T  131

a) Larga Typa
Malaa

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird dl RATIO (g/blrd.d) RATIO
lg/kg) (g/bird.d)

1 19.00 122.2 292.1 0.4183 5.549 22.022 16.50 119.1 296.8 0.4016 4.898 24.34
3 14.00 141.3 317.5 0.4457 4.444 31.83
4 11.50 125.4 260.3 0.4826 2.994 41.96
5 9.00 127.9 315.0 0.4024 2.837 44.856 6.5 117.5 285.7 0.4094 1.857 62.937 4.00 38.1 192.1 0.1981 0.768 49.548 11.5 87.3 249.2 0.3407 2.866 29.62SE 14.5 30.6 0.0314 0.253 2.86
THE VALUES ABOVE ARE t/lEANS (WITH POOLEO SE) OF 3 REPLICATES OF 1 8IRD EACH

READING MODEL ANALYSIS
9 WEEK MEAN MAX. g g
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT 0 TO
(kg) Ikg) GAIN BODY- MAINT

<W) <g/bird.d) WEIGHT AIN 1kg
(awMAX) GAIN W FOR

(fi) 1 day
(b)

3.908 4.850 124.8 18.64 0.0053
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T A B L E  4 7 R E S P O N S E  O F  S  T O  I S - W E E K - O I D  T U R K E Y S  O F  D I F F E R E N T  

G E N E T I C  P O T E N T I A L  F O R  G R O W T H  R A T E  

( E X P E R I M E N T  131

b| Larga
Typa
Famalaa

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO (g/bird.d) RATIO
lg/kg) (g/bird.d)

1 85.7 233.3 0.3670 4.433 19.32
2 82.5 241.3 0.3452 3.981 20.92
3 88.9 234.9 0.3792 3.289 27.08
4 94.5 198.4 0.4740 2.287 41.30
S 69.8 220.8 0.3147 1.986 34.96
6 73.0 222.2 0.3279 1.444 50.45
7 27.0 154.0 0.1778 0.616 44.45
8 90.5 242.9 0.3746 2.793 32.58
SE 1 1.9 8.8 23.5 0.0340 0.277 3.68

THE VALUES ABOVE ARE MEANS (WITH F>OOLED SE) OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. 0 0
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(*wmax) GAIN W FOR

(â) 1 day
<b)

2.867 3.505 86.9 22.05 0.0049
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TAB LE 48 RESPONSE O F 9  T O  1 2 -W E E K -O ID  TU R K E Y S  O F DIFFEREN T 
G E N E TIC  P O TE N TIA L  FOR G R O W TH  R A T E  
{EXPERIM ENT 131

e) Small Typa
Mala«

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/bird d) RATIO Ig/blrd.d) RATIO
(g/kg) (g/blrd.d)

1 19.00 68.3 198.8 0.3471 3.740 18.27
2 18.SO 77.8 198.4 0.3907 3.274 23.68
3 14.00 85.7 214.3 0.4001 3.000 28.59
4 11.50 79.4 220.6 0.3596 2.537 31.27
5 9.00 70.7 203.1 0.3432 1.829 33.28
6 8.S 68.3 207.9 0.3249 1.352 49.98
7 4.00 30.2 150.8 0.2012 0.603 50.29
8 11.5 80.5 212.7 0.3806 2.425 33.29
SE 9.3 15.3 0.0262 0.164 3.33

THE VALUES ABOVE ARE vlEANS (WITH POOLEO SE) OF 3 REPLICATES OF 1 BIRO EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. g g
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
GAIN W FOR

(a) 1 day
<b)

2.792 3.400 78.0 19.54 0.0068
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T A B U  4 9 R E S P O N S E  O F  9  T O  12-W E E K -O L D  T U R K E Y S  O F  D IFFE R E N T
G E N E T IC  PO T E N T IA L  F O R  G R O W T H  R A T E  (E X PE R IM E N T  1 3 )

d) Small
Typa
Famalaa

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd dl RATIO (g/blrd.d) RATIO
(gAtg) lg/bird.d)

1 19.00 42.9 158.7 0.2716 3.018 14.302 16.50 52.4 160.3 0.3250 2.645 19.70
3 14.00 57.1 166.7 0.3393 2.333 24.24
4 11.50 52.4 181.0 0.2931 2.081 25.48
5 9.00 46.0 152.4 0.3025 1.371 33.61
6 6.5 54.0 171.4 0.314 1.114 48.41
7 4.00 38.1 154.0 0.2452 0.616 61.31
8 11.5 47.8 144.4 0.3281 1.661 28.53

SE 6.7 17.9 0.0319 0.218 3.43

the  values above are MEANS (WITH FOOLED SE) OF 3 REPLICATES OF 1 BIRD EACH

READING MODEL ANALYSIS*

9 WEEK MEAN MAX. 9 a
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT g TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
(* " » ,) GAIN W FOR

la) 1 day
lb)

2.150 2.618 50.3 13.72 0.0353

* Based on analysis of treatment means.

Relationships between lysine input and body-weiflht gain (Appendix Tables 32,

35, Figures 40, 4 1 ,4 2  and 4 3) were similar to those seen with experiment 12. There was 

a slight reduction in food intake compared with experiment 12, presumably because 

higher environmental temperature which resulted in lower lysine intakes and more 

points on the "slope" section of the body-weight gain curve. However the dangers in e e 

in having a small number of birds of each type on each diet is illustrated by diet 8  fed to 

the large type males. It will be seen in Figure 40  that body-w eight gain on this diet w as 

markedly out of line w ith expectations. Inspection of the individual pen (bird) data for the 

treatment, showed that one male ate very little food in the first week, perhaps because it 

had not learnt to use the feeder attached to the outside of the pen. For whatever reason, 

the result w as that at the end of the experimental period, its body w eight gain w as less 

than half that of the other tw o  pens representing the same treatment so depressing the
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FIGURE 41. EXPERIMENT 13. 9 TO 12 WEEKS - LARGE TYPE FEMALES,
LYSINE INTAKE (g/d) AND BODY-WEIGHT GAIN (g/d)
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treatment mean considerably. Diet 8 fed to the other types of bird gave gains similar to 

those of diet 4, the diet with the same lysine content.

The same growth depression at the highest levels of lysine consumption w as seen 

as in experiment 12, resulting in the Reading model indicating a lower level of maximum 

body-weight gain U W MAXi than achieved by birds on several of the diets. A s in experiment 

12, a Reading model analysis using data up to and including that lysine intake giving the 

greatest body-weight gain was carried out. The  results compared to the full data analysis 

are shown in Table 50 following.
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TA B LE 50 A  CO M P A R IS O N  O F  FU LL D A T A  A N A L Y S IS  BY 
T H E  R EADING M O D E L  W ITH  P A R T 
D A T A  AN ALYSIS* O F EXPERIM ENT 13

LARGE LARGE SM A LL S M A LL

TY P E TY P E TY P E TY P E

M ALES FEM ALES M ALES FEM ALES

M A X  B O D Y - 
W EIG H T GAIN 
(g/bird d)

FULL D A T A 124.8 86.9 78.0 50.3

PART D A T A 128.0 87.0 78.9 48.9

g LYSINE/kg 
B O D Y -W EIG H T 
GAIN (a)

FULL D A T A 18.64 22.05 19.54 13.72

PART D A T A 19.47 22.57 20.0 8 13.91

g LYSINE T O  
M A IN TA IN  1kg 
w  FOR 1 d (b)

FULL D A T A 0 .0 0 5 3 0.0049 0 .0 0 6 8 0 .0 3 5 3

PA R T D A T A 0.0021 0.0019 0.0 0 2 7 0 .0 3 1 3

g LYSINE PER 
M J  ME FOR 

a w m a x

FULL D A T A 0 .9 9 2 1.002 0 .8 3 0 0.471
PA R T D A T A 1.034 1.010 0 .8 3 5 0 .4 6 2

* Part data analysis -  this uses data up to and including that lysine intake 
giving the highest body weight gain in the trial.

As in experiment 12, a higher maximum body-weight gain, a slightly higher a value 

and lower J2 values are indicated using the part-data analysis. Using the part data analysis, 

which fits the data more closely than the full data analysis, for Reading B Runs, produced 

predictions (Figure 44) for experiments 12 and 13 which show  a close similarity in the 

predicted gain per g of lysine intake between the various types of bird.

There is an intriguing difference between the males, both large and small type, 

responses between experiments 12 and 13. Despite eating more food and hence nutrients,

117



125.0

1200

1150

110.0

105.0

100.0
950

90.0

850

80 0

75.0

70.0

650

60 0

550

500

45.0

40.0

35.0

30.0

25.0

200

15.0

100
5.0

0.0

E.I3/L/M

/

E.I2/L/M

»

H -
05

-4-
1.0

H ----- 1----- H
1.5 20  25

E.12/L/F 
■ E.13/L/F

E.I3/S/M

E. 12/S/M

E.12/S/F 
----- E.13/S/F

------ 1----------- 1----------- 1----------- 1-----------1-----------1-----------1----------- *-
3.0 3.5 4.0 4.5 5.0 5.5 0.0 6.5

L Y S I N E  I N T A K E

- f -
7.0

44. READING MODEL PREDICTIONS FOR LYSINE INTAKE (g/d)
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the males in experiment 12 achieved a lower maximum gain and were less food efficient 

than those of experiment 13. Experiment 12 took place in February w hen ambient 

temperatures were much lower than in M ay when experiment 13 took place.

The explanation may be associated with fat deposition differences. A t  the lower 

temperatures there may have been less M E available for fat deposition because of the 

increased maintenance requirements for M E. This explanation would require there to be 

a limitation on M E consumption.

The o of lysine per M J  M E required to  achieve maximum body-weight gam U W MAX) 

in experiments 12 and 13 and the means of the tw o experiments, based on part data

analysis are shown in Table 51.

TA B LE  51 TH E  LYSINE PER M J  ME IM P LICATED  BY EXPERIM EN TS 

12 A N D  13 ____ ____ _______________________

TYP E SEX a LYSINE PER M J  M E FOR a w ,

EXPERIM ENT
12

EXPERIM ENT
13

M EA N

LARGE
LARGE
SM ALL
SM ALL

M ALE
FEM ALE

M ALE
FEM ALE

0 .718
0 .692
0.7 0 3
0.5 1 7

1.034
1.010
0 .8 3 5
0 .4 6 2

0 .8 7 6
0.851
0 .7 6 9
0 .4 9 0

A t the start of this section, tw o  important questions were posed. First, does the 

genetic potential for growth rate influence the lysine response? Second, does t e g  

potential for growth rate improve the efficiency of lysine utilisation for grow th rate? 

bird with the lowest growth potential, the small type female, was apparently the most 

efficient, judged by the a value, in converting lysine into body weight. It seems likely t 

the effect of speed of growth is being confounded by changes in body compositio , to 

produce this result, with the small type female laying down more body fat w hich does not 

require lysine.

A n  interesting comparison can be made between the large type female and the 

small type male which have similar grow th rates at this age. Th e  mean a vales for the tw o
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experiments based on part data analysis was 2 0.79  and 20.8 2  for the large type females 

and the small type males respectively, indicating similar efficiency of lysine utilisation.

Judged by the g lysine per M J  M E required for maximum grow th rate shown in 

Table 51, the genetic potential for growth does influence the lysine required for maximum 

response, with the required ranking the same as the grow th potential ranking. It is 

reasonable to conclude that there is little justification in feeding diets differing in their tysine 

to ME ratio to the tw o sexes of the large type of turkey up to 12 weeks of age. Th e  small 

type males would appear to have a similar requirement. Their sisters, however, the small 

type females, would seem to required less g of lysine per M J ME from 9 to 12 weeks than 

their brothers to grow  to their maximum body-weight gain. It is difficult to assess the 

statistical significance of the differences but a reduction of almost 4 0 %  seems likely 

a real difference. More data is needed for small type females as only the lowest lysine level 

(diet 7) in the range used was deficient in lysine for these birds.

There are large differences between the indicated requirements of the birds 

between experiments. Th e  most likely explanation for the differences is the seasonal 

temperature with experiment 12 taking place in February and experiment 13 in M ay. There 

is a higher lysine requirement per M J ME in the warmer temperature because of a reduced 

food intake resulting from  a lower M E requirement for maintenance. Nevertheless, as 

shown in Figure 44, if the gain is expressed per g of lysine, the difference between 

experiments is small with predictions from experiment 13 indicating a slightly higher gain 

per g of lysine. It is a further indication of the importance of stating requirements 

ultimately as quantities rather than percentages or ratios.

2. The Turkey's Previous Plane of Growth

A s explained earlier it has been shown (Auckland, £l_a!« 1969) that if a turkey s 

growth is retarded early in life, it has the ability to catch up lost grow th in a later grow th 

phase. This is known as compensatory or catch up growth and it has been suggested that
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the efficiency of protein utilisation is improved when compensatory grow th occurs. Th e  

■catching up" growth occurs mainly w hen the growth rate would have been slowing down 

if the birds had been growing normally. More information is required on the lysine 

requirements of growth retarded birds given the opportunity to catch up prior to the period 

of peak growth rate. Do the retarded birds have the same potential for growth? D o they 

have the same lysine conversion efficiency as normally grown turkeys? Can the retarded 

birds respond to higher levels of lysine than normally grown turkeys? In an attempt to 

answer these questions, tw o  experiments, numbered 14 and 15, were carried out.

Experiment 14

Objective

T o  assess the lysine response from 6 to 9 weeks of male turkeys reared on tw o 

different planes of nutrition prior to 6  weeks of age.

Materials and Methods

Big 6 Female Line Cross male turkeys were used for the trial. Th is  strain of turkey 

has a slightly higher growth potential than the B U T 6 Female Line Cross turkeys used in 

earlier trials. Th e  change was unavoidable as the former cross had been replaced in the 

British United Turkey's breeding programme by the latter cross.

T w o  hundred and thirty four male poults were fed ad libitum 8 starter crum b |280g 

protein/kg and 1 1.9 6  M J  ME/kg) from 1 day old to 5 weeks 6 days of age to provide birds 

grown on a high plane of nutrition.

T o  provide birds grow n on a low  plane of nutrition, 2 3 4  male poults were fed a 

relatively low  protein starter diet |250g protein/kg and 1 1 .9 6  M J  ME/kg in crum b form until
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26 days of age. Th e y  then w ent on to a low protein grower diet (220g protein/kg 11.96  

M J ME/kg) in pellet form until 5 weeks 6 days.

A t 5 weeks 6 days, the birds were moved to the experimental house at Kinnerton 

Farm. One hundred and ninety tw o  birds on each plane of nutrition were housed out of the 

tw o hundred and tw enty eight birds available. T o  reduce the numbers, the smallest birds 

were rejected to avoid the risk of females being included in the trial.

In the experimental design, the tw o  outside rooms were treated as one housing 

section and the tw o inner rooms treated as one housing section. The  similar blocks of pens 

within the tw o rooms in each housing section were combined to provide 3 blocks of 16 

pens within each housing section. Within the 16 pens, the eight diets of different lysine 

content were allocated at random among pens so that each was fed to one pen of birds of 

each pre-feeding treatment. Four birds were placed in each pen, so that there was 384 

birds in all. The experiment therefore consisted on 8 diets x 2 previous planes of nutrition 

x 3 blocks x 2 housing sections spread over 96 pens.

The food was recorded and the birds individually weighed at the start and end of 

the three week experimental period. A n y pens in which a bird died were omitted and a 

missing plot technique used in the statistical analysis.

The eight diets fed were identical formulations to those used in experiments 3 and 

4 which covered similar ages to the birds used in this experiment but were made in a 

different batch.

Results

Of the 96 pens, 3 pens were omitted from the statistical analysis because of 

mortality. W hen birds died in tw o  adjacent pens early in the trial, post rPQrtcnn 

examinations were carried out and these indicated coccidiosis. A s a result all birds in the
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experiment were treated w ith  a coccidiostat drug, Saquadil, via the water for 4  days. No 

further problem was seen.

The pre-experimental period feeding was successful in producing tw o  groups of 

birds which differed substantially in their 6 week body weights. Th e  group fed on the 

standard feed programme weighed 1.458kg whereas those on the lower plane of nutrition 

weighed 1.232kg, a reduction of 1 5 .5 % . This is the equivalent of almost 1 week's 

difference in age, ie. the slow grown group were similar in body weight to normal 5-w eek- 

old birds although they were 6 weeks old.

With four birds in each pen, more excreta were produced in each pen than in 

previous trials. A t  the end of the trial, some pens were obviously wetter than others, with 

a frothy yellow scour being present. The contrast between w et and dry pens was so 

evident, it was decided to score the pens as dry or wet. This was carried out by tw o  

people working together. Th e y did not know which treatments had been allocated to 

which pen. The  scores are shown in Table 52.

T A B U  52 U T T E R  SCO R ES R ESULTIN G FROM  T H E  D IE TA R Y  T R E A T M E N T S  ||

PIET NO 1 2 I 3 4 1 & 6 7 8

Lysine k/kg 19.0 16.5 14.0 11.5 9.0 6.6 4.0 11.5
Protein g/kg 46.4 40.6 35.0 29.3 23.6 17.9 12.2 23.6
Number of drv
pens 0 0 1 8 11 12 12 12

Number of wet
pens 12 12 11 4 1 0 0 0

Wet pen« as %
of total pent 100 100 91.7 33.3 8.3 0 0 0

It would appear that the higher the protein level in the diet, the more likely was the 

occurrence of w et litter. Moran (1983) reported that diets higher in protein content 

produced wetter litter than diets of lower protein content. A s  the diets also differed in their 

ingredient content, the w et litter problem may have been associated with the level of one 

ingredient in the diet. Th e  particular ones which must be suspected in this instance are 

soya bean meal and maize gluten meal, both of which increased as the protein level in the 

diet increased. A s  the excreta had a frothy characteristic, it seems likely that a
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fermentation process was involved presumably as a result of an alteration in the out 

bacteria. While it seems likely that the cause of the frothy, yellow scour may have 

depressed body-weight gains, it would not have appeared to have altered the slope (1/a) 

of the lysine response curve. Pens of birds fed on diet 4 showed the highest body-weight 

gains in both groups and one third of these were classified as having w et litter. O n average 

the body-weight gain of birds on this diet in pens where the litter was w et were 2 .4 g  less 

than those birds from pens on diet 4  where the litter was classified as dry. Thu s the 

plateau (maximum weight gain) will have been influenced slightly by this problem.

The body-weight gain and food intake data are summarised in Tables 53 and 54 and

illustrated in Figures 45 and 46.

TA B LE RESPONSE O F  M A LE  TURKEY'S FRO M  6  T O  9 W EEK S. REARED O N
53 T W O  D IFFER EN T PLANES O F N U TR ITIO N  PRIOR T O  6 W EEK S O F

A G E  (EXPERIM ENT 14)

»1 High Plan* of Nutrition
Prior to 6 Waaka of Aga

DIET NO LYSINE BODY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN |g/bird d) RATIO (g/blrd.d) RATIO
lg/kg) (g/bird.d)

1 19.00 63.9 155.3 0.4115 2.950 21.66
2 16.50 68.4 156.0 0.4256 2.573 25.81
3 14.00 69.0 162.5 0.4246 2.271 30.38 H
4 11.50 73.7 163.4 0.4510 1.879 39.22 1
5 9.00 48.3 139.7 0.3457 1.257 38.42 H
6 6.5 46.1 137.6 0.3350 0.894 51.57
7 4.00 15.7 93.1 0.1686 0.375 41.87
8 11.5 70.0 164.3 0.4260 1.889 37.06

SE 7.5 11.9 0.0298 0.150 4.44

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 4 BIRDS EACH

READING MODEL ANALYSIS

6 WEEK MEAN MAX. 0 0
BODY BODY BODY- LYSINE /k LYSINE

WEIGHT WEIGHT WEIGHT 0 TO
(kg) (kg) GAIN BODY- MAINTA

(W) (g/blrd.d) WEIGHT IN 1kg • 1
(*w« « l GAIN W FOR

(a) 1 day
(b)

1.458 1.928 68.5 22.86 0.0042
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T A B L E  5 4 R E S P O N S E  O F  M A L E  T U R K E Y S  F R O M  S  T O  9 W E E K S .  R E A R E D  

O N  T W O  D I F F E R E N T  P L A N E S  O F  N U T R I T I O N  P R I O R  T O  6  W E E K S  

O F  A O E  ( E X P E R I M E N T  1 4 )

b| Low Plano of Futrltlon
Prior to 6 Waaka o f  Ago

DIET NO LYSINE FOOD GAIN: LYSINE GAIN:
CONCE BODY- INTAKE FOOD INTAKE LYSINE
N- WEIGHT (g/bird d) RATIO Ig/bird.d) RATIO
TRATIO GAIN
N (g/blrd.d)
(«Agl -------------------- «

1 19.00 64.9 139.5 0.4352 2.659 24.41
2 18.50 71.6 149.6 0.4788 2.468 29.01
3 14.00 75.0 154.1 0.4867 2.157 34.77
4 11.50 75.9 158.6 0.4786 1.624 41.61
5 9.00 59.4 144.5 0.4111 1.301 45.66
6 8.5 44.4 125.2 0.3546 0.814 54.55
7 4.00 15.7 76.8 0.2044 0.307 51.14 B
8 11.5 77.8 157.8 0.4918 1.815 42.75

SE 7.1 11.8 0.0277 0.147 4.47

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 4 BIRDS EACH

READING MODEL ANALYSIS

6 WEEK MEAN MAX. 9 9
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT 0 TO
(kg) (kg) GAIN BODY- MAINTA

(W) (g/bird.d) WEIGHT IN 1kg
GAIN W FOR
(a) 1 day

lb)

1.232 1.721 73.4 20.29 0.0046

Th e  data shows good response curves for both Qroups of birds. There is, however, as 

some previous experiments, evidence of growth depression at the high lysine levels. The 6 

was no significant difference in body-weight gain in either group between the diet 

supplemented with added L-lysine (diet 81 and the diet containing the same amount of tota 

lysine (diet 4 ) confirming that the diets were limiting in lysine. Lysine input and o y  

weight gain output predictions derived from the Reading model (Appendix Ta b  es 3 

37 when plotted against observed results (Figures 45 and 4 6 ) show  that those 

previously on a lo w  plane of nutrition reached a higher plateau in maximum body w e'ght 

gain U W MAJ()  than those birds previously on a high plane of nutrition, (7 3 .4  v  6 8 .5g per bird 

d). A s a result, at 9  weeks of age there w as little difference in body weight between the 

birds which had achieved maximum body-w eight gain of the tw o  groups. A t  6  weeks of 

age those previously on a low  plane of nutrition weighed 1 5 .5 %  less than those previously
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on a high plane of nutrition (1 .232kg v  1.458kg). By 9 weeks of aoe, the Reading model 

analysis, which fitted both sets of data closely, indicated that, between those groups 

grown to the maximum body-weight gain, the difference had decreased to 4 .3 %  (2 .7 7 3  

v  2.896kg). It also indicated (see Figure 47) and the g values confirm that more body- 

weight gain was achieved per g  of lysine intake by those birds previously on a lo w  plane 

of nutrition than by those previously on a high plane.

If whole body analysis had been carried out on the birds, it may have explained 

most of the difference in lysine efficiency between the tw o  groups. It would be explained 

if the birds on a low plane of nutrition at 6 weeks of age had a body composition low er in 

non-lysine requiring tissues i.e. skeletal and fat tissue. Even at 6 weeks of age, the male 

turkey would normally contain around 4 .5 %  of its body weight as fat (Leeson 

Summers, 198d). in appearance, those previously on a low  plane of nutrition had a smaller 

skeletal structure i.e. their legs were shorter and smaller as was their total body height and 

width. By 9 weeks of age this obvious difference had disappeared in the groups grown to 

their maximum body-weight gain. During the experimental period, therefore, in the low  

plane of nutrition group there must have been considerable catch-up skeletal grow th. If 

a higher proportion of the body-weight gain was skeletal tissue in the birds previously on 

a low  plane of nutrition, it would help to explain their apparent improved efficiency in lysine 

utilisation. An alternative or additional explanation may relate to differences in fat 

deposition. The birds previously on a low plane of nutrition may have had to overconsume 

energy relatively in order to  satisfy their lysine requirements to enable them to develop 

normally. Unfortunately analysis of body tissue at the start and end of the experimental 

period was not possible. The  possibility that the birds previously on a low  plane of nutrition 

used the lysine more efficiently should not be ignored.

There is no indication that for this age period a higher lysine to M E ratio is required 

in the diet of birds previously on a low  plane of nutrition. In fact the indicated ratio is 

slightly less for the low  plane than the high plane birds i.e. 1.011 and 1 .033g lysine per M J  

ME, respectively. Again there was a trend towards reduced body-weight gain at lysine
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intakes higher than those required for maximum body-weight gain. This subject will be 

discussed further subsequently.

Experiment 15

Objective

To assess the lysine response from 9 to 12 weeks of male turkeys reared on two 

extremely different planes of nutrition prior to 9 weeks of age. In this experiment it was 

intended that the initial 9-week body weights would be sufficiently different so as to make 

it unlikely that those previously fed on the low plane could attain the same 12-week body 

weight as those previously fed on the high plane. The birds, therefore, while being the 

same age, would be at different physiological stages of development, even at the end of 

the experimental period.

Materials and Methods

Big 6 Female Line Cross male turkeys were used for the trial. The two planes of 

nutrition, high and low, were obtained by taking birds from the appropriate treatments at 

the end of experiment 14. The high plane treatments birds were obtained from the 

treatments giving the highest 9-week body weights. These were birds previously fed on 

a high plane of nutrition to 6 weeks of age and subsequently fed diets 1, 2,  3 or 4 (lysine 

contents 19.00, 16.50, 14.00 and 11.50g/kg respectively) plus some birds previously fed 

on diet 8 ( 1 1 .50g lysine/kg) to make up numbers. The low plane treatment birds were 

obtained from the treatments giving the smallest 9-week body weights in experiment 14. 

These were birds previously fed on a low plane of nutrition to 6 weeks of age and 

subsequently fed diets 5, 6 and 7 (9.00, 6.50 and 4.00g lysine/kg respectively) and birds 

on diet 7 previously fed on a high plane of nutrition to 6 weeks of age. The numbers were 

made up with birds on diet 6 previously fed on a high plane of nutrition to 6 weeks of age. 

The resulting starting body weights of the two groups differed greatly, the high plane being

126



3.143kg and the low  plane being 2.010kg. A s the high plane groups were obtained from 

the plateau area of experiment 14, they were more uniform than the low  plane birds 

obtained from the growth response area of experiment 14. The  coefficient of variation of 

the high plane group w as 6 .9 %  while that of the low plane was 1 5 % . The  body weight 

of low-plane birds was the equivalent weight of a 7 weeks 1 day old turkey fed on a normal 

plane of nutrition.

T w o  birds were placed in each pen. Within each previous plane of nutrition 

treatment, birds were allocated to pens in such a w ay as to try to reduce the variation 

between total body weights per pen. The  experimental design, procedures and diets were 

the same as those of experiment 14.

Results

Of the 96  pens, 4  pens were omitted from the statistical analysis because of 

mortality. W ith only 2 birds to a pen, the droppings load w as much less than in experiment 

14 and the litter remained dry in all pens. It was not therefore possible to assess the 

on the litter of different diets as in experiment 14.

The body-weight gain and food intake data are summarised in Tables 55 and 56. 

The data show good response curves (Figures 48 and 49) with a good balance between 

data on the incremental and plateau sections of the curve. Lysine input and body weight 

gain output prediction derived from the Reading model (Appendix Tables 3 8  and 3 9 ) w hen 

plotted against observed results (Figures 48 and 49) show  a different situation to  that seen 

in experiment 14. In this experiment the birds previously on a high plane of nutrition 

reached a higher plateau in maximum body-weight gain (aW max) than those previously on 

a low plane of nutrition, (1 1 5 .6  and 107 .2g per bird d respectively).
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T A B L E  5 5 R E S P O N S E  O F  M A LE  T U R K E Y S  F R O M  9  T O  1 2  W E E K S ,  R E A R E D  

O N  T W O  D I F F E R E N T  P L A N E S  O F  N U T R I T I O N  P R I O R  T O  9  W E E K S  

O F  A G E  { E X P E R I M E N T  1 5 )

a) High Plana of Nutrition
Prior to 9 Weaka of Ago

DIET NO LYSINE BOOY- FOOD GAIN: LYSINE GAIN:
CONCEN- WEIGHT INTAKE FOOD INTAKE LYSINE
TRATION GAIN (g/blrd d| RATIO (g/bird.d) RATIO
(g/kg) (g/blrd.d)

1 257.3 0.4295 4.889 22.60
2 19.00 110.5 267.3 0.4343 4.410 26.33
3 16.50 116.1 279.4 0.4388 3.911 31.35
4 14.00 122.6 271.0 0.4276 3.117 39.72
5 11.50 115.9 271.2 0.3636 2.441 40.39
8 9.00 99.6 234.1 0.3349 1.522 51.51
7 8.5 78.4 198.8 0.1756 0.759 43.90
8

4.00 34.9 315.2 0.3690 3.627 32.07
SE 11.5 116.3 23.3 0.0351 0.237 5.64

11.1

THE VALUES ABOVE ARE fAEANS (WITH POOLED SE) OF 6 REPLICATES OF 2 BIRDS EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. 0 0
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT 0 TO
(kg) (kg) GAIN BODY- MAINT

(W) (g/bird.d) WEIGHT AIN 1kg
Uw***) GAIN W FOR

(a) 1 day

(fe>

3.143 3.977 115.6 21.39 0.0063
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TABLE 56 RESPON SE O F  M A LE TU R K E Y S  FRO M  9  T O  12 W EEKS.
O N  T W O  DIFFEREN T PLANES O F N U TR ITIO N  PRIOR T O  6  W EEKS 
O F  A G E  (EXPER IM EN T 15) ------------------------------------------------------------— —

b) Low Plana of N 
Prior to 9 Waaka

jtritlon 
>f Ago

DIET NO LYSINE
CONCEN
TRATION
Ig/Vg)

BODY-
WEIGHT
GAIN
(g/bird.d)

FOOD 
INTAKE 
(g/blrd d)

GAIN:
FOOD
RATIO

LYSINE
INTAKE
(g/blrd.dl

GAIN:
LYSINE
RATIO

1
2
3
4
5
6

7
8

SE

1 9 . 0 0
1 6 . 5 0

1 4 . 0 0
1 1 . 5 0

9 . 0 0  
6 . 5

4 . 0 0  
1 1 . 5

1 0 7 .1
1 0 8 . 5

9 8 . 8  
1 0 2 . 8

8 9 . 5
5 2 . 4

2 9 . 8  
1 1 0 . 3

7 . 2

2 3 3 . 7
2 2 5 . 4

2 0 6 . 7  
2 1 8 .1
2 1 9 . 6
1 4 3 . 6

1 4 1 . 5  
3 0 4 . 4

3 0 .1

0 . 4 5 8 3
0 . 4 8 1 4

0 . 4 7 8 0
0 . 4 7 1 3
0 . 4 0 7 6
0 . 3 6 4 9

0 . 2 1 0 6

0 . 3 6 2 3
0 . 0 3 4 0

4 . 4 4 1
3 . 7 1 9

2 . 8 9 4
2 . 5 0 8

1 . 9 7 7
0 . 9 4 6
0 . 5 5 4

3 . 4 8 9
0 . 3 8 0

2 4 . 1 2  B 
2 9 . 1 7  g 

3 4 . 1 4  g 
4 0 . 9 9  g 
4 5 . 2 7  
5 5 . 3 9  
5 3 . 7 9  
3 1 . 5 2  

4 . 0 0

THE VALUES ABOVE ARE MEANS (WITH POOLED SE) OF 6 REPLICATES OF 2 BIRDS EACH

READING MODEL ANALYSIS

9 WEEK MEAN MAX. 0 g
BODY BODY BODY- LYSINE/k LYSINE

WEIGHT WEIGHT WEIGHT 0 TO

(kg) (kg) GAIN BODY- m aint

(W) (g/bird.d)
(aWhax)

WEIGHT
GAIN

(fi)

AIN 
1kg W 
FOR 1 

day
<b)

2 . 0 1 0  2 . 7 2 3  1 0 7 . 2  2 1 - 6 7

This contrasts with experiment 14, where the birds previously on a low  plane ach'e 

higher maximum gain. In experiment 14, the difference in body weight of birds on the low  

plane from those on the high plane was small at the end of the feeding period (9 weeks) 

compared with the difference in body weights at the start (6  weeks). In experiment 15, 

the difference between the body weights of these groups increased in absolute terms 

between 9 and 12 weeks. Rather than "catch-up" growth occurring, the reverse occurred.

It seems probable that this difference seen between the experiments is related to 

the difference in severity of the low  plane of nutrition. In experiment 14, the lo w  p a e 

nutrition had been applied in the first 6 weeks of life and resulted in a 1 5 .5 %  reduction In 

body weight. In experiment 15, the low  plane of nutrition was applied for the first 9 weeks 

and from 6 to 9 weeks had been severe. A s  a result, the body weight of those on the low
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plane of nutrition at 9 weeks was 3 6 %  below that of the birds on the high plane of 

nutrition.

In experiments 1. 2, 3. 4 and 5, it was demonstrated that the maximum body- 

weight gain increased with age up to 12 weeks. From the Edinburgh growth model (F s  

and Emmans, 1983) the stage of development may be calculated as W,/A where W t -  

body weight W  at time , and A  -  body weight at maturity. On this basis, the turkeys on 

the low plane of nutrition will have been at a much earlier stage of maturity at 9 weeks of 

age than those oreviously on the high plane of nutrition. As such therefore, it seems likely 

that t h e i r ^ ^ T o t e n t i a l  body-weight gain U W MAX) was less than that of birds on the high 

plane of nutrition, and this has been borne out by experiment 15. Th e  same a gu 

should have applied to the situation in experiment 14 but the reverse occurred. It m ay be 

that for the stage of maturity to be affected, the degree of body weight reduction must 

exceed a certain threshold which was not exceeded in experiment 14 but was 

experiment 15.

Alternatively there may be a physical factor involved, ¥11 the quantity (volume) of 

food that the bird may consume related to its body weight. There must be a limit to the 

amount of food that a crop can contain and it seems probable this is related to the body 

weight of the bird. Th e  food consumed per bird day prior to the start of the experiment is 

known from the data obtained in experiment 14. Those birds previously on a high plane 

of nutrition had consumed on average 160g food per bird day for the three weeks prior to 

the start of the experiment, whereas those birds previously on a low  plane of nutrition only 

consumed 110g per bird d, a reduction of 31 % . The  subsequent food intake at the start 

of the experiment will be related to the previous food intake. While the highest dietary 

lysine level would appear to be more than 3 1 %  higher than that required for maximum 

body-weight gain, all the diets were formulated to be iso-energetic, so it is likely there was 

approximately a third less M E consumed at the start of the experiment by the birds 

previously on a low  plane of nutrition than those previously on a high plane of nutrition. 

While the birds might be expected to try to increase their M E intake to meet requirements.

130



it is unlikely that the crop carrying capacity could be expanded by the required amount 

quickly. While the adjustment was taking place, those birds previously on the high plane 

of nutrition would have increased their body weight advantage which in turn would be 

causing their food intake to increase, further increasing their advantage over the low  plane 

treatment. Whatever the explanation those birds previously on a high plane of nutrition to 

9 weeks were able to attain a higher body-weight gain from 9 to 12 weeks than those birds 

previously on a low plane of nutrition. Beyond 12 weeks of age, the maximum potential 

body-weight gain U W MXX) decreases (Experiments 6, 7, 8, 9, 10 and 11) so that birds 

previously on a low plane of nutrition at that stage, being at a younger stage of maturity 

m ight be expected to have a greater potential for body-weight gain and so be able to 

demonstrate some "catch-up" growth, as reported by Auckland et al (1 96 9 ).

Figure 50 shows that the lysine utilisation for body-weight gain was the same for 

both groups over the slope (1 /a) section of the response curve. The  birds previously on the 

high plane of nutrition reached a higher maximum body-weight gain. Th e  indicated 

requirement of g lysine/MJ M E for the birds reared on tw o different planes of nutrition prior 

to 6 weeks was :

HIGH P L A N E  0.941 g ly s i n e / M J  M E

L O W  P L A N E  0 .9 7 2 g  ly s i n e / M J  M E

The higher lysine requirement of the birds previously on a low  plane of nutrition would 

support the proposition that they were at an earlier stage of maturity.

On the basis of experiments 14 and 15, the severity of the reduction in plane of 

nutrition will influence the ability of the birds to exhibit "catch-up" grow th before 12 weeks 

°f age. It will also influence the lysine requirement to achieve the potential body-weight 

flam. Figure 51 illustrates that in terms of g lysine required per g body-weight gain, 

®xperiment 15 indicated a similar efficiency for both treatments to that achieved by the 

average of the tw o treatments in experiment 14. However when the restriction is severe
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as in experiment 15, more g lysine per M J ME are required by the restricted birds to exhibit 

maximum gain than is required by the normal birds. W ith a less severe restriction, as in 

experiment 14, the restricted birds did not require a higher lysine concentration than the 

normal birds to exhibit maximum gain.
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CHAPTER FOUR

Discussion



TH E  EXPERIM ENTAL TE C H N IQ U E

a) The length of the experimental period

The length of the experimental period will influence the results, particularly the 

curvature of the response line. Over the three-week period of the experiment, some d’ets 

initially providing inadequate quantities of lysine, will become adequate by the end 

experimental period, as the requirement decreases with age. This will produce curvature 

in the response to amino acid intake in addition to the curvature due to variation between 

individuals at a moment in time, discussed in Chapter 2 and illustrated in Figure 6.

The weighing of an individual live animal will contain an element of inaccuracy 

caused by the animal's movements. In addition crop fill may vary during the course 

day and may not have been identical at the start and end of the experimental period. There 

will also be an inaccuracy due to the method of recording the weight. Th is  w as less 

experiments 1 and 2 w hen an electronic scale was used. However, in the other 

experiments, the size of the turkeys dictated that a spring balance was necessary. Th 's  

meant that a judgement had to be made as to what weight the balance had settled at.

The summation of the areas of inaccuracy in weighing could therefore represent the 

equivalent of one day's body-weight gain by the bird in extreme incidences. A s  the length 

of the experimental period is increased, so the influence of this error is decreased. This 

must be counterbalanced by the problem of the bird’s requirement changing with age 

discussed earlier. Th e  coefficient of variation of body-weight gain in the experiments varied 

between 10 and 1 6 %  which is higher than one hoped for. This may in part be due to the 

weighing in accuracies discussed above. Nevertheless, to have extended the length of the 

experimental period beyond three weeks would have run the risk of the age affect 

influencing the curvature markedly. W ith the benefit of hindsight, the chosen experimental 

period of three weeks would appear to have been a suitable compromise.
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b. The experimental diets

As a result of the lysine levels used in the experimental diets, the distribution of 

data points over the response curve was less than ideal in several of the experime 

part, this can be explained by the economic necessity to use the same set of diets 

several experiments scanning a range of ages. However, the situation w as aggravated by 

the emphasis placed when designing the experimental diets on ensuring that a plateau 

response could be clearly demonstrated, so avoiding the criticism made in the 

chapter of some other research work on the subject. As a result often more diets than 

were necessary gave data points on the plateau section of the response curve a 

in effect, wasted diets.

This became even more apparent when the data were analysed on the Reading 

model. By a succession of analysis runs omitting data points falling on the plateau sect o 

it became apparent that the model takes little or no account of these data points 

assessing the response slope (1/a) but the data points are used in assessing the maximum 

body-weight gain, U w MAX). A s  there was often growth depression as lysine intakes 

increased along the plateau section, the extra data points led to underestimation by the 

Reading model of U w MAX) judged by the highest level of gain, and the danger of 

underestimating the lysine intake necessary to achieve maximum gain which is a criticism 

of the broken line method of analysis.

A  conclusion which can be drawn from these experiments when designing future 

experiments in which it is planned to analyse the data with the Reading model, is the value 

of trying to assess the likely level necessary to achieve quite accurately and then 

designing only tw o  diets out of a series of seven or eight diets which might be expected 

to fall on the plateau. It is more preferable to assess the slope (1/a) accurately than to 

ensure that the plateau has been achieved beyond doubt because the extra data points 

apparently necessary to achieve this may be misleading.
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c. The experimental design and analysis

Experimenters are often faced with the dilemma of either using large pens with 

more birds and fewer replications or an Increased number of replications but each with 

fewer birds or even, on occasions, individual birds.

An analogy can be drawn in these experiments where either the mean treatment 

value derived from the sum of the replicates would be used in the Reading model or each 

individual replicate used as a data point. It will be appreciated by the reader that t 

experiments involved a large number of Reading model analyses with the data presented 

in a variety of ways. Using the mean treatment values often did not result in a good -fit* 

of the model to these points which was even more apparent when contrasted w ‘ 

individual replicate data points. If only a few data points, as in the case 

means, were available on the response section of the curve, it was very apparent that t 

data relating to the lowest lysine intake had a disproportionate effect on the resulting 

Reading model analysis of the response slope. The more data points falling on the response 

section of the curve, the less the influence of individual data points at the lower end of the 

response slope. It is concluded that if it is intended to analyse the resulting data 

Reading model, it is much preferable to use an increased number of replicates even 

expense of bird numbers rather than fewer replicates with more birds per replicate.

In defining the requirement level to achieve maximum body weight gain, it is 

important to define the curvature approaching the plateau in response accurately. Th is  can 

be defined more accurately if a large number of replicate data points are available. W hen 

only a few data points are available as in the case when a fewer number of large pens are 

used rather than many small pens, there is the ever present risk that the tw o  treatments 

closest to the curvature area will straddle the area in such a w ay as to indicate a misleading 

curvature. A n  example of this would be if the first treatment lying on the plateau section 

of the curve fell at a point noticeably after the plateau had been achieved. W ithout the
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benefit of several data points lying in this area, the Reading model's definition of the 

curvature would be erroneous.

In view of possible variations within the experimental rooms and between rooms, 

the treatments were distributed among three block areas within each room. Th e  analysis 

of variance indicated that only a small proportion of the variance seen could be attributed 

to these housing factors and that there were no significant differences between the rooms 

or between blocks within rooms. M ost of the variance w as attributed to the nutritional 

treatments. In experiments such as were carried out where large nutritional treatment 

differences are required in order to define the slope of the response, there would appear 

to be less need to be concerned about attributing other sources of variance as they will be 

of little account as a proportion of the total variation seen.

D IE T FO R M U LA TIO N  A N D  A N A L Y S E S

(a) The  Diet Specification

For practical reasons, it w as not possible to make less than one tonne of any 

summit or basal mixture. Due to the comparatively small amount of food required in each 

experiment, it was necessary for economic reasons to use the same experimental diets in 

several experiments. Since lysine requirements as a proportion of the diet decrease with 

increasing age of the turkey, when the diets were used over tw o  age ranges eg. 

Experiments 12, 13, 14 and 15. the range of lysine concentrations covered by the diets 

included fewer in the deficient range (ie. on the response slope) in the older age than in the 

younger age period.

A s stated earlier in this discussion, the experimental diets would have benefited 

from less emphasis on ensuring that sufficient diets gave data on the plateau region. Th e  

ideal spread of seven diet responses would appear to be four on the response slope, one 

around the point of inflection and tw o clearly on the plateau. M ost experiments had at
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least three points on the plateau so at least one experimental diet was not used to its best 

potential. With hindsight, there was no need for the incremental steps between treatments 

to have been equal. By varying the size of the increment, diets could have been ta g 

to increase the number of diets in the more sensitive areas of the response curve i.e. the 

low intakes at the bottom of the curve and approaching the plateau.

(b) The response to the Added Free Lysine Diet

In each experiment an additional diet, diet 8, to those obtained from combinat'o 

of summit and basal diets was fed. This diet was one of the experimental diets to 

free lysine was added such that its total lysine concentration was equivalent to that 

next diet in the series. Th e  purpose of this diet was to verify that the growth resp 

seen was in response to lysine rather than another nutrient.

In the diets used for experiments 3 and 4, by mistake free lysine was added at 

twice the intended concentration. Nevertheless, the data would indicate (Figures H a d  

15) that there was a growth response to the whole addition of free lysine, dem onstratng 

the extent of the lysine deficiency in the diets.

In all responses except one, the data points for diets containing added free lysine 

were on the same response line as other diets in the same section of the response curve 

in the same experiment, confirming that the diets were first limiting in lysine. Th e  

exception, the large type males in experiment 13, consisted of only three Individual 

replicate birds and was probably a chance occurrence, as the other types of birds and the 

large type males in experiment 12 on the same diet, all showed responses consistent with 

lysine deficiency as described above. T o  allow for the higher absorption in the intestine of 

synthetic or free lysine relative to that in natural ingredients, the added free lysine was 

given an equivalent total lysine value of 900g/kg in calculations, notwithstanding the fact 

that the minimum guaranteed L*lysine in commercial synthetic lysine is 784.4g/kg. Some 

confirmation of the value of the validity of this approach is evident from the fact that the
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data points for diets containing free lysine, when calculated using this value, were on the 

same response line as predicted from the other diets in all responses except one.

c. The Analysis

When the summit and basal diets were formulated, the analysed protein contents 

of the main ingredients were very similar to the calculated values. Nevertheless, 

subsequent analysis of the mixtures (Appendix Tables 6 and 8) showed more variation 

between calculated and determined protein and lysine levels than had been hoped for 

some mixtures. This was especially so of the basal mixtures, for which values tended 

be higher than calculated. Values for the other amino acids tended to be even higher than 

respective calculated values than was the case for lysine in all mixtures. Lys'ne s 

therefore have always been the first limiting amino acid. The  growth responses see 

diet 8, the diet with added free lysine would confirm this.

There was also considerable variation between laboratories in the determined 

protein levels of the same mixture, e.g. the three laboratory results for summit and basa

mixtures A , mix 1. Laboratory 2, also analysed all the blended diets using an ion-exchange

. . • j  i • * The individual diets varied considerably inprocedure for ammo acid analysis of the diets. ■ ne muiviuu

their comparison with calculated values.

The method of blending summit and basal mixes should have been accurate. The  

mixtures were first of all weighed into 25kg bags to an accuracy of 0 .1kg. Th e  required 

number of bags of each mixture were then tipped into the mixer. Empty bags were 

retained to check the count of each mixture. Despite these precautions, the variation 

between determined protein and lysine levels and those calculated for each diet was 

considerable. Variation due to sampling is a problem but it also seems likely that laboratory 

technique is a significant contributor to the variation seen between diets in their calculated 

and determined values. Evidence for this statement can be seen in Table 57.
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TAB LE 57 A  CO M P A R ISO N  O F T H E  DETER M IN ED V A L U E S  O F  T W O  S E JS  
O F  SA M PLES FROM  D IETS  U S ED  IN ^ PJ ^ ^ T S  5, 6 A N D  7 
A N A L Y S E D  BY T H E  SA M E L A B O R A TO R Y  (APPEN DIX TA B L E  3  
G IVES C A L C U L A TE D  LYSIN E V A L U E S ) -------------------------------------------------------

PROTEIN (g/kg) LYSINE Ig/kg) CALCULATED

DIET NO. Pelleted
Sample

Maeh Pelleted
Sampla

Maah
Sampla

Profein
Ig/kg)

L veine 
Ig/kg)

1
2
3
4
5
e
7
8

433.9
402.7
349.5
300.8 
242.4
195.6
138.6
239.7

436.2
396.2
321.8
286.9
246.0 
192.4
135.0 
245.7

18.8
15.6
14.3
11.9

9.6
7.2
5.3 
9.4»

17.6
16.4
14.2 
11.9
10.3
7.4
5.5 
9.5*

468.0
411.0 
353.4 
294.9
236.7
179.0
121.8 
238.7

19.0
16.5
14.0
11.5

9.0 
6.5
4.0

11.5

• Added free lysine not detected by laboratory analysis technique.

The samples differed in that one was pelleted and the other was an unpelleted 

meal. They were obtained from the same mix of diets. It will be seen that while there was 

good agreement between some analyses, in others the variation was considerable. 0  

the lysine differences were not correlated with the protein differences.

There wee usually a considerable .¡me lag between submitting samples for analysis 

and receiving ,h .  completed analyses, and In some cases difficulties with technique

* . u .  arid« It was difficult to follow these upproduced incomplete analyses of sulphur ammo acias. t

later. With hindsight, given that there is a limit to the number of analyses that can be 

carried out. the better solution would have been to accept that the correct proportions of 

each mixture were present in each diet on the evidence of the precaution, taken. The  

effort could then be concentrated on the summit and basal mixtures, using more t 

laboratory and have several analyses carried out by each laboratory on samples of the s 

mixture. The mean values could then have been used with some confidence to  calcu ate 

the actual contents of the diets. These could then have been used In the Reading model 

in place of the calculated values.

Notwithstanding the above, it seems likely that while summit mixtures were close 

to calculated values, the basal mixtures were higher in lysine content than the calculated
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value (with the exception of basal B mixture). If so, this would have an influence on the 

slope of the response seen. Th is  raises the question as to whether determined or 

calculated values should be used in fitting data to the Reading model.

Several factors must be taken into account in resolving the Issue of which values 

to use. The mixtures were formulated to total lysine levels. The  main source of the lys'ne 

in the summit mixtures was soya bean and maize gluten, while in the basal mixtures it was 

cereals. Sauer and Ozimek (1986) reported mean apparent ileal digestibilities in pigs for 

lysine of 8 6 %  in soya bean meal, and 72 and 7 4 %  in barley and wheat respectively. No 

values were given for maize gluten. The  digestibility of the lysine in the basal m ‘ 

composed as they were of mainly cereals, will therefore have been lower than t 

summit mixture, having soya bean as a source of lysine. This will have tended 

counterbalance the higher than intended total lysine levels in the basal m' 

Furthermore, analyses inevitably use small samples and unless repeated analyses 

subsamples are possible, a reliable estimate of an amino acid concentration is difficult to 

obtain. For example, in basal A , mixes 2 and 3 (Appendix Table 8) there might seem to be 

a good case for using determined values. If this policy is adopted, is the 7.2g/kg value for 

mix 1 to be accepted? On the other hand, current ingredient values from a reliable source 

(Colborn Dawes, personal communication) have a background of use, confidence and 

general currency. They will be used for other formulatory exercises commercially and much 

published work is based on such values. In this case it was decided to use the values 

calculated from ingredient values taken from the Colborn Dawes ingredient nutrient matrix 

(Appendix Table 4 0). The  analyses are therefore given in broad confirmation of these

values and assumptions.

The summit and basal mixtures will always be derived from different ingredients. 

The influences of differences in digestibilities between ingredients will not arise if the basal 

mixture does not contain protein. W hen a protein containing basal mixture is used, it would 

seem to be important to use formulations based on digestible amino acids, to prevent the 

response slope being influenced by differences in digestibilities between those diets of high
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protein content and those of low  protein content. This aspect appears to have been 

overlooked in previous work. For such formulations to be produced, good information on 

digestibilities of amino acids by poultry in various ingredients is required.

Of the nutrients other than amino acids, the sodium chloride levels were low  in 

basal mixture A . mix 1 and in basal mixture C . Phosphorus levels generally were lower 

than intended in the basal mixtures. It is not envisaged that either nutrient will have 

influenced the utilisation of lysine. The  low sodium chloride levels may have depressed 

appetites in the diets containing large quantities of basal mixture. It is not expected that 

this will have affected the slope of the response or the level of plateau.

READING M OD EL

The experiments have relied heavily on analysis by the Reading model. Th e  or'g' 

reason was to enable predictive equations to be produced which would reduce the need 

for repetitive empirical experimentation as the genetical potential of the turkey changed 

with breeding progress. Retrospectively, it is apparent that the Reading model is a very 

good tool for fitting curves to data. No other system could have coped as consistently with

the data in the experiments.

In the past, the 'broken line' method has been a popular system for analysing data. 

A s discussed in Chapter One, such a system will tend to under-estimate the requirement 

for maximum growth rate, even using satisfactory data on the plateau region. A  featu e 

of the response curves in the current experiments was the irregular pattern of data at lysine 

intakes greater than the maximum needed for maximum gain. If three or more diet 

treatments exceeded the minimum required for maximum gain, the resulting data rarely 

indicated a flat plateau, necessary for analysis by the 'broken line method.

The Reading model requires information on the standard deviations for maximum 

body-weight gain and body weight. W hen analysing data in published papers, this
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information is often lacking. In their analysis of published chicken data, Boorman and 

Burgess (1986) used values giving a coefficient of variation of 1 0 %  for both body-weight 

gain and body weight. Th e  values obtained in the current experiments are plotted in Figure 

52. It will be seen that in most experiments, the coefficient of variation for body weight 

was at or below 1 0 % . This results from the birds being selected for uniformity before the 

start of the experiment. Th e  exception was in experiment 15 when the birds w ith slow 

growth previous to the start of the experiment had to be obtained from the poorest 

treatments of experiment 14. This resulted in a coefficient of variation for body weight of 

almost 1 5 %  for this group of birds. On the other hand, the coefficients of variation for 

body-weight gain shown in Figure 52 were usually in excess of 1 0 % . In most experime 

they were between 10 and 1 5 % .

In order to assess the possible significance of the values used for standard 

deviations in the Reading model, the experimental data were also analysed using stand 

deviation values which gave coefficients of variation of 1 0 %  for either or both gain a 

body weight. A  comparison of the resulting a values with those obtained using the actua 

standard deviations is shown in Figure 53. It will be seen that, with one exception, the use 

of actual values for standard deviation of body-weight had little influence on the a va ue 

obtained compared to using a value equivalent to a coefficient of variation of 1 0 %  for body 

weight.

It will also be seen from Figure 53 that using actual values for standard deviation 

of body-weight gain compared to a value equivalent to a coefficient of variation of 1 0 % . 

had little influence on the a value in the majority of cases. In six instances, the a 

noticeably influenced, in the extreme case by as much as 1 4 % . All six instances w e e 

from experiments 12 and 13, involving the four types of bird w ith  different grow t 

potentials. In these experiments, the number of replicates per treatment had to be reduc 

to three, as opposed to twelve in most other experiments. From the distribution of the data 

points resulting from the same experiment in Figure 53 which can be identified by points 

at the same a value, it will be seen that w hen actual standard deviation values for both gain

143



O
U

. 
O

 ^

C  V  O F  B O D Y  W E  I  G  H  T

FIGURE 52. THE COEFFICIENTS OF VARIATION(%) FOR BODY-WEIGHT 
GAIN AND BODYWEIGHT IN THE EXPERIMENTS





and body weight were used, the resulting a values were very similar to the value obtained 

when only the actual standard deviation for gain w as used as opposed to the a value 

obtained when using only the actual standard deviation for body weight. It is therefo 

concluded that the use of arbitrary values for standard deviations equivalent to a coefficient 

of variation of 1 0 %  for both gain and body weight, when applied to data in the literature 

lacking actual values, does not carry a major risk of resulting in misleading a values 

possibility however exists. Actual values for standard deviation of gain are more valuab

than those for body weight.

The Reading model also require a value for the correlation coefficient between 

maximum body-weight gain and body weight. Boorman and Burgess (1986) used 

of 0 .8 . The same value was used in the analysis of these experiments. T o  te 

influence of the value used, all the experiments were re-run on the Reading model u g 

value for the correlation coefficient of 0 .5 . The  effect on the resulting a  and k  va 

minimal with the a values on average being 9 9 .9 8 %  of those obtained using a co 

coefficient of 0 .8  and the £  values 1 0 1 .8 7 % . It is unlikely that the correlation coe 

will be below 0 .5  so it can be concluded that the Reading model is not very sensitive to 

errors'0 the value given for this coefficient over the normal range of values seen in p

One of the weaknesses of the Reading model is indeed its robustness. It ca 

used to fit a curve to almost any set of data showing a response to an input. For indi 

coefficients, any conclusion is subject to wide limits of uncertainty. Errors associated w ' 

the coefficient a will influence the intercept and so increase the errors association wit 

coefficient b. Unfortunately, simple estimates of the errors associated with the value of 

a and b are not available (Curnow , 1973). Notwithstanding all this, an alternative system 

is not available which would have handled the available data as comprehensively as has t 

Reading model. While the value of individual coefficients a ar*d b from a particular 

experiment may have an uncertain significance, the collection of coefficients obtained by 

this work, in which consistent trends can be identified, can be said to have a value greater 

than might be indicated by the errors attached to individual coefficients.
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One aspect of the Reading model has been omitted in this analysis. This concerns 

the calculation of when the marginal cost of lysine equals the marginal return to calculate 

the optimum intake for a population of birds. Disregarding the unknown errors associated 

with the coefficients, there is a major problem in calculating the value of extra body weight. 

iNixey, 1989b) illustrated that the breast meat yield as a percentage of the body weight is 

greatly influenced by body weight achieved at an age in relation to the b' ds g 

potential for body weight at that age. Further, the time of any growth depression during 

the growing cycle will also influence subsequent breast meat yields. A s at m s 

breast meat is worth at least double the value of other meats, any sophisticated calculat'o 

of when marginal cost equalled marginal yield, which could not incorporate differences in 

the breast meat yield in the calculation, had no value. In these experime 

measurement of meat yields was made.

In commercial operations, rarely do the turkeys approach their maximum potential 

body-weight gain; usually still being on the linear response phase of the growt 

view of this and the benefits on breast meat yields from improved growth, the 

extra body-weight gain will usually exceed the extra cost of lysine. If desired, 

can be made to satisfy the requirements of a known proportion of the flock by manipulat' g 

the value of x in the equation shown on page 39. A  commercial solution to this situat'o

is discussed in the next chapter.

PREDICTIVE E Q U A TIO N S

The primary purpose of the experiments was to obtain values for the constants a

and b in the equation:-

Lysine Requirement (g/d) =  saW  + bW  

where a W * »  body-weight gain (kg)

W  *  mean body weight 1kg)

This has been achieved for a wide range of ages and for a variety of types of turkey and 

will reduce the need for repetitive empirical experimentation.

145



Tabla 58 summarises the information obtained.

TABLÉ SB A SUMMARY Of THE READING MODEL ANALYSES Of THE EXPERIMENTS

EXPERI
MENT NO.

DESCRIPTION 
AGE SEX 
(DAYS)

MEAN 
BODY- 

WEIGHT (kg) 
(W)

MAX. 
BODY- 

WEIGHT 
GAIN 

(g/blrd d) 
Ik«»»*)

mg LYSINE 
TO

MAINTAIN 
1 kg w 

FOR 1 DAY
(b)

1
1
2
2
3
4
5
6
7
8 
8 
9 
9

10
10
11
11
12
12
12
12
13
13
13
13
14
14
15 
15

4-13
4-22
4-13
4-22
4-7
4-7
9-12
15-18
15-18
15-18
1 5 - 1 8
1 5 -1 8
15-18
17-20
17-20
17-20
17-20
LARGE
LARGE
SMALL
SMALL
LARGE
URGE
SMALL
SMALL
FAST
SLOW
FAST
SLOW

M
M
M
M
M

M
M
M
M
F
M
F
M
F
M
F
M
F
M
F
M
F

M
F
M
M
M
M

0.137
0.214
0.161
0.274
1.323
1.034 
4.305 
8.079 
8.482
8.517 
5.775 
8.949 
5.913

10.402
6.740

11.125
7.358
5.034 
3.742
3.517 
2.635 
4.850 
3.505 
3.400 
2.618 
1.928 
1.721 
3.977 
2.723

Figure 54 shows the a values, which are used to calculate lysine required for body weifl 

gain, against age for both sexes. Experiments 3 and 4 have been omitted because 

wastage problems. Data from the experiments are compared with the values indicated by 

analysis of data from the literature (see Table 21). It will be seen that there is, w 't

exceptions, a strong similarity between the data for males from the tw o sources. V e ry  

data have been published on requirements of females. Th e  experimental data s 

increasing divergence between the sexes with increasing age, w ith the value for fe 

tending to be lower than that for males. There is no indication of the fl value for ma 

reducing until at least 120 days. Between 120 and 130 days of age, the experimental data
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FIGURE 54. A COMPARISON OF THE VALUES FOR COEFFICIENT a (READING
MODEL) INDICATED BY THE LITERATURE (LIT) (SEE TABLE 21) AND THOSE
DERIVED EXPERIMENTALLY (EXP) FOR MALE (M) AND FEMALE (F) TURKEYS



indicated a slight reduction which was not in agreement with the published data. The  

mean { ± S .E .M .) of the a  values for males combining both published and experimental data 

over all the ages was 2 1 .4  ±  2 .0 . W ith the a values for females tending to reduce with 

age, a mean value for females could be misleading and is of little value.

The fc values for the published data show wide fluctuations (see Table 211 and 

average 16.8 x 103 for males and 13.9 x 103 for females. The  experimental data show  

more consistency (Figure 551 but at a much lower level ie. 6 .0  x 10 for males and 7 x 1 0  

for females. No explanation for this difference can be given. Using body weight gain data 

in the Reading model will produce an estimated maintenance value that is usually less than 

5 %  of the total predicted lysine requirement. Th e  difference seen in Rvalues thereto 

little overall quantitative significance.

Ideally, the Reading model is most correct when the output Is measured In terms 

of protein gain as opposed to body-weight gain. However, it was beyond the scope o 

project to undertake such w ork.

N E T T  EFFICIENCY O F U TIL IS A TIO N

The predictive equations allow the nett efficiency of utilisation of dietary lysine 

consumed to be calculated and a comparison made with similar calculations for chicke 

The nett efficiency of utilisation of lysine for growth (EG) is here defined as.

a
EG*—

where a , is the lysine content of the body-weight gain and a  is the constant calcu V 

the Reading model as referred to previously. Th e  lysine content of body weight gain 

be calculated from the protein content of the gain and the lysine content of the p 

the gain.
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The information on the protein content of body-weight gain of turkeys is not 

comprehensive. Hurwitz et al (1983) have produced data on large white turkeys (Tables 

13 to 16). Leeson and Summers (1 98 0  a and b) have published information on the carcass 

characteristics of both male and female turkeys at various ages, and also similar information 

on broiler chickens. Unfortunately, feathers were excluded from their analysis. A s feathers 

will constitute only approximately 5 %  of the body weight and contain only about 17g 

lysine per kg (Hurwitz et al. 1983) the omission will have little effect on comparisons of 

ages, sexes or species of bird. These comparisons are illustrated in Figure 56. A  

comparison with Figure 54 shows that the 4 values indicate a similar pattern of change as 

that seen in protein content of body-weight gain. This is what might have been expected 

as lysine is required for protein gain and this increases the confidence to be placed in the 

results.

There is conflicting evidence on the lysine content of the protein in the gain. Data 

given in the Israel model (Hurwitz £L2i 1983) indicate that lysine has been presumed to be 

6.6g/100g protein for all ages. Fisher and Scougall (1 98 2 ) estimated the lysine content 

of turkey meat protein to be 5 .4 2 g/l00 g protein at 28 days and 5 .5 7 g  

Saunders, £ L a i (1 97 7 ) found a similar value, 5 .41g lysine per lO O g protein for young 

chicken meat protein. Th e  lysine content of the protein presumed in the calculation will 

have a large influence on the calculation of nett efficiency of utilisation. A s  it w ou d 

surprising if there were large differences in the lysine contents of the proteins of chickens 

and turkeys, the lower level found by Fisher and Scougall (1 98 2 ) of 5.42g/100g protein 

has been used in the calculation for young turkeys. Figure 56 indicates a protein conte 

of 216g per kg body-w eight gain for tw o week old male turkeys. Presuming a lysine 

content of 5.42g/100g protein, would indicate a lysine content of 11.72g/kg gain, 

would be the minimum lysine needed for Qain if nett efficiency w as 1 0 0 % . T  

shows that Reading model analysis of the experiments carried out at this age indicated 

2 1 .2g lysine required per kg gain. Th is  would result in a calculated nett efficiency of lysine 

utilisation of 5 5 .2 % .
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A t the older ages, the protein content of gain shown in Figure 56  is around 192g 

per kg body-weight gain. Using Fisher and Scougall (1982) data for 56 day old birds of 

5.57g/100g protein indicates a lysine content of 10.69g/kg gain. Th e  mean a value for all 

the experiments involving male turkeys was 2 1 .4g lysine required per kg gain. This would 

result in a calculated nett efficiency of lysine utilisation of 5 0 .0 %

The same calculation can be carried out for chicken. Figure 56 indicates a protein 

content of about 170g per kg gain. Using a lysine content of 5.41g/100g protein would 

give (Saunders, £ La i 1977) a lysine content of 8.74g/kg gain. Boorman and Burgess 

(1986) analysed the suitable published data on the lysine requirements of broiler chickens 

using the Reading model. Combining the responses, they concluded that the a values for 

young (starter) chickens was 14.86g lysine/kg gain. This would produce a calculated nett 

efficiency of lysine utilisation for chicken of 5 8 .8 % . Boorman and Burgess (1 9 8 6 ) when 

doing the identical calculation arrived at a higher value, 71 %• as a result of using a higher 

protein content, 190g/kg gain, and a lysine content of 5 .55g/100g protein.

Differences in lysine conversion rate to body-w eight gain can be explained by 

differences in the composition of body-weight gain. Tissues such as fat and bo 

a negligible requirement for lysine. The  greater the proportion of the body-weight gain such 

tissues represent, the lower will be the apparent requirement per kg gain. Differences In 

,h .  composition of body-weight gain will explain not only the differences between turkey, 

and chickens but also the differences seen between sexes of turkeys. Th e  large 

in the protein content of the gain of females found by Lesson and Summers (19 

result of a marked increase in fat deposition. This Is shown In Table 59, 

calculated from the data published by Lesson and Summers (1 9 8 0  b l. Th is  show s a 

marked increase in fat content of gain in both sexes. Th e  most likely explanation for the
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TABLE 59 F A T  C O N T E N T  O F G AIN  O F
M A LE A N D  FEM ALE TU R K EY S
(A FTE R  LEESON A N D
SU M M ER S, 1980b)

A G E PERIOD g O F  FAT/kg B O D Y -W E IG H T
(WEEKS) G A IN

M A LES FEM ALES

0-4 32 37
4-8 40 39

8-12 84 188
12-16 107 325
16-20 209 410

protein content of gain in males remaining relatively constant over the later period {Figure 

56) while the fat content is increasing, is the counter balancing decrease in skeletal gain. 

In females, the reduction in skeletal growth appears insufficient to balance the marked 

increase in fat deposition (Table 59), resulting in a marked reduction in the protein content 

of gain.

The comparison of chicken and turkey body compositions by Lesson and Summers 

(t  980 a and b] showed the chicken to have a higher fat content at the same chronolog ca

. _  and turkeys and between sexes ofage. The  differences in the g  values between chic

. • . u j'Momni'fis in body compositions, particularly theturkeys can therefore be explained by differences y

deposition of fat.

raiculated nett efficiencies may be valid, anWhile the comparisons of g  values and caicu 

effect of the non-lysine containing proportion of the gain ie. fat and skeletal t  ss 

increase the body-weight gain per g lysine. Th e  increased gain response line has 

of increasing the intercept point which represents the coefficient relating to lysine required 

for maintenance (&). Nevertheless, this should not influence the accuracy of the to y 

requirement for both maintenance and gain indicated by the Reading model.

A  more accurate method of calculating the nett efficiency of utilisation of lysine fo 

growth than the one outlined earlier would be to compare the amount of lysine deposited
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in the tissues with the lysine consumed in excess of maintenance requirements. T o  do this 

calculation an accurate estimation of maintenance requirements is needed. Th e  Israel 

model (Hurwitz et al. 1983) estimated the lysine requirement for maintenance to be 

76.6mg/kg w 2/1 per day. The  Edinburgh model (Fisher and Emmans, 1983) used a value 

for lysine directly related to body weight, i.e. 69mg/kg w  per day. These tw o  models give 

a similar prediction for lysine maintenance requirements in the body weight range of 1.3 

to 1.5kg. A s the body weight increases thereafter, the Israel model predicts progressively 

less lysine required per kg weight per day.

Using total lysine requirements calculated from the a and fe values indicated by the 

Reading model analysis of the experimental data and subtracting the maintenance values 

indicated by either the Israel or Edinburgh model, enables the lysine available for gain to be 

calculated. T o  calculate the nett efficiency of lysine utilisation for gain, a value for the 

lysine content of body-weight gain must be known. This has been calculated using the 

same principles as in the earlier calculation of nett efficiency. The  protein content of the 

gain used was that indicated by Leeson and Summers (1 98 0  b) and the lysine content of 

the turkey meat protein found by Fisher and Scougall (1 98 2 ) using the value found at 56 

days, 5.57g/100g protein, for ages greater than 56 days. Details of the calculations are 

shown in Table 60 and a comparison of the nett efficiencies indicated by the Edinburgh and 

Israel models illustrated in Figure 57. It will be seen that there is a good measure of 

agreement between the models for birds in the lower weight ranges but beyond 5kg body 

weight, the Edinburgh model indicates an increasing efficiency, so deviating from the 

predictions of nett efficiency by the Israel model which remain relatively constant in the 

range of 50 to 60 per cent. There would appear to be no logical explanation for the 

increasing nett efficiency with increasing weight predicted by the Edinburgh m odel.. the 

most obvious explanation is that the method of calculating the lysine required for 

maintenance in the Edinburgh model, being directly related to body weight, is over

estimating the lysine required for maintenance at the heavier weights. The  effects of this 

would be to increase the apparent nett efficiency for gain at these weights.
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TABLE 60 THE CALCULATION OF THE EFFICIENCY OF UTILISATION OF LYSINE FOR GROWTH BY MALE TURKEYS

The Total Lysino Requirement 
Par Bird Per Day

The Lysine Content 
ol Body-weight gain

Maintenance 
Requirement 
for Lysine (a

The Efficiency of Utilisation of 
Lysine for growth
Edinburgh Model Israel Model

Exp.
No.

Descrip
tion

aW

_ fcflf

W

(ko)

a b g lysine 
require
ment

Protein 
content 
of Gain1 
la/kal

g Protein 
eein

g Lysine 
Gain2

Edinburgh* Israel4 p lysine 
for gain

%
efficiency lysine 

for gain
%
efficiency

1 4-13D 0.0188 0.137 21.31 0.0155 0.4027 220 4.136 0.2242 0.0095 0.0204 0.3933 57.0 0.3719 58.6

1 4-22D 0.0213 0.214 21.41 0.0086 0.4579 217 4.622 0.2505 0.0148 0.0274 0.4431 56.5 0.4228 58.2

2 4-13D 0.0779 0.161 20.97 0.0109 0.3771 220 3.938 0.2134 0.0111 0.0227 0.3660 58.3 0.3482 60.2

2 4-22D 0.0224 0.274 20.97 0.0047 0.4710 217 4.861 0.2635 0.0189 0.0323 0.4521 58.3 0.4349 60.1

3 4-7W 0.0722 1.323 35.13 0.0010 2.5377 188 13.573 0.7561 0.0913 0.0923 2.4464 30.9 2.3433 30.9

5 9-12W 0.0975 4.305 22.91 0.0040 2.2510 194 18.915 1.0536 0.2970 0.2027 1.9539 53.9 2.0785 51.4 I
6 15-18W 0.0851 8.079 18.26 0.0435 1.9054 186.5 15.871 0.8840 0.5575 0.3084 1.3479 65.6 1.7594 55.4 |

7 15-18W 0.0855 8.482 16.88 0.0503 1.8699 186.5 15.946 0.8882 0.5853 0.3180 1.2846 69.1 1.7267 57.2 1
8 15-18W 0.0885 8.517 22.23 0.0019 1.9835 186.5 16.505 0.9193 0.5877 0.3195 1.3959 65.9 1.8316 55.2 R
9 15-18W 0.1027 8.949 23.67 0.0022 2.4506 186.5 19.154 1.0669 0.6175 0.3302 1.8331 68.2 2.2629 50.3 I

10 17-20W 0.1118 10.402 19.62 0.0019 2.2133 183 20.459 1.1396 0.7177 0.3650 1.4955 76.2 2.0437 61.7 I

11 17-20W 0.0955 11.125 20.48 0.0020 1.9781 183 17.476 0.9734 0.7676 0.3817 1.2105 80.4 1.8266 61.0 |

12 LTM 0.1189 5.034 19.98 0.0031 2.3912 194 23.067 1.2848 0.3474 0.2250 2.0439 62.9 2.2081 59.3 I

12 STM 0.0714 3.517 21.56 0.0234 1.6217 194 13.852 0.7715 0.2427 0.1772 1.3790 55.9 1.4975 53.4 I
13 LTM 0.1280 4.850 19.47 0.0021 2.5024 194 24.832 1.3831 0.3347 0.2195 2.1677 63.8 2.3107 60.6

13 STM 0.0789 3.400 20.08 0.0027 1.5935 194 15.307 0.8526 0.2346 0.1732 1.3589 62.7 1.4710 60.0

14 FP 0.0685 1.928 22.86 0.0042 1.5740 187.7 12.861 0.7164 0.1330 0.1187 1.4410 49.7 1.4534 49.2

14 SP 0.0734 1.721 20.29 0.0046 1.4970 187.7 13.781 0.7676 0.1188 0.1100 1.3785 55.7 1.3825 55.3

15 FP 0.1156 3.977 21.39 0.0063 2.4977 194 22.426 1.2492 0.2744 0.1923 2.2233 56.2 2.3064 54.2

15 I SP 0.1072 1 2.723 I 21.67 0.0033 2.3320 194 20.797 1.1584 0.1879 0.1494 2.1441 54.0 2.1534 53.1 1
1 Uwng 0 « «  f r m  I ■ rn n  tmf Summam (1*806) 2  PrMwmtno • »yams cornant «4 6-42a/100g pro«— » i  oapanmant» 1 and 2 and 6.67g/lOOg pratam in tha adwr aapafanam (F«har and Soougail 1982)
3  Baaad an 6* 1«/ % « W  4  Baaad an 76.6cne*« W %



Little confidence can be placed in either set of calculations but the exercise is useful 

in clarifying the issues involved. Is the lysine nett efficiency for utilisation for protein 

growth the same at all ages? If it is, this would argue for a method of calculating the 

maintenance requirement similar to that used by the Israel model which relates the 

requirement to a power of the body weight to attempt to allow for the changing ratio 

between surface area and body weight. W hat is the protein content of gain at various 

ages? Does the lysine content of the protein gain change with age? Th e  answers to these 

questions will have a marked effect on the calculated nett efficiency of utilisation for 

growth.

Using the data which are available and relating these to the results of the 

experiments gives rise to calculations which in general, indicate a nett efficiency of dietary 

utilisation for growth in the range of 50 to 6 0 % . This is less than the figure used in the 

Edinburgh model of 6 4 % , for which no specific experimental evidence was offered. As has 

been discussed previously, the Israel model uses an unrealistically high utilisation value of 

8 5 % , presuming that all the lysine digested is utilised at 1 0 0 %  efficiency.

There are clearly some interesting questions on nett efficiency posed by the 

calculations based on the results of the experiments. These require more information on 

carcass composition before further clarification.
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GENETICAL DIFFERENCES

Experiments 12 and 13 compared tw o types of turkey of both sexes between 9 and 

12 weeks of age. Th e  mean coefficients obtained w ere:-

a h

Large type males 19.725 0 .0 0 2 6

Large type females 20.785 0 .0 0 3 5

Small type males 20.820 0 .0 1 3 0

Small type females 15.545 0 .0 2 2 5

Only for the small type females would the coefficients appear to differ from those 

for the other types. This conclusion must be qualified in that it is drawn within rather wide 

limits of confidence because simple estimates of the errors associated with the value of a 

and £  are not available.

The  most likely cause of any differences arising according to sex or genotype will 

be the carcass composition. The  theoretical scope for improvement in nett utilisation, 

which is the other alternative, seems small. There is the example of unexplained variation 

in the utilisation of methionine by laying hens (McDonald, 1957, 1 95 8 ). There is also the 

possibility of a complex metabolic inter-relationship affecting amino acid utilisation, as in 

the case of lysine and arginine (Nesheim, Christensen and Arnold, 1967).

M ost commercial turkeys are derived from three major breeding companies and over 

the years, there has been an interchange of genetic material. Th e  possibility that a major 

gene which affects lysine utilisation will be found to be segregating in one particular 

commercial genotype does not therefore seem likely. Th e  possibility that such a gene 

exists or may be present at high levels in one of the unimproved coloured breeds of turkey 

cannot be dismissed. Therefore, in modern commercial breeds of turkey, it seems likely
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that the major explanation for differences in the coefficients fl and b  will arise from 

differences in carcass composition with variation in fat gain being a major reason for 

differences in a value. Differences in fat deposition may result from differences in rate of 

maturity or from a greater genetic propensity to deposit fat.

From personal experience, it appears that turkey breeds selected in the U S A , on a 

high energy diet with a high energy to protein ratio, have a greater propensity to deposit 

fat than breeds selected in the UK on low  energy, high protein diets. This difference also 

reflects itself in food conversion differences with the fatter strain having a less efficient 

conversion than the leaner strain. A  comparison similar to that carried out in experiments 

12 and 13 might find such U S A  breeds indicating a lower a value than the UK  breeds in this 

trial, with perhaps a diet requirement lower in g lysine per M J ME for maximum body- 

weight gain.

The  mean requirements for g lysine per M J ME for maximum body-weight gain in 

experiments 12 and 13 w ere:-

Large type males

Large type females

Small type males

Small type females

It should be noted that the requirement for the three larger types of bird is in 

inverse order to the mean a  values calculated, which is not w hat might have been 

expected. Th e  explanation probably lies in the relationship between body-weight gain-and 

body-weight maintained. In the large type males daily gain represented 2 .4 3 %  of the mean 

weight maintained. Th e  figure for large type females was 2 .3 6 %  and for small type males 

2.11 % .  Th e  relationship between these three percentages is very similar to that between 

the lysine requirement expressed per M J ME. A  major driving force on food intake is the

0 .8 7 6 g lysine/MJ M E 

0.851 g lysine/MJ ME 

0 .769g lysine/MJ ME 

0 .490g lysine/MJ ME
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ME requirement for maintenance. Th e  lower the body-weight gain is as a proportion of 

body-weight, the lower the ratio of g lysine per M J M E might be expected to be.

Th e  noticeably lower requirement of the small type female is of practical 

significance to the UK  turkey industry as this type of bird is popular for the Traditional Farm 

Fresh (TF F ) trade. It has been normal to feed these birds diets in similar feed-for-age 

programmes to those used for large type birds destined for the frozen oven-ready trade or 

the further processing trade. The  current data indicates that the T F F  bird could be fed diets 

much lower in lysine (and presumably other amino acids) than currently practised without 

detriment to growth rate. The  cost saving would be substantial.

C O M P E N S A TO R Y  G R O W TH

The theory of compensatory or 'catch-up* growth is the subject of controversy 

within the turkey industry. While Auckland et al (1969) and Sholtyssek(1981) have 

demonstrated the principle, other workers (Nixey, 1989a) have been unable to confirm the 

results. Experiments 14 and 15 were carried out to investigate the subject and the results 

help to explain the inconsistency in experimental results seen by other workers.

Experiment 14 gave similar results to those of Auckland et al (1 9 6 9 ). Birds 

previously 1 5 .5 %  less in body weight at six weeks of age gained at a greater maximum 

rate (7 3 .4 %  v  6 8 .5g per bird d) than birds grown normally to six weeks of age. This 

resulted in the differences in body weight at nine weeks of age diminishing to 4 .3 % . It 

seems likely that by 14 weeks of age, the difference would have disappeared.

Figure 58 illustrates that at the same calculated mid-experiment body-weight 

replicates of the undernourished birds were eating more food per day than the replicates 

of the controls. No body composition data were collected. A s the undernourished birds 

had visibly less breast meat at the start of the experiment, most of the weight difference
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may have been related to the carcass meat weight, with the alimentary canal possibly being 

of more normal size. Food intake may be limited by the size of such organs as the crop and 

gizzard. If the gut of the undernourished birds was larger relative to body weight than that 

of the controls, it might explain the higher feed intake of the undernourished group at the 

same body weight compared to that of the controls. The  higher food intake at the same 

body weight should make available more lysine for body-weight gain after the maintenance 

requirement has been met.

While the h  values were similar for the tw o  groups (0 .0 0 4 2  and 0 .0 0 4 6  on the 

controls and previously undernourished birds respectively) the a  values were 2 2 .8 6  for the 

controls and 2 0 .2 9  for the previously undernourished birds. Although the latter difference 

cannot be tested for significance, it is not inconsistent with an improved efficiency of nett 

utilisation of lysine for growth and does represent over 1 0 %  improvement. Figure 47 does 

show the previously undernourished birds gaining at a greater rate per gram of lysine intake 

than did the controls. A  contributing factor to the better efficiency of lysine utilisation is 

that the gain from six to nine weeks in the undernourished birds probably contained a 

greater proportion of skeletal growth which would be relatively non lysine requiring. It was 

observed that these birds attained normal stature by nine weeks of age.

Experiment 14 therefore confirmed the principles as outlined by Auckland et al 

(1969) for birds depressed in body-weight by as much as 1 5 %  at six weeks of age. A  

limiting factor on the ability to exhibit compensatory growth will be the diet. It will be seen 

from Tables 53 and 54 (pages 123 and 124) that on the most limiting diets, diets 6 and 

7, there was no compensatory growth. The limitation will not be restricted to the 

formulation. Factors which prevent normal appetite from being expressed such as poor 

pellet quality, high temperatures, high stocking densities, lack of feeder and drink space 

could also be expected to inhibit the expression of compensatory growth.

Experiment 15 investigated the effect of very severe undernourishment such that 

the resulting body weights were 3 6 %  below those of the controls at the start of the
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experiment. The birds were also three weeks older than in Experiment 14 and so at a 

different stage of their growth curve.

In this experiment, during the period of potential catch-up grow th the control birds 

attained a higher maximum body-weight gain, 115.6g per day, than did the undernourished 

birds whose maximum gain was only 107.2g per day. Thus rather than the difference in 

body weight between the tw o groups decreasing, it increased. This is the reverse of the 

situation in Experiment 14. Nevertheless, the relationship between food intake and body- 

weight (Figure 59) shows that although there was no overlap between the tw o  groups in 

calculated mid-experiment body-weight, the trend of the data indicated that the intake of 

the diets fed to the undernourished birds would have been higher at the same mid-period 

body weight than that of the control birds. This suggests that whatever the mechanism 

of the 'drive' to eat more food after undernourishment which operated in experiment 14, 

there was also evidence of this in Experiment 15. Due however to the very low initial 

body-weights of the undernourished birds, the increase in food intake was insufficient to 

equal the normal food intakes of the much heavier control birds with the result that the 

difference between the groups increases rather than decreased.

In experiment 14. Figure 47 showed that the previously undernourished bird gained 

more per gram lysine intake than did the controls. Figure 50  illustrates that in 

Experiment 15, the gain responses per gram of lysine intake for the tw o groups were 

almost identical as were the a  values (2 1.3 9  and 2 1 .6 7 ). It seems unlikely that the 

composition of the gain in both groups was identical. It m ay have been that the tw o  non

lysine requiring components of growth, i.e. skeleton and fat, were counterbalancing, with 

the former being more important in the undernourished birds and the latter in the controls.

Experiments 14 and 15 suggest that compensatory or "catch up" growth is possible 

in undernourished birds but that the extent to which it takes place will be very dependent 

on the level of growth depression. The  importance of the extent of the growth depression 

has been overlooked in the controversy over the subject. Th e  "catch up" grow th occurs
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because, as was suggested by Auckland et at (1969), the undernourished birds will eat 

more food at any given body weight than birds of normal growth.

FO O D  IN TA K E  A N D  B O D Y  C O M P O S ITIO N

Attention has been focused on the body*weight gain response in the experiments. 

However, this response is an expression of the food intake response to the lysine 

concentration and the body composition resulting from the food intake.

The food intake is the major variable confronting scientists attempting to produce 

a computer simulation model of the turkey. It is also a major source of problems for 

nutritionists attempting to design diets for turkeys to produce the optimum economic 

performance.

It has been postulated by Emmans (1981) that, within limits, animals seek to eat 

for the first limiting nutrient rather than eating for their energy requirement unless energy 

is first limiting . If this is so, when an amino acid is marginally deficient, the

animal will overconsume energy in an effort to obtain the deficient amino acid. The  surplus 

energy consumed in excess of that which can be lost to the environment as heat must be 

stored as fat. The  production of fat, with its lower water content than body protein, might 

be expected to result in a deterioration of the gain:food ratio. A s  a result, the intake of a 

nutrient necessary to optimise gain:feed ratio would be higher than that required for 

maximum body-weight gain. This has been demonstrated and reported for chickens by 

Lee, Gulliver and Morris (1 97 1 ), Fisher (1976) and Gous and Morris (1 98 5 ). It has not 

been shown experimentally yet for turkeys.

There are problems to be expected in attempting to demonstrate the existence of 

compensatory feeding to meet an amino acid deficiency. Th e  compensatory increase in 

food intake may be small relative to the variation seen in the data. It may exist over a 

limited region of the curve which may not be well represented by data. There is insufficient
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knowledge of the process to be able to model a hypothesis against which the data could 

be tested. A t  this stage, the best that can be done is to examine the shape of the food 

intake and food utilisation curves for expected trends. Th e  food intake curve could be 

expected to increase in slope relative to lysine concentration in diet as the maximum body- 

weight gain is approached. When maximum body-weight gain is achieved, food intake 

should decrease with increasing levels of lysine concentration. Th is  should result in food 

utilisation efficiency improving beyond the lysine concentration necessary to achieve 

maximum body-weight gain. There is added complication with turkeys that their growing 

period extends over a larger period than chickens and the turkey has less propensity to 

deposit body fat.

in examining the data from the present study, some experiments were excluded. 

Experiment 1 suffered from a feather pecking problem which, judging from the results of 

experiment 2, may have depressed the gains and food intakes of the diets in the area of 

the onset of the plateau. In experiments 3 and 4, there was the differential feed wastage 

among treatments. In experiments 12 and 13, there were small numbers of birds of each 

type on each treatment. The  experiments remaining have been examined in depth for 

confirmation or otherwise of the Emmans (1981) hypothesis. A s might be expected with 

such a large amount of data, with no established method of analysis, a case can be made 

both in support of compensatory feeding or not, depending on the set of data chosen.

It was very difficult to find any evidence that the dietary intake of lysine necessary 

to optimise gaimfeed ratio was higher than that required for maximum body-weight gain. 

A  consistent pattern in almost all the experiments was of a depression in gain at lysine 

intakes higher than that achieving the maximum gain. Rarely did the data points on the 

plateau section of the curve fall in a near horizontal plane. More normally, at 

concentrations little more than necessary to achieve maximum gain, the data points would 

follow a dow nw ard trend.
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A  hypothesis has been constructed which would explain the shape of the body* 

weight gain response curve. Central to the hypothesis is variation in the body tissue 

components of the body-weight gain resulting from different lysine concentrations in the 

diet. This is illustrated diagrammatically in Figure 60.

It would seem logical that if an animal over-consumes energy in an effort to obtain 

the deficient amino acid necessary to obtain maximum protein gain and this results in 

increased production of body fat, the maximum body-weight gain would be achieved when 

the overconsumption of food, which achieves the desired intake of deficient amino acid 

necessary for maximum protein gain is at its maximum. This situation is identified by line 

A  in Figure 60. Not only will protein gain be maximised, but also fat deposition. A s the 

concentration of the deficient amino acid in the diet increases further, the amount of 

overconsumption of food and hence body fat deposition would decrease. A s a result, the 

body-weight gains would also decrease with increasing concentration of amino acid in the 

diet. The  majority of data in this thesis are consistent with this explanation, but no 

measurements of carcass composition were made. A  surprising aspect of the data, 

however, is the wide range of lysine intakes over which the depression is occurring.

A n  explanation for this could be the variation to be expected between individuals 

in genetic potential for protein gain. Individuals with a lower potential protein gain might 

be expected to enter the overconsumption phase at a lower lysine intake level than birds 

with a higher genetic potential for protein gain. A s a result of the overconsumption, more 

body fat would be deposited. In theory, this could result, at certain lysine intakes, in birds 

with lower genetic potentials for protein gain having a higher body-weight gain, because 

of body fat deposition, than similar birds with a higher potential for protein gain.

On diets with higher lysine concentrations resulting in higher lysine intakes, 

individuals with a lower potential for protein gain could be expected, if the theory is 

correct, to reduce their food intakes and hence body fat gains, with a resulting lower body- 

weight gain. On such diets, birds with a higher potential for protein gain would then enter
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the over-consumption phase, so laying down body fat and maximising body-w eight gain. 

A s lysine concentrations increase, more and more individuals would have their lysine 

demands satisfied without recourse to overconsumption of energy. A s  a result, mean 

body-weight gains could be expected to reduce at lysine intakes beyond those necessary 

for maximum flock body-weight gain. A s  stated earlier, this pattern would fit the majority 

of the experiments.

Th e  hypothesis that the reduction in body fat is the explanation for reduced body- 

weight gains is not reliant on the theory of over-consumption of energy as birds seek to eat 

their first limiting nutrient as proposed by Emmans (1 98 1 ). Other possibilities could be 

associated with the increased protein intake as lysine intake increases. Th e  need to excrete 

more nitrogen could trigger an appetite depressing effect or the breakdown of excess 

protein into energy could be having a thermostatic effect, so reducing the bird's food 

intake.

Experiments 6 and 7 (Figure 22) demonstrated a correlation between M E intakes 

and body-weight gain for replicates lying on the plateau section of the curve. This would 

support the hypothesis that body fat was influencing body-weight gains as this would be 

the expected result of variations in energy intakes.

If this hypothesis is correct, it makes the task of producing a computer model of 

turkey responses to nutrient intakes very much more complicated. However in practice, 

the usage of such a model will be more concerned with the limiting response section of the 

curve than the situation at the plateau.

LYSIN E T O  M E R A TIO S

Nutritionists require nutrient requirements to be made in a form of use in 

formulating diets. Th e  industry has progressed from stating the recommended lysine level
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as a concentration (g/kg feed) to stating this as a ratio of g lysine per M J M E in the feed. 

This is a recognition of the influence that dietary M E content has on food intake.

It may be hypothesised that the bird's primary need for food is to satisfy its energy 

requirement. Macleod and Jew itt (1985) found that growing turkeys responded to an 

increase in dietary energy concentration within 2 days by reducing food consumption. The  

sensitivity of the response to a dietary energy decrease was less, being between 4 and 10 

days, depending on the magnitude of the decrease. Th e y  speculated that the slower 

response was because of the need for anatomical or physiological adaptation when an 

increased food intake is required to meet energy requirements.

T o  state the lysine requirement as a ratio of g lysine per M J ME is to recognise the 

interaction between the ME content of the diet and food intake. Th e  latter determines the 

lysine consumption which in turn will influence the growth rate.

In the experiments, all the experimental diets were formulated to be isoenergetic 

and therefore since lysine contents varied, represented a range of lysine to M E ratios. The  

M E content of the diet chosen w as that prevailing most com m only in the UK at that time. 

If a higher M E content had been used, similar to that used in the U S A  and Italy, it might 

be thought that the lysine: M E ratios found as optima in this study would be different. 

However this is not expected to be the case. If diets of higher M E content had been used 

the food intake would have been less so the birds would have responded maximally to a 

diet of higher lysine concentration (g/kg diet). W hen this higher lysine concentration was 

expressed as a ratio to the higher dietary ME, it would seem reasonable to expect that the 

ratio would be the same as that determined with diets of a lower M E concentration in the 

current experiments. On the assumption that at lysine adequacy food intake is primarily 

being determined by the energy content of the diet and that the lysine required per day for 

maximum body-weight gain is the same regardless of the M E content of the diet, the ratio 

of lysine to ME required for maximum body-weight gain should be the same regardless of 

the dietary energy concentration. T o  confirm this an experiment involving several M E levels
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at each lysine concentration over a range of lysine concentrations is required, so that the 

effect of varying energy independently of lysine could be estimated. It has been presumed 

in the following analysis that the ratio is not influenced by the dietary energy concentration.

Using the data from the current experiments to produce predictions of the body* 

weight gain to be expected for a range of lysine consumptions, together with the diets 

used in the experiments, has enabled estimates to be made of the lysine requirement for 

maximum body*weight gain in relation to the ME consumed. Th e  resulting ratios of g lysine 

per M J ME have been calculated for all the experiments and types of bird. Th e y  are shown 

for males in Figure 61 and for females in Figure 62 and compared with the ratios indicated 

by published research (see Tables 4 to 9 ). The  ratios indicated for males by the Israel and 

Edinburgh models are also included in Figure 61.

It will be seen that there is a good level of agreement between the experimental 

results and the published data for the males. Only in the initial weeks of life is there a 

divergence, with the experimental data indicating a much higher ratio than hitherto 

published. The  published work tends to be older and much slower growing birds were used 

than those used for the current experiments. While the potential growth rate of turkeys 

has shown rapid improvements (Table 3), the egg size producing the initial poult has not 

shown the same increase (British United Turkeys Ltd, unpublished data). A s  the food 

intake capacity of the poult is likely to be related to its body size, and the poult size is 

related to egg size, the improvement in growth potential without an accompanying increase 

in initial poult size would suggest the need for a greater concentration of nutrients in the 

initial diet. This could explain the divergence between the current experimental data and 

published data in the past on very young turkeys.

Th e  ratios suggested by the Edinburgh model decrease at a slower rate per day of 

age than that suggested by the experiments. The  authors of the Edinburgh model accept 

that it is unsuitable for use before 28 days of age. Figure 61 suggests that even between 

28 and 56 days, the model may underestimate requirements. There is quite close
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agreement between the Edinburgh model and the experimental results beyond 56 days of 

age.

A n  Influence on the calculated ratios from the models will be the calculated M E 

requirements. There is close agreement between the predicted M E requirement from the 

tw o models from day-old through to around 10 weeks for male turkeys. Beyond 10 weeks 

the Edinburgh model predicts a lower ME requirement than the Israel! model. This will have 

the effect of increasing the predicted g lysine per M J  M E in the Edinburgh model at ages 

beyond 10 weeks compared with requirements predicted from the Israeli model.

Th e  Israel model consistently indicates lower levels of lysine than the experimental 

results at all ages. W hen discussing the Israel model in Chapter 2, it was pointed out that 

this model presumed that 8 5 %  of dietary lysine is utilised based on the efficiency of 

absorption. T o  assume that all the lysine which is absorbed by the intestine is utilised 

would appear very optimistic. There will be a minimum level of amino acid catabolism 

during protein synthesis and degradation. In addition there will be losses if the supply to 

the tissues does not correspond exactly with demand even though there are several 

"buffers* to avoid these losses. Th e  assumption of 8 5 %  utilisation of dietary amino acids 

is the major cause of differences in the predictions of the Edinburgh and Israel models. The  

data from the experiments would confirm the view that the Israel model underestimates the 

lysine requirement. The  rate of decrease in requirement with age is very similar to that 

indicated by the experiments. If the Israel model had assumed, as did the Edinburgh model, 

that only 6 4 %  of dietary lysine is utilised, there would have been close agreement between 

it and the experimental results.

Far less data are available for the females; there being none for the early weeks of 

life (Figure 62). There is good agreement for females around 4 0  days of age between the 

published data and experiment 4 ie. 1.2g lysine per M J M E. Th is  is almost identical to that 

indicated for the males suggesting that both sexes require the same diets at least until 

seven weeks of age. Clearly, the differences in growth potential are being compensated
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for by differences in food intake up until this age. By nine to 12 weeks, the situation is 

complicated by genetic differences with a similar requirement being indicated for large type 

females to that indicated for males, while a distinctly lower requirement is indicated for 

small type females.

Th e  experiments using 15 to 18 week females, experiments 8 and 9, gave identical 

ratios while those with 17 to 20 week females, experiments 10 and 11, produced slightly 

lower values which were also very similar to each other. A t both these ages, the indicated 

ratios for females were distinctly lower than those indicated for males. Th e  few  published 

data for older females indicated higher ratios than those found from the experimental data.

The  age when divergence occurs in the feeding programmes for males and females 

will depend on the strain involved. It may be as early as seven weeks for slow growing 

strains and as late as 12 weeks for late maturing, fast growing strains. It might be 

expected that the divergence will occur when the females commence to lay dow n 

significant amounts of fat while such deposition in the male is minimal.

In the experiments beyond nine weeks of age, there were sometimes large 

differences in the suggested ratios for birds of the same age. Th e  major difference 

between such experiments was the time of year at which they were carried out. The  

experimental house had no supplementary heating and its temperature was related to the 

outside ambient temperature. Temperature will greatly influence the determined ratio of 

lysine to M E as increasing temperatures will reduce the bird's energy requirements for 

maintenance and so also reduce food intake. A s a consequence, a higher concentration 

of lysine will be required at higher temperatures to achieve the same intake of lysine;

Even though large differences may be seen in g lysine per M J M E required for 

maximum gain eg. between experiments 8 and 9, the differences between such 

experiments is small if the gain is expressed per g lysine intake as is illustrated in Figure 28.
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This is good evidence for the need to express requirements ultimately as quantities rather 

than percentages or ratios.

Th e  ratios indicated in this work can only be used as indications and should be 

modified according to the situation with regard to factors which affect food intake. Ideally, 

they should be used in conjunction with lysine input and body-weight gain output tables 

described in Chapter Five and modified according to the lysine intake achieved in practice.
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CHAPTER FIVE

Commercial Utilisation



THE COMMERCIAL SITUATION AND NEEDS

The  ultimate aim of nutritional research on turkeys must be to provide information 

which will be of use to nutritionists when formulating commercial turkey diets.

Th e  w ork reported in this thesis indicated the lysine requirements of the turkey in 

terms of g lysine per M J of M E energy at various ages. However under the conditions of 

the experiments, of small numbers or single bird pens with ample food space, food intake 

is likely to be near the bird's optimal requirements for M E with the bird able to eat to fully 

meet its requirements.

These conditions will not be present in commercial circumstances. Several factors 

which might be expected to reduce food intake below optimum requirements will be 

operative. These factors will include large flock sizes, limited feeder space, high stocking 

densities which in the microclimate surrounding the bird will also result in high 

temperatures, limited water access and dusty pellets. Individually each will have an 

influence but interactions between factors might also be expected, e.g. limited feeder space 

together with dusty pellets might be expected to have a combined effect greater than the 

effect of the sum of the tw o individual conditions, as dusty pellets will require more time 

at the feed trough which will be limited due to the competition for feeder space.

It will be impossible to predict accurately the result on food intake of these various 

conditions. The  ultimate measurement must be the actual food intake resulting. Having 

assessed that, the nutritionist can then, given sufficient information, adjust his formulation 

accordingly. The  work in this thesis is a major step forward in providing the commercial 

nutritionist with the information required to make adjustments to formulations.

Th e  nutritionist needs to know the amino acid which is first limiting for grow th rate 

in the diet. Th e  thesis has not addressed itself to that aspect directly in experiments 

although it was discussed when deciding the experimental diet formulations and it is
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discussed later in this chapter. Given that lysine is the first limiting amino acid in the diet, 

the work reported in this thesis enables lysine input and body-weight gain output prediction 

tables to be constructed. If the results achieved in commercial practice are similar to those 

predicted, it confirms that lysine is the first limiting amino acid. If the results are not similar 

to the predictions, another amino acid must be suspected as being limited. If lysine is 

indicated as the limiting amino acid, the prediction tables will then enable the nutritionist 

to calculate the likely body-weight gain response to be expected from increasing lysine 

intake. Th e  cost of achieving the increased lysine intake can be calculated, the value of 

the extra output in body-weight gain estimated, and a decision reached as to the desired 

level of lysine in the diet.

TH E  LYSINE RESPONSE TA B LE S

T o  construct the lysine response tables, it is necessary first to have a good estimate 

of the maximum genetic potential body-weight gain at various ages for the type and sex 

of turkey under consideration. In constructing lysine response tables for British United 

Turkeys' breeds with which the author is familiar, the maximum genetic potential body- 

weight gain has been judged to be that gain achieved in experimental pens with ideal 

conditions. A s the most common feed programme is to change feed types every four 

weeks, the tables have been drawn up for four weekly age periods e.e. 0 to 4 weeks, 4 

to 8 weeks, etc. Using the body weight data and the a and b  values arrived at from the 

research reported in this thesis in the Reading model, using a Typ e  B run, input and output 

predictions can be produced. Th e  a and fc values used to produce the predicitons are given 

in Table 61.
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TABLE 61 THE * ANO b VALUES USED TO PRODUCE LYSINE INPUT AND CAIN OUTPUT 
PRODUCTION TABLES

MALES FEMALES

fl b 1 h
U10*) 1x10*)

0 -4 21.1 10.0 21.1 10.0

4 -8 21.5 7.4 21.5 7.4

8 - 12 21.7 4.5 20.6 4.5

12-16 21.9 3.0 19.0 3.0

16-20 21.0 2.2 15.8 2.2

It must be said that some of the suggested values are based on weak information. 

Assumptions are drawn from the trends indicated where the information was strong. 

However the suggested values are a considerable advance on any other information, and 

the prediction tables already have been used in commercial practice both in Europe and 

North America. A n  example is shown in Table 62.
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TABLE 62 B.U.T. BIO 6 MALES 4-8 WEEK8 
LYSINE INPUT AND GAIN 
OUTPUT PREDICTION TABLE

FLOCK LYSINE INTAKE FLOCK BODY-WEIGHT GAIN
(g/d) Ig/dl

0.90 40.8
1.00 45.5
1.10 50.1
1.20 54.8
1.30 59.4
1.40 64.1
1.50 68.8
1.60 73.4
1.65 75.7
1.70 78.0
1.75 80.4
1.80 82.7
1.85 85.0
1.90 87.3
1.95 89.6
2.00 91.8
2.05 94.0
2.10 96.1
2.15 98.1
2.20 100.1
2.25 101.9
2.30 103.5
2.35 104.9
2.40 106.2
2.45 107.3
2.50 108.2
2.55 108.9
2.60 109.4
2.65 109.8
2.70 110.1
2.75 110.3
2.80 110.5
2.85 110.6
2.90 110.6
2.95 110.7
3.00 + 110.7

Assum ptions:- Lysine to be the first limiting amino acid

Genetic potential 4  week body weight - 1 .4kg

Genetic potential mean daily body-weight gain for period - 1 1 0 .7g

A M IN O  A C ID  PROFILES

It is a fundamental principle of the response tables that lysine must be the -first 

limiting amino acid in the diet. T o  check if this is indeed so, an indication of the ideal 

amino acid profile for each four weekly age period is required. It is an area that has 

received very little research attention. Indicated required amino acid profiles can be 

produced from both the Edinburgh and the Israel models.
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Th e  Edinburgh model bases Its calculations on analysis of whole turkey bodies at 

28 and 56 days of age (Fisher and Scougall, 1982) which gave values (mg/g Protein) of: 

54.9m g Lysine 

19.4m g Methionine

34.8m g Total Sulphur Am ino Acids (T S A A )

9.9m g Tryptophan 

3 9.2m g Threonine

It then uses a conversion of dietary to body lysine of 6 4 %  based on 86m g dietary lysine 

to provide 1 gram of protein growth (Fisher and Emmans, 1983) and 1 gram of protein 

containing 54.9m g of lysine. The  same efficiency of conversion of dietary to body amino 

acid is used for the other amino acids. The Edinburgh model assumes a lysine maintenance 

requirement of 69mg/kg liveweight. Based on very little data, it uses a maintenance 

requirement per kilogram of bodyweight of 40m g methionine, 60m g total sulphur amino 

acids, 10mg tryptophan and 40m g threonine.

W hen this information is used in the Edinburgh model, it produces the following suggested 

profiles (Lysine -  100):

D A Y S  O F A G E  28 56 84 112 140
LYSIN E 100 100 100 100 100
M ETH IO N IN E 3 6 .0 36.5 37.4 38.6 404
T .S .A .A . 6 4 .0 64.5 65.4 66.7 686
TR Y P TO P H A N  17.3 17.2 17.1 17.0 167
TH R EO N IN E 70.3 70.0 69.5 68.8 673

In the Israel model as discussed in Chapter 2, the amino acid requirements are 

assessed by body composition analysis at various ages together with measurements of 

endogenous losses via the Intestine and the skin. This method produced the following 

amino acid profile (Lysine -  100):

D A Y S  O F A G E 29 57 85 113 141
LYSIN E 100 100 100 100 100
M ETH IO N IN E 36.2 36.7 38.7 38.7 440
T .S .A .A . 7 9 .0 83.7 97.8 100.0 113.8
TR Y P TO P H A N 15.2 15.5 16.4 16.0 ia 4
TH R EO N IN E 82.3 84.2 90.2 85.9 973
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It will be seen that there are striking differences between the Edinburgh and Israel profiles, 

both quantitatively e.g. total sulphur amino acid levels, and directionally with age e.g. the 

relative change in threonine levels with age.

Despite the fact that the Israel model is based on apparently better analytical data, 

the profiles It has produced indicate extraordinary diets in practice. Using common 

ingredients, the profiles would indicate that lysine should never be the first limiting amino 

acid. The  first limiting amino acid would in all probability be the total sulphur amino acids 

with threonine the second limiting amino acid.

It is clearly a subject that warrants urgent research. W ork on other amino acids 

similar to the work carried out for this thesis on lysine is required. This would produce a 

and fe values for the other amino acids to enable the quantities of each to be calculated for 

a specific grow th rate. This in turn would enable the ideal amino acid profile to be 

calculated at various ages.

In the meantime, it is suggested that the mean of the suggested profiles of the 

Edinburgh model and Israel model be used to assess the first limiting amino acid In a 

formulation. An  addition that is required is a value for arginine which as shown by D'Mello 

and Emmans (1975) interacts with lysine. As the level of lysine is increased so the 

requirement for arginine is increased. For the 3-week-old turkey, the work by D'Mello and 

Emmans indicated that the arginine level should be in the region of 1 1 3 %  of the lysine 

level. In the high protein diets used early in life, it is normal to use fishmeal at levels of 

1 0 %  or more in order to prevent a total reliance on soya-bean for the major protein fraction 

of the diet. In fishmeal, the arginine level is very similar to that of lysine and so it is 

difficult to formulate a diet in which the arginine level is 1 1 3 %  of that of the lysine, if 

substantial proportions of fishmeal are to be used in the diet. Th e  reserve on the part of 

nutritionists to use high levels of soya-bean is because of the variability in its protein 

content, variability in the standard of processing, which m ay affect digestibility, and also 

the possibility that high levels of soya-bean may be implicated in the incidence of footpad
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dermatitis (Jensen, Martinson and Schumaier, 1970). Until more w ork has been done on 

the subject, it is suggested that in the ideal amino acid profile, the arginine level is set at 

1 0 8 %  rising to 1 1 3 %  of the lysine content as the protein level In the diet decreases. In 

practice, the arginine level is only likely to be of significance In diets for young turkeys 

because in cereals which make up a major proportion of the diets for older birds, the 

arginine level will be approximately 1 5 0 %  of the lysine content.

T H E  O P TIM U M  REQ UIREM EN TS

The  optimum requirement will depend on how  it is defined. One definition would 

be that level which gives the biological maximum growth rate. A n  alternative definition 

would be the optimum economic requirement, being that level which maximises the 

profitability of the turkey flock. This will depend upon the monetary cost of providing 

increasing levels of a nutrient, e.g. lysine, and the monetary value of the output so 

produced. Such a definition of requirement will be as transitory as the prices of feed 

ingredients or the value of turkey meat. A s discussed in an earlier chapter, changes In 

growth rate will also affect body composition and the value of the body-weight gain.

Th e  input and output tables as shown by the example in Table 62 enable such a 

calculation to be made. However there is difficulty in placing an accurate value on the 

output in terms of value per body-weight gain. No market exists for turkey meat In the first 

eight weeks of life. However the body weights attained over this period will have an 

influence on the subsequent body-weight gains, so they have an Indirect value. This will 

depend on the age that it is planned to kill the turkeys, with the longer the period before 

killing, the greater the chance for "catch up" growth to take place.

T o  calculate the cost of lysine, a number of least cost formulations should be 

carried out on the computer with the lysine concentration Increased in increments. Other 

amino acids should also be increased so that the suggested ideal amino acid profile is
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maintained. By dividing the cost per tonne by the number of grams of lysine in the tonne 

of feed, the cost of each gram of lysine can be estimated.

Obviously other nutrients will have contributed to the cost but with lysine being the 

first limiting nutrient, the calculation gives the relative cost of lysine compared to lysine in 

other diets. By formulating a number of diets with different levels of lysine, the cost of 

lysine at various concentrations can be estimated. Until more accurate data is available on 

body composition the likelihood of the increased cost being recouped by the value of the 

extra output must be judged by the nutritionist.

A  value of the prediction tables such as that in Table 62 is that they enable an 

estimate of the increased output to be made. As already pointed out, in the early weeks 

of life, the value of this output must be a judgement of its subsequent long term value. A t 

the older ages, the market value of a kilogram of dead turkey body-weight can be estimated 

if it is to be sold either in the feather, plucked or in oven-ready form. There is however a 

difficulty in estimating the value of the body weight if it is to be subsequently deboned and 

further processed. W hen the body weight at an age changes, the body proportions also 

change. Of most economic significance is that as the body weight compared to genetic 

potential at an age decreases, so the proportion of that body weight which is breast meat 

decreases (Nixey, 1989b). As breast meat is by far the most valuable meat being between 

2 and 3 times more valuable than dark meat, there is a considerable incentive to maximise 

body-weight gains. It is estimated that for each 1 %  decrease in bodyweight compared to 

genetic potential, there will be a 1 2 %  decrease in breast meat weight (Nixey, unpublished). 

With this incentive to maximise body-weight gain, it is likely that the optimum economic 

requirement for lysine intake will be much nearer to the plateau in body-weight gain 

response when taking the meat off the bone than when the turkeys are being sold in the 

feather, plucked or oven-readied. The prediction table will enable decisions to be taken on 

a rational basis when formulating turkey diets.
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Until good food intake and growth data are available, the commercial nutritionist 

must make a judgement which can be modified in the light of performance. In the 

Discussion Chapter, the indicated g lysine per M J M E requirements for each sex from the 

experiments were illustrated in Figures 54 and 55 and discussed. It w as pointed out that 

there w as close agreement between previously published work and the experiments with 

the exception of the early weeks of life when the experimental w ork indicated a higher 

requirement. Using a best visually judged line through the experimental results at young 

ages and a combination of published and experimental data at older ages indicates the 

following requirements (Table 63). Based on the results of experiments 3 and 4, it is 

presumed that the females have the same requirement as males to 8 weeks of age. On the 

basis of experiment 12 and 13, the slow growing type females would appear to have lower 

requirement between 9 and 12 weeks.

It is recommended that commercial nutritionists initially use these values and then 

modify them in the light of the performance achieved in their situation.

TA B L E  63 R ECO M M EN D ED
LYSIN E.M E R A TIO S

g lysine per M J ME

Males Females

0 - 4 1.50 1.50
4 - 8 1.26 1.26

8 -  12 1.15 0.9 4
12 -  16 0 .8 0 0.6 3
1 6 - 2 0 0 .6 0 0.3 2
2 0 - 2 4 0 .3 3

The information in this thesis on the turkey's lysine requirements should not become 

outdated, being capable of being adjusted as the bird's genetic potential changes. Further 

refinement would require more work on the influence of lysine intake on body composition.



THE BASIS OF A MODEL

Th e  w ork in this thesis provides the basis upon which a predictive model can be 

constructed. Th e  model would require input and output tables similar to those produced 

for lysine to be produced for other possible limiting amino acids. If the problem of 

predicting M E requirements can be overcome, this would enable food intake predictions to 

be made which are the necessary prerequisite to predicting amino acid intakes. Preliminary 

work by the author has indicated Reading Model analysis of ME intakes in existing 

published experiments and also the experiments in this thesis produces values for the a and 

k  constants which when used in conjunction with published goals for different breeds' 

body-weight gains, predicts food consumptions very similar to those obtained in commercial 

practice.

In Chapter 2 the Israel and Edinburgh models were discussed. Both of these models 

require the body-weight gain to be specified either from previous work (Israel model) or 

based on the Gompertz equation (Edinburgh). A  model based upon the Reading model 

equation for various nutrients would enable a prediction to be made of the daily body- 

weight gain likely from a known feeding programme. It would also identify the first limiting 

nutrient. This would considerably more value than the other tw o  models as it could 

simulate experiments. It would also have considerable value for industrial companies as 

an aid for problem solving and as a demonstration tool.
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APPENDIX 
TA B L E  1

TH E  LYSINE C O N C E N TR A TIO N  A N D  T H E  S U M M IT  
A N D  B A S A L  M IX TU R E PR OPO RTION S IN TH E  D IETS  

U S ED  IN EX PER IM EN T 1.

D IE T LYSINE g/kg of g/kg of
NO C O N C E N TR 

A TIO N
(g/kg)

S U M M IT  A , 
M IX TU R E

B A S A L  A , 
M IX TU R E

1 19.00 1000 0
2 17.75 916 .7 83.3
3 16.50 8 3 3 .4 166.6
4 15.25 7 5 0 .0 2 50.0
5 14.00 6 66 .6 3 33.3
6 11.50 5 00 .0 5 00 .0
7 9.00 333 .3 6 66 .6

8* 11.50 333 .3 6 66.6

, Summit A  contained 19g lysine/kg and basal A  contained 4g lysine/kg

2 Diet 8 was formulated as diet 7 and 2.5g lysine was added as L-lysine HCI. The  L- 
lysine HCI was ascribed an equivalent total lysine content of 900g/kg (see page 53).

All diets contained 11.96 M J ME/kg

AP PEN D IX  
TA B L E  2

T H E  LYSINE C O N C E N TR A TIO N  A N D  T H E  S U M M IT  
A N D  B A S A L  M IX TU R E PR OPO RTION S IN T H E  D IE TS  

USED IN EXPER IM EN T 2.

D IE T LYSINE g/kg of g/kg of
NO C O N C E N TR 

A T IO N
(g/kg)

S U M M IT  B, 
M IX TU R E

B A S A L  B, 
M IX TU R E

1 2 0.00 1000 0
2 19.00 857.1 142.9
3 17.75 678.6 3 2 1 .4
4 16.50 500.00 5 0 0 .0
5 15.25 321 .4 6 7 8 .6
6 14.00 142.9 857.1
7 13.00 0 1000

8* 14.00 0 1000

1 Summit B contained 20g lysine/kg and basal B contained 13g lysine/kg.

2 Diet 8 was formulated as diet 7 and 1 .Og lysine was added as L-lysine HCI. The  L-lysine 
HCI was ascribed an equivalent total lysine content of 900g/kg (see page 53).

All diets contained 11.96  M J ME/kg.
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APPEN DIX 
TA B L E  3

T H E  LYSIN E C O N C E N TR A TIO N  A N D  T H E  S U M M IT  
A N D  B A S A L  M IX TU R E PR O PO R TIO N S IN TH E  D IETS  
USED IN EXPER IM EN TS 3 .4 .5 .6 ,7 .1 2 ,1 3 .1 4  A N D  15.

D IE T LYSINE g/kg of g/kg of
NO C O N C E N TR 

A TIO N
g/kg

S U M M IT  A ,  
M IX TU R E

B A S A L  A ,  
M IX TU R E

1 19.0 1000 0
2 16.5 833 .4 166.6

3 14.0 666 .7 333 .
4 11.5 5 00 .0 5 0 0 .0

5 9 .0 333 .3 666 .7

6 6.5 1 66.6 8 33 .4

7 4 .0 0 1000

8* 11.5 3 33.3 6 66.7

t Summ it A  contained I9 g  lysine/kg and basal A  contained 4g lysine.kg.

2 Diet 8 was formulated as diet 5 and 2.5g lysine was added as L-lysine HCI. The  L - 
lysine HCI was ascribed an equivalent total lysine content of 9 00 g/kg (see page 53).

All diets contained 11.96  M J ME/kg.

APPEN DIX 
TA B L E  4

T H E  LYSINE C O N C E N TR A TIO N  A N D  T H E  S U M M IT  
A N D  B A S A L  M IX TU R E PR OPO RTION S IN T H E  D IE TS  

U S ED  IN EXPERIM ENTS 8 ,9 ,1 0  A N D  11.

D IE T LYSINE g/kg of g/kg of

NO C O N C E N TR 
A T IO N
(g/kg)

S U M M IT  C , 
M IX TU R E

B A S A L  C , 
M IX TU R E

1 11.0 1000 0
2 8.5 722.2 2 77 .8
3 6.0 444 .4 555 .6
4 5.0 333 .3 6 6 6 .7
5 4.0 222.2 7 7 7 .8
6 3 .0 111.1 8 88 .9
7 3 .0 0 1000

82 3.0 0 1000

, Summ it C  contained 11g lysine/kg and basal C  contained 2g lysine/kg.

* Diet 8 was formulated as diet 7 and 1.0g lysine was added as L-lysine HCI. Th e  L- 
lysine HCI w as ascribed an equivalent total lysine content of 900g/kg (see page 53).

All diets contained 11.96 M J  ME/kg.
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APPENDIX 
TA B L E  5

C O M P O S ITIO N  O F  TH E  S U M M IT  M IX TU R E S

S U M M IT  C O D E

IN G R EDIEN TS (g/kg) A B C

M AIZE M EAL - - 3 7 0 .2

M AIZE G L U TE N 1 * * M EAL 4 0 0 .0 4 30 .2 -

W H E A TM E A L - - 2 33 .0

S O Y A  BEAN MEAL* 4 27.2 4 6 0 .7 259.9

SUNFLOW ER* M EA L 56.3 - -

M E A T  A N D  BONE M EAL4 46.1 56.3 50.0

SKIM  M ILK A N D  GRASS* M EAL - - 25.0

D IC A LC IU M  P H O SP H A TE 18.3 16.1 21.2

C A L C IU M  C A R B O N A TE 11.9 11.4 9.6

F A T 31.6 16.6 15.0

SO D IU M  CHLORIDE 1.6 1.5 1.1

BINDER 2.0 2 .0 2.0 0

L-TH R EO N IN E - 0 .2 •

V ITA M IN  & M INERAL 
MIXTURE*

5.0 5.0 5.0

1 contained 600g/kg protein
* contained 440g/kg protein
* contained 300g/kg protein
4 contained 500g/kg protein
* contained 340g/kg protein
* composition given in Appendix 9
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APPENDIX 
TABLE 6

ANALYSES OF SUMMIT MIXTURES (g/kfl)

S U M M I T  C O D E

A  B C

N U T R IE N T L A B O R A T 

O R Y

C A L C U 

L A T E D

D E T E R M IN E D

M IX 1 *  M IX  2* M I X  3*

C A L C U 

L A T E D

D E T E R 

M IN E D

C A L C U 

L A T E D

D E T E R 

M IN E D

P R O T E IN * 1 4 6 8 .0 4 2 7 .0 4 3 3 .8 4 6 8 .6 201.1 2 0 9 .6

P R O T E IN * 2 4 6 6 .0 4 6 8 .6 4 7 2 .6 4 6 8 .0 6 1 6 .0

P R O T E IN * 3 4 6 6 .0 4 0 2 .6

O IL 1 4 8 .6 68.6 6 7 .0 6 3 .0 3 6 .8 3 9  1 4 2 .6

F IB R E 6 0 .6 « 2 . 7 3 1 .3

M E  (M J/ k g ) 11.66 11.86 11.66

L Y S IN E 1 1 6 .0 1 6 .6 18  8 1 8 .6 11.0 11.2
L Y S IN E 2 1 6 .0 2 2 .3 1 6 .6 1 6 .1 20.0 1 7 .0 11.0 10.6

M E T H I O N IN E 2 11.0 1 3 .7 7 .8 6.2 11.2 1 0 .3 4 .3 4 .6

M E T  +  C Y S 2 1 6 .4 21.6 1 6  6 1 6 .6 1 8 .6 7.3 8.1

T R Y P T O P H A N 2 4.6 4 .7 2.6

T H R E O N IN E 2 1 6 .7 20.6 1 6 .4 1 7 .6 1 7 .6 1 6 .2 7 .6 8.1

A R G IN IN E 2 2 6 .1 4 0 .0 2 3 .7 2 3 .0 2 6  6 2 8 .1 1 3 .6 12.6

H IS T ID IN E 2 10.6 1 7 .7 8.6 1 1 .4 11.1 10.6 4 .6 6 .3

T Y R  ♦ P H E 2 4 4 .6 7 8 .2 4 3 .4 4 6 .4 4 7 .2 6 3 .1 1 7 .0 2 2 .3

IS O L E U C IN E 2 21.0 2 2 .4 1 7 .7 1 7.1 21.6 21.6 6 6 6 .4

L E U C IN E 2 68.0 7 6 .7 6 3 .3 6 7 .6 6 1 .6 66.1 1 7 .0 1 6 .6

V A L I N E 2 22.6 22.6 16.6 1 6 .2 23.8 21.1 1 0 .7 1 2 .3

C A L C I U M 1 1 4 .0 1 4.1 1 3 .2 1 6 .6 1 4 .0 1 4 .0 20.1

P H O S P H O R U S 1 10.6 6.6 6.0 11.2 10.2 6 .4 I B

A V A IL .  P H O S . 7 .6 7.6 7 .6

S O D IU M

C H L O R ID E

1 3 .0 2.6 3.1 3 .6 3 .0 2 .0 4.6

* mix for experiments 3 and 4

k mix for experiments 1, 5, 6, 7

* mix for experiments 12, 13, 14, 15

* Protein by gN x 6.25

Laboratory 1 

Laboratory 2 

Laboratory 3

Colborn Dawes Ltd 
Heanor, Derby. 
Nottingham University 
Sutton Bonnington. 
Pritchard Laboratories 
Birkenhead.
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APPENDIX COMPOSITION OF THE BASAL
TABLE 7 MIXTURES

BASAL CODE

INGREDIENTS <g/kg) A B C

MAIZE MEAL 664.3

MAIZE GLUTEN’ MEAL 36.0 259.9

WHEAT MEAL 700.0 372.5 135.2

BARLEY MEAL 173.S

BARLEY STRAW 120.0

SOYA BEAN MEAL* 29.8 302.5

DICALCIUM PHOSPHATE 35.7 31.5 37.2

CALCIUM CARBONATE 12.4 14.0 11.6

FAT 3.2 10.4 15.0

SODIUM CHLORIDE 2.1 2.2 1.7

BINDER 2.0 2.0 10.0

VITAMIN AND MINERAL 5.0 5.0 5.0
MIXTURE3

1 contained 600g/kg protein 
1 contained 440g/kg protein 
1 composition given in Appendix 9
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APPENDIX 
TABLE 8

ANALYSES OF BASAL MIXTURES <g/kg>

B A S A L  C O D E
A  B  C

N U T R IE N T L A B O R 

A T O R Y

C A L C U 

L A T E D

D E T E R M IN E D

M IX  I s M IX  2* M IX  r

C A L C U 

L A T E D

D E T E R 

M IN E D

C A L C U 

L A T E D
D E T E R 

M IN E D

P R O T E IN 4 1 1 2 1 .3 1 6 2 .0 1 3 3 .3 1 4 3 .7 7 6 .0 9 2 .3

P R O T E IN * 2 1 2 1 .3 1 6 9 .4 1 9 6 .3 3 2 3 .6 3 4 2 .3

P R O T E IN * 3 1 2 1 .• 1 4 7 .0

O IL 1 1 S .7 1 7 .0 2 .4 2 .1 0 2 9 .9 4 6 .0 4 7  9

F IB R E 3 0 .3 3 7 .0 6 7 .0

M E  (M J/ k g ) 1 1 . 9 « 1 1 .9 9 1 1 .9 9

L Y S IN E 1 4 .0 4 .3 6 .3 4 .9 2 .0 3 .9

L Y S IN E 2 4 .0 7 .2 6 .0 4 .9 1 3 .0 1 1 .2 2 .0 3 .4

M E T H I O N IN E 2 3 .1 4 .3 2 .9 2 .9 7 .0 7 .2 2 .4 2 .9

M E T  +  C Y S 2 6 .2 7 .4 6 .3 1 1 .7 1 3 .9 3 .9 3  9

T R Y P T O P H A N 2 1 .4 3 .4 0 .3

T H R E O N IN E 2 3 .7 6 .3 6 .3 4 .9 1 1 .4 1 2 .3 2 .8 3 .1

A R G IN IN E 2 6 .B 8 .8 9 .2 1 7 .0 1 9 .4 3 .8 6 .3

H IS T ID IN E 2 2 .3 6 .3 3 .3 3  8 7 .4 7 .4 1 .8 2 .1

T Y A  ♦ P H E 2 1 0 .3 2 1 .8 1 3 .7 1 2 .7 3 1 .3 3 6 .2 7 .3 7 .0

IS O L E U C IN E 2 1 .2 7 .1 6 .4 3 .4 1 4 .8 1 4 .2 3 .0 3  8

L E U C IN E 2 1 0 .0 1 9 .0 1 4 .3 1 4 .3 3 9 .1 4 2 .3 3 .1 3  3

V A L IN E 2 « 7 3 .0 1 .7 8 .8 1 6 .8 1 4 .8 4 .0 3 . «

C A L C IU M 1 1 4 .0 1 3 .4 1 2 .4 1 4 .3 1 4 .0 1 4 .1 2 1 .3

P H O S P H O R U S 1 1 0 .6 3 .4 7 .7 9  9 1 0 .0 9 .1 I I

A V A IL .  P H O S 7 .8 7 .6 7 .3

S O D IU M

C H L O R ID E

1 1.0 1 .0 3 .9 2 .7 3 .0 3 .0 1 .7

* mix for experiments 3 and 4

b mix for experiments 1, 5, 6, 7

* mix for experiments 12, 13, 14; 15

* protein calculated by g N x 6 .25

Laboratory 1 

Laboratory 2 

Laboratory 3

Colborn-Dawes Ltd 
Heanor, Derby 
Nottingham University 
Sutton Bonnington 
Pritchard Laboratories 
Birkenhead
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APPENDIX VARIOUS RECOMMENDED DIETARY AMINO ACID
TABLE 10 CONCENTRATIONS AND PATTERNS RELATIVE TO

LYSINE MOO) FOR TURKEYS

N.R.C. SUMMERS A.R.C. NOTTINGHAM MEAN
(1977) & LEESON (1975) UNIVERSITY AMINO

(1976) ACID

AMINO g/kg LYS- g/kg LYS- g/kg LYS- g/kg LYS- LYS-
ACID • 100 100 100 100 100

LYS 17.0 100 17.1 100 13.0 100 13.6 100 100
ARG 16.0 94 17.5 102 12.0 92 13.6 100 97
HIS 5.8 34 6.0 35 5.0 38 5.3 39 37
TRP 2.0 15 2.9 17 2.2 17 2.5 18 17
THR 10.0 59 11.0 64 9.0 69 9.9 73 66
PHE 10.0 59 10.8 63 8.0 62 9.5 70 64
P + T 18.0 106 19.4 113 14.0 108 16.0 118 111
MET 5.3 31 5.6 33 5.0 38 6.1 45 37
M + C 10.5 92 9.5 56 8.0 62 8.7 64 61
LEU 19.0 112 20.5 120 14.0 108 17.7 130 118
ILE 11.0 65 11.9 70 9.0 69 11.7 86 73
VAL 12.0 71 13.0 73 10.0 77 11.0 85 77
GLY 10.0 59 12.0 70 9.0 69 10.4 76 69

AGE 0-4 0-4 0-8 0-4
(WEEKS)

LYS. LYSINE; ARG, ARGININE; HIS, HISTIDINE; TRP, TRYPTOPHAN; THR, THREONINE; PHE, PHENYLALANINE; 
P + T, PHENYLALANINE PLUS TYROSINE; MET. METHIONINE M + C. METHIONINE PLUS CYSTINE;
LEU, LEUCINE; ILE, ISOLEUCINE; VAL, VALINE; GLY, GLYCINE.
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APPENDIX 
TA B L E  11

EXPERIM ENT 1 READING M O D EL LYSIN E IN P U T A N D  B O D Y  
W E IG H T G AIN  O U T P U T  PR EDICTIO N S

1 )4  T O  13 D A Y S  O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T NO
g/kg O F  D IET

g/BIRD D 
C O N S U M E D

O BSERVED PR EDICTED

7 9.0 0 0.11 4.9 5.1

6 11.50 0 .1 6 7.9 7 .4

8 11.50 0.1 9 9.9 8.8

5 14.00 0.2 4 11.9 11.2

0 .2 6 12.1

0.2 8 13.0

0.3 0 14.0

4 15.25 0.31 14.7 14.4

0.32 14.9

0.34 15.8

3 16.50 0.35 15.8 16.2

0.3 6 16.6

2 17.75 0.38 15.7 17.3

0.42 18.2

1 19.00 0.4 3 18.2 18.4

0.4 6 18.7

0.4 9 18.8

Based on W  ■» 0 .137kg a *w  ■» 0 .0 0 2 3
a - 2 1 . 3 1  ctW  -  0 .0 1 4 9
b  -  0 .0 1 5 5
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APPENDIX 
TA B L E  12

EXPERIM EN T 1 R EADING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G A IN  O U T P U T  PR EDICTIO N S

1 )4  T O  22  D A Y S  O F A G E

LYSINE D A T A B O D Y -W E IG H T G A IN  
(g/BIRD D)

D IE T N O
g/kg O F D IET

g/BIRD D 
C O N S U M ED

O BSERVED PR EDICTED

7 9 .0 0 0.1 4 6.8 6.5

6 11.50 0.2 3 11.4 10.7

8 11.50 0.2 7 13.7 12.5

0.3 0 13.9

0.3 2 14.9

0.3 4 15.8

5 14.00 0.3 6 17.0 16.7

0.3 8 17.6

0.4 0 18.5

0.42 19.3

4 15.25 0.4 4 19.1 19.9

0.4 6 20.5

3 16.50 0.4 8 20.1 2 0 .8

0.51 21.1

2 17.75 0.52 20.2 21.2

0.5 4 21.3

1 19.00 0.6 0 21.7 21.3

Based on W  -  0 .214kg a *w -  0 .0 0 2 2
â - 2 1 . 4 2  oW  -  0 .0 2 2 5
fc -  0 .0 0 8 6
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APPEN DIX 1 EXPERIM EN T 1 READING M O D EL LYSIN E IN P U T A N D  B O D Y - 
TA B L E  13 | W E IG H T G A IN  O U T P U T  PR EDICTION S

1) 4  T O  13 D A Y S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F D IET

g/BIRD D 
C O N S U M ED

OBSERVED PR EDICTED

7 13.00 0 .2 4 11.8 11.4

0.2 5 11.8

6 14.00 0 .2 6 12.7 12.3

0.2 7 12.8

8 14.00 0.2 8 14.3 13.3

0 .3 0 14.2

0.3 2 15.1

5 15.25 0.3 3 16.5 15.6

4 16.25 0.3 4 15.0 16.0

0.3 6 16.7

0.3 8 17.3

3 17.75 0.39 16.6 17.5

0.4 0 17.6

0.4 2 17.8

2 20.00 0.4 4 16.7 17.9

1 19.00 0.44 18.4 17.9

Based on W  -  0 .161kg <t a w  -  0 .0 0 1 8
3 -  20.9 7  oW  -  0 .0 1 2 0
b  -  0 .0 1 0 9
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APPENDIX 
TA B L E  14

EXPERIM EN T 2 R EADING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G A IN  O U T P U T  PR EDICTIO N S

1 )4  T O  22 D A Y S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F D IET

g/BIRD D 
C O N S U M ED

OBSERVED PR ED ICTED

7 13.00 0 .3 5 17.0 16.6

0.3 8 18.0

6 14.00 0.3 9 18.4 18.5

0.4 0 18.9

0.4 2 19.8

8 14.00 0.43 20.9 20.2

0.4 4 20.6

0.4 6 21.2

0.4 8 21.7

5 15.25 0.49 21.9 21.9

0.5 0 2 2 .0

4 16.50 0.51 20.9 22.1

0.52 22.2

0.5 4 22.4

3 17.75 0.57 22.2 22.4

2 19.00 0.63 23.3 22.4

1 2 0.0 0 0.6 4 21.7 22.4

Based on W  ■ 0.274kg c a w  ■ 0 .0 0 2 3
I  -  2 0 .9 7  o W  -  0 .0 2 4 0
ii -  0 .0 0 4 7
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APPENDIX 
TA B LE  15

EXPERIM ENT 3  READING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G AIN  O U T P U T  PR ED ICTIO N S FOR M ALE TU R K E Y S , 
4  T O  7  W EEK S O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F D IET

g/BIRD D 
C O N S U M ED

O BSERVED PR EDICTED

7 4.0 0 .3 0 23.9 8.5

6 6.5 0.71 27.9 20.2

5 9.0 1.51 4 1 .3 4 3 .0

2.0 0 56.9

4 11.5 2.25 56.1 6 3 .6

2.5 0 63.9

2 .6 0 70.3

2.7 0 71.2

8 14.0 2.7 6 72.7 71.6

2.80 71.7

2.9 0 7 2 .0

3.0 4 72.2

3 14.0 3.3 8 7 0 .0 72.2

3.6 0 72.2

2 19.0 3.71 7 4 .9 72.2

1 16.5 3.8 2 72.2 72.2

Based on W  ■  0.323kg o a w  • 0 .0 0 6 8
a -  3 5 .1 3  oW  -  0 .0845
H  -  0.0010
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APPEN DIX 
TA B L E  16

EXPERIM ENT 4  READING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G A IN  O U T P U T  PR ED ICTIO N S FOR FEM ALE TU R K E Y S , 
4  T O  7 W EEK S O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F D IE T

g/BIRD D 
C O N S U M E D

O BSERVED PR EDICTED

7 4 .0 0 .2 6 14.4 7.3

6 6.5 0.5 2 16.3 14.7

5 9.0 0.8 9 24.4 2 5 .2

1.00 28.3

1.20 3 4 .0

1.40 3 9 .4

4 11.5 1.48 3 5 .4 4 1 .3

1.60 4 3 .3

1.70 44.1

3 14.0 1.75 4 3 .0 4 4 .3

8 14.0 1.77 44.2 4 4 .4

1.83 4 4 .5

1.98 4 4 .5

2.03 4 4 .5

2 16.5 2.22 4 5 .2 4 4 .5

1 19.0 2.36 4 6 .9 44.5

Based on W  -  1,034kg o a w  -  0 .0 0 3 9
1 -  3 5 .2 2  o W  -  0 .0562
fc -  0 .0 0 3 6
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APPEN DIX 
TA B L E  17

EXPERIM EN T 5 R EADING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G A IN  O U T P U T  PR ED ICTIO N S FOR FEM ALE TU R K E Y S , 
9 T O  12 W EEKS O F  A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F  D IET

g/BIRD D 
C O N S U M E D

O BSERVED PR EDICTED

7 4.0 0 .8 4 4 2 .0 3 5 .9

6 6.5 1.62 68.6 69.9

1.80 7 7 .8

2.0 0 86.2

2.30 95.1

2.40 96.5

5 9.0 2.48 93.1 97.1

2.5 0 97.2

2.61 97.5

2.70 97.5

2.73 97.5

4 11.5 3.13 98.6 97.5

8 11.5 3.18 99.8 97.5

3 14.0 3.9 0 98.6 97.5

2 16.5 4.53 9 7 .0 97.5

1 19.0 5.60 98.6 97.5

Based on W  -  4 .305kg <7a w  ■ 0 .0 0 8 3
3 -  22.91 o W  -  0 .2 5 4 6
fc -  0 .0 0 4 0
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APPEN DIX . 
TA B L E  18

EXPERIM EN T 6 READING M O D EL LYSIN E IN P U T A N D  B O D Y ’ 
W E IG H T G A IN  O U T P U T  P R ED ICTIO N S FOR M ALE TU R K E Y S , 
15 T O  18 W EEK S O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F D IET

g/BIRD D 
C O N S U M E D

OBSERVED PR ED ICTED

7 4 .0 1.64 70.2 70.3

1.70 73.4

1.80 77.8

1.90 81.3

2 .0 0 83.5

2 .1 0 84.5

2.2 0 8 5 .0

2 .2 4 8 5 .0

2.28 85.1

6 6.5 2.7 9 90.1 85.1

5 9 .0 3.8 2 89.3 85.1

4 11.5 4.85 8 7 .7 85.1

8 11.5 4.92 88.5 85.1

3 14.0 5.71 7 5 .8 85.1

2 16.5 7.01 85.3 85.1

1 19.0 8.0 0 78.9 85.1

Based on W  -  8.079kg a*w « 0.0082
a - 1 8 . 2 6  aW -  0.5032
fc -  0.0435
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APPENDIX 
TA B L E  1$

EXPERIM ENT 7 READING M O D EL LYSIN E IN P U T A N D  B O D Y - 
W E IG H T G A IN  O U T P U T  P R ED ICTIO N S FOR M A LE TU R K E Y S , 
15 T O  18 W EEK S O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F D IET

g/BIRD D 
C O N S U M ED

OBSERVED PR EDICTED

7 4 .0 1.54 65.9 65.9

1.70 75.0

1.90 8 3 .0

2 .0 0 84.7

2 .0 4 85.1

2.06 85.2

2.1 0 85.3

2.1 6 85.4

2.1 8 85.5

6 6.5 2.52 86.0 85.5

5 9.0 3.49 92.1 85.5

4 11.5 4.35 89.7 85.5

8 11.5 4.57 8 9 .0 85.5

3 14.0 5.17 81.3 85.5

2 16.5 6.35 82.1 85.5

1 19.0 7.0 2 7 8 .4 85.5

Based on W  =■ 8.482kg o l w  -  0 .0 0 7 0
3 -  16.88 oW  -  0.4991
b  -  0 .0 5 0 3
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APPEN DIX 
TA B L E  20

EXPERIM EN T 8 READING M O D EL LYSIN E IN P U T A N D  BODY* 
W E IG H T G A IN  O U T P U T  PR ED ICTIO N S FOR M A LE TU R K E Y S , 
15 T O  18 W EEK S O F A G E

LYSINE D A T A
B O D Y -W E IG H T G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F D IET

g/BIRD D 
C O N S U M ED

OBSERVED PR EDICTED

7 2.0 0.8 5 42.1 3 7 .6

1.00 44.3

8 3.0 1.24 57.1 55.0

6 3.0 1.34 69.8 59.4

1.50 66.3

5 4 .0 1.64 56.8 7 2 .0

1.80 7 7 .7

2 .0 0 83.1

2.15 85.8

4 5.0 2.29 80.2 87.2

2.4 0 87.9

2.5 8 88.4

2.6 8 88.5

3 6.0 2.76 88.1 88.5

2 8.5 3.8 4 84.1 88.5

1 11.0 5.0 6 96.8 88.5

Based on W  -  8.517kg o a w  ■  0 .0 1 4 4
a -  2 2 .2 3  oW  -  0 .4 7 5 7

-  0 .0 0 1 9
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APPENDIX 
TA B L E  21

E X P E R IM E N TS  READING M O D EL LYSINE IN PU T A N D  B O D Y ’ 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR FEM ALE TU R K E Y S , 
15 T O  18 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.0 0.75 4 6.8 37.2

0.8 0 3 9 .8

44.8 0.9 0 4 4.8

1.00 4 9 .7

8 3.0 1.09 47.6 53.7

6 3.0 1.18 54.0 57.0

1.20 57.7

1.24 58.8

1.26 59.3

1.30 60.1

5 4.0 1.49 66.7 61.9

1.60 62.2

4 5.0 1.84 61.1 62.2

3 6.0 2.13 70.6 62.2

2 8.5 2.64 51.6 62.2

1 11.0 3.60 62.7 62.2

Based on W  -  5.775kg o a w  -  0 .0085
â -  19.65 o W  -  0.4461
h  -  0 .0 0 3 2
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APPENDIX 
T A B L E  t z

EXPERIMENT 9  READING M O D E L  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GAIN O U T P U T  PREDICTIONS FOR M ALE TU R K E Y S , 
15 T O  18 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IET  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.0 0.64 32.5 2 6.2

0.8 0 3 3 .0

8 3.0 1.06 51.6 4 3 .9

6 3.0 1.09 46.0 4 5 .2

1.30 54.1

5 4.0 1.42 58.7 59.1

1.60 66.6

4 5.0 1.76 59.5 73.1

2.00 82.4

2.25 90.5

3 6.0 2.53 99.4 97.2

2.70 99.6

2.90 101.4

3.04 102.0

2 8.5 3.33 100.8 102.5

3.68 102.7

1 11.0 4.43 99.2 102.7

Based on W  >■ 8.949kg a *w *» 0 .0177
a -  2 3 .67  o W  -  0.6511
b -  0.0022
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APPENDIX 
T A B L E  23

EXPERIMENT 9 READING M O D EL  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR FEM ALE T U R K E Y S . 
15 T O  18 W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IET  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.00 0.54 55.6 4 1.5

0.60 46.1

0.64 4 9.2

0.68 52.3

0 .70 53.8

8 3.00 0.73 53.2 56.0

0.76 58.1

0 .80 60.8

0.84 63.3

6 3.00 0.8 6 57.9 64.4

1.09 71.2

5 4.00 1.18 7 4.6 71.7

1.24 71.8

4 5.00 1.39 73.5 71.8

3 6.00 1.56 65.9 7 1.8

2 8.50 2.27 7 8.6 7 1.8

1 11.00 2.79 6 4.7 7 1.8

Based on W  «  5.913kg c ta w  -  0.0101
a -  12.92 o W  -  0 .3862
b  -  0 .0 0 0 6
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APPENDIX 
T A B L E  24

EXPERIMENT 10 READING M O D E L  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GA IN  O U T P U T  PR EDICTIONS FOR M ALE T U R K E Y S , 
17 T O  2 0  W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

D IE T  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.00 0.79 55.6 3 8 .8

1.00 4 9.2

8 3.00 1.15 52.4 56.6

6 3.0 1.30 7 0.6 6 4.0

1.50 7 3.8

5 4.00 1.77 85.7 86.9

1.90 92.9

2.10 101.1

2.20 104.6

4 5.00 2.34 99.2 108.5

2.40 109.8

2.6 0 112.8

2.72 113.7

3 6.00 2.93 118.3 114.4

3 .10 114.6

2 8.50 4.42 111.9 114.6

1 11.00 5.32 112.7 114.6

Based on W  -  10.402kg a tw  -  0 .0162
a »  2 0 .24  ctW  -  0 .8 5 4 7
b  -  0 .0005
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APPENDIX 
T A B L E  25

EXPERIMENT 10 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  G A IN  O U T P U T  PREDICTIONS FOR FEM ALE TU R K E Y S , 
17 T O  20 W EEK S OF A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

D IET  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.0 0.77 57.9 47.8

0 .90 55.9

1.00 62.1

6 3.0 1.12 58.7 68.9

8 3.0 1.12 68.8 68.9

1.20 7 2.4

1.28 7 4.8

1.36 7 6.0

1.40 76.3

1.48 76.5

1.50 7 6.6

5 4.0 1.71 83.3 76.6

4 5.0 1.80 67.5 7 6.6

3 6.0 2.42 77.8 76.6

2 8.5 3.18 76.2 7 6.6

1 11.0 4.32 81.0 76.6

Based on W  -  6.740kg c a w  -  0 .0078
3 “  15.97 o W  -  0 .4900
J2 -  0.0010
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EXPERIMENT 11 READING M O D E L  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR M A L E T U R K E Y S , 
17 T O  20 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IET  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.0 0.81 46.8 3 8.5

1.00 4 7.7

8 3.0 1.24 54.0 5 9.4

6 3.0 1.32 71.4 63.2

1.50 7 1.6

5 4.0 1.73 74.5 81.2

2.00 89.5

2.10 91.5

2.20 93.0

4 5.0 2.27 108.4 93.8

2.40 94.7

2.42 94.8

3 6.0 2.61 98.4 95.3

2.78 95.5

2 8.5 3.73 88.9 95.5

1 11.0 5.66 89.7 95.5

Based on W  »  11.125kg a tw  -  0 .0 1 6 3
3 -  2 0.48  c W  -  0 .5974
h  -  0.0020
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EXPERIMENT 11 READING M O D E L  LYSINE IN PU T A N D  B O D Y - 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR FEM ALE TU R K E Y S , 
17 T O  20 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

D IET  NO
g /kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 2.0 0.67 42.1 4 1 .0

0.70 4 2.7

0.74 4 4.7

0.78 4 6 .6

0.82 4 8.2

0.86 4 9 .6

0.90 50.7

0.94 51.6

0.98 52.2

6 3.0 1.08 52.2 53.1

8 3.0 1.09 44.4 53.2

1.22 53.4

5 4.0 1.36 49.2 53.4

4 5.0 1.93 67.4 53.4

3 6.0 2.06 57.7 53.4

2 8.5 2.91 49.2 53.4

1 11.0 4.60 52.4 53.4

Based on W  -  7.358kg o a w  -  0 .0096
a -  15.91 o W  -  0 .5 5638
fc -  0 .0012
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EXPERIMENT 12 READING M O D EL  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GAIN O U T P U T  PREDICTIONS FOR U R G E  T Y P E  
M A LES, 9 T O  12 W EEKS O F  A G E

LYSINE D A T A
B O D Y  W E IG H T  GA IN  

(g/BIRD D)

D IET  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4 .00 1.10 55.6 52.6

1.50 72.3

1.80 87.0

6 6.50 2.06 98.4 99.7

2.20 106.1

2.40 112.8

2.50 114.5

2.60 115.3

2.68 115.6

2.76 115.7

5 9.00 2.90 115.7 115.7

4 11.5 3.92 123.8 115.7

3 14.0 4.91 117.5 115.7

2 16.5 5.97 112.7 115.7

1 19.0 6.54 107.9 115.7

Based on W  »  5.034kg p a w  -  0 .0082
3 -  20.33 o W  -  0 .2696
b  -  0.0061
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EXPERIM ENT 12 READING M O D E L  LYSINE IN P U T A N D  B O D Y ' 
W E IG H T  G A IN  O U T P U T  PREDICTIONS TO R  LARGE TY P E  
FEM ALES. 9 T O  12 W EEKS O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

DIET NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

0 .60 33.2

0.70 38.8

7 4.0 0 0.81 52.4 4 4.9

0.9 0 5 0.0

1.00 55.5

1.10 61.0

1.20 66.3

1.30 71.5

1.54 80.8

6 6.50 1.62 76.2 82.5

1.96 84.6

5 9.00 2.34 85.7 84.6

8 11.50 2.97 92.1 84.6

4 11.50 2.99 87.3 84.6

3 14.00 3.93 9 3.6 84.6

2 16.50 4.19 7 6.2 84.6

1 19.00 4.76 7 4 .6 84.6

Based on W  ■  3.742kg auw  ■ 0 .0105
3 -  17.99 o W  -  0 .2940
h  »  0 .0006
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EXPERIMENT 12 READING M O D E L  LYSINE IN P U T A N D  BODY* 
W E IG H T  GA IN  O U T P U T  PR EDICTIONS FOR 
S M A LL  T Y P E  M A L ES , 9 T O  12 W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4 .00 0 .76 3 1.7 3 1 .6

1.00 4 4 .6

1.20 54.3

1.40 62.5

1.50 65.0

6 6.50 1.58 66.3

1.70 67.2

1.78 67.7

1.84 67.9

1.93 6 8 .0

5 9.00 2.39 7 6.2 6 8.0

4 11.50 2.92 71.4 68.0

8 11.50 2.96 66.7 6 8.0

3 14.00 3.51 5 4.0 6 8.0

2 16.50 4.09 68.2 68.0

1 19.00 5.25 7 1 .4 6 8.0

Based on W  -  3.517kg <t a w  -  0 .0116
3 -  18.16 o W  -  0 .2452
fc -  0.0531
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EXPERIMENT 12 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  G A IN  O U T P U T  PREDICTIONS FOR 
S M A LL  TY P E  FEM ALES, 9 T O  12 W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

DIET NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

0.50

0.56

0.62

0.6 8

7 4.00 0.71 13.7

0.80 21.3

0 .90 28.6

0.96 35.3

1.02 38.3

6 6.50 1.35 50.8 44.8

5 9.00 1.70 4 4.4 47.8

8 11.50 2.19 57.7 4 8.4

4 11.50 2.19 57.7 48.6

3 14.00 2.51 42.9 48.6

2 16.50 3.27 50.8 48.6

1 19.00 3.35 34.9 48.6

Based on W  -  2.635kg a *w -  0 .0093
â -  7 .80  o W  -  0 .2624
h  -  0 .1492
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EXPERIMENT 13 READING M O D E L  LYSINE IN P U T A N D  BO D Y » 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR 
LARGE T Y P E  M A L E S , 9 T O  12 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IET  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4.00 0.77 38.1 3 9.9

1.00 52.3

1.20 63.0

1.40 73.7

1.60 8 4.4

6 6.5 0 1.86 117.5 9 7.7

1.90 99.7

2.00 104.4

2.08 107.9

2.16 111.1

5 9.00 2.84 127.8 124.1

8 11.50 2.87 87.3 124.2

4 11.50 2.99 125.4 124.5

3.20 124.8

3 14.00 4.44 141.3 124.8

2 16.50 4 .90 119.0 124.8

1 19.00 5.55 122.2 124.8

Based on W  «  4.850kg <t a w  ■  0 .0185
3 -  18.64 o W  -  0 .4487
b  -  0 .0 0 5 3
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EXPERIMENT 13 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR 
L AR G E T Y P E  FEM ALES, 9  T O  12 W E E K S  O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

DIET NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4.00 0.62 27.0 27.4

1.00 44.5

1.20 53.7

6 6.50 1.44 73.0 64.6

1.60 71.5

1.70 75.5

1.80 79.3

1.90 81.9

5 9.00 1.99 69.8 83.8

2.00 84.0

2.06 84.9

4 11.50 2.29 94.5 86.6

2.40 86.9

8 11.50 2.79 90.5 86.9

3 14.00 3.29 88.9 86.9

2 16.50 3.98 82.5 86.9

1 19.00 4.43 85.7 86.9

Based on W  =» 3 .505kg <7a w  -  0 .0108
A -  22.01 c W  -  0 .3652
fe “  0.0049
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EXPERIMENT 13 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  GAIN O U T P U T  PREDICTIONS FOR 
S M A LL T Y P E  M A L ES , 9 T O  12 W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IET  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4 .00 0 .60 30.2 29.5

1.00 5 0.0

1.20 59.9

6 6.50 1.35 68.2 6 6.7

1.40 6 8.8

1.50 72.2

1.60 7 4.7

1.70 76.3

1.76 7 7.0

5 9.00 1.83 70.7 77.6

2.05 78.0

8 11.50 2.42 80.5 78.0

4 11.50 2.54 7 9.4 7 8.0

3 14.00 3.00 85.7 78.0

2 16.50 3.27 77.8 78.0

1 19.00 3.74 68.2 7 8.0

Based on W  -  3 .400kg c a w  -  0 .0112
a - 1 9 . 5 4  o W  -  0 .2995
b  -  0 .0068
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EXPERIMENT 13 READING M O D E L  LYSINE IN P U T A N D  B O D Y '  
W E IG H T  GA IN  O U T P U T  PREDICTIONS FOR 
S M A L L  TY P E  FEM ALES, 9  T O  12 W EEK S O F  A G E

LYSINE D A T A
B O D Y -W E IG H T  GA IN  

(g/BIRD D)

D IET  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

0 .10 0 .6

0 .20 7.8

0 .30 15.1

0.40 22.4

0.50 29.7

7 4.00 0.62 38.1 38.4

0.70 43.9

0.80 48.7

0.94 50.3

6 6.50 1.11 54.0 50.3

5 9.00 1.37 4 6.0 50.3

8 11.50 1.66 47.6 50.3

4 11.50 2.08 52.4 50.3

3 14.00 2.33 57.1 50.3

2 16.50 2.64 52.4 50.3

1 19.00 3.02 42.9 50.3

Based on W  =  2 .6 1 8ko <7a w  -  0 .0079
a -  13.72 o W  -  0.2791
fc -  0 .0353
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EXPERIMENT 14 READING M O D E L  LYSINE IN P U T A N D  BO D Y « 
W E IG H T  G A IN  O U T P U T  P R EDICTION S FROM  6  T O  9 W E E K S , 
FOR M ALE T U R K E Y S  REARED O N  T W O  DIFFERENT PLAN ES O F  
N U TR ITIO N  PRIOR T O  6 W EEK S O F  A G E

A )  HIGH PLANE O F  N U TR ITIO N

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  NO
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4.00 0 .37 15.7 15.8

6 6.50 0 .89 46.1 3 8 .6

1.00 4 3 .4

5 9.00 1.20 48.3 5 2.0

1.30 56.1

1.40 59.9

1.50 63.1

1.60 65.4

1.70 6 7 .0

1.80 67.9

4 11.50 1.88 7 3.7 68.2

8 11.50 1.89 7 0 .0 68.3

2.02 68.5

3 14.00 2.27 6 9.0 68.5

2 16.50 2.50 6 6.4 68.5

1 19.00 2.95 63.9 68.5

Based on W  *  1.928kg c a w  ■  0 .0 0 9 0
â -  2 2 .86  o W  -  0 .1189
b  -  0 .0042
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EXPERIMENT 14 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  GA IN  O U T P U T  PREDICTIONS FROM  6 T O  9 W EEK S , 
FOR M ALE TU R K E Y S  REARED O N  T W O  DIFFERENT PLANES OF 
N U TR ITIO N  PRIOR T O  6 W EEK S O F  A G E

B) L O W  PLANE O F  N UTR ITIO N

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4.0 0 0.31 15.7 14.9

6 6.50 0.81 4 4.4 39.5

1.20 58.6

5 9.00 1.30 59.4 63.1

1.40 66.9

1.50 6 9.6

1.60 71.8

1.65 7 2.4

1.70 7 2.8

1.73 7 3 .0

1.77 73.1

8 11.50 1.81 7 7.6 73.2

4 11.50 1.82 75.9 73.3

1.90 7 3.4

3 14.00 2.16 7 5.0 7 3.4

2 16.50 2.47 71.6 73.4

1 19.00 2.66 64.9 73.4

Based on W  -  1.721kg <j l w  «  0 .0089
â -  20.29 o W  -  0 .1163
il -  0 .0046

224



APPENDIX 
T A B L E  38

EXPERIMENT 15 READING M O D E L  LYSINE IN P U T A N D  B O D Y -  
W E IG H T  G A IN  O U T P U T  PR EDICTION S FROM  9 T O  12 W EEKS, 
FOR M A L E  TU R K E Y S  REARED O N  T W O  DIFFERENT PLAN ES O F  
N U TR ITIO N  PRIOR T O  9 W EEK S O F  A G E

A )  HIGH PLANE O F  N U TR ITIO N

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  NO 0/kg O F  DIET
g/BIRD D 

C O N S U M E D
OBSERVED PREDICTED

7 4.00 0 .79 34.9 3 5 .7

6 6.50 1.52 7 8 .4 6 9.9

5 9.0 2 .44 98.6 108.6

2.5 0 110.0

2.6 0 112.1

2.7 0 113.6

2.80 114.5

2 .90 115.0

3 .00 115.3

3 .06 115.4

4 11.50 3 .12 123.8 115.5

3 .20 115.6

8 11.50 3.63 116.3 115.6

3 14.00 3.91 122.6 115.6

2 16.50 4.41 116.1 115.6

1 19.00 4.89 110.5 115.6

Based on W  -  3 .977kg (t a w  -  0 .0138
S - 2 1 . 3 9  oW  -  0 .3637
h  -  0 .0 0 6 3
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EXPERIMENT 15 READING M O D E L  LYSINE IN P U T A N D  B O D Y - 
W E IG H T  GA IN  O U T P U T  PREDICTIONS FROM  9 T O  12 W EEKS. 
FOR M ALE TU R K E Y S  REARED O N  T W O  DIFFERENT PLANES O F  
N U TR ITIO N  PRIOR T O  9 W EEK S O F  A G E

B) L O W  PLANE O F  N U TR ITIO N

LYSINE D A T A
B O D Y -W E IG H T  G A IN  

(g/BIRD D)

D IE T  N O
g/kg O F  DIET

g/BIRD D 
C O N S U M E D

OBSERVED PREDICTED

7 4.00 0.5 8 25.4 2 6.4

6 6.50 0 .9 4 52.4 8 9.0

5 9.00 1.98 89.5 90.8

2.1 0 9 6.0

2.20 99.8

2.30 102.8

2.40 105.0

2.45 105.7

4 11.50 2.51 102.8 106.3

2.55 106.6

2.60 106.9

2.76 107.2

3 11.50 2.89 98.8 107.2

8 14.00 3 .50 110.3 107.2

2 16.50 3.72 108.5 107.2

1 19.00 4.44 107.1 107.2

Based on W  -  2.723kg atw  -  0 .0089
3 - 2 1 . 6 7  o W  -  0 .4042
b  -  0 .0 0 3 3
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APPENDIX TABU 40 THE CALCULATED NUTRIENT VALUES OF INGREDIENTS <g/kfl»

INGREDIENT

N U T R I E N T B A R L E Y B A R L E Y C A L C IU M D I C A L C IU M F A T M A IZ E M A IZ E M E A T P R E - S K IM S O Y A S U N - W H E A T

S T R A W C A R B O N A T E P H O S P H A T E G L U T E N A M IX M IL K B E A N F L O W E R

B O N E A
G R A S S

P R O T E IN 1 0 0 2 6 . 88 6 0 0 6 0 0 . 3 4 0 4 3 0 3 0 0 1 0 0

O IL 1 9 16 1 0 0 0 3 9 2 6 6 0 . 1 0 11 1 0 17

F IB R E 4 6 3 6 0 . 1 7 2 6 2 6 • 6 6 6 2 0 2 6

M E  K c t f o A g 2 7 7 2 7 2 7 6 3 4 3 2 3 6 6 3 2 2 2 2 • 2 4 7 0 2 2 4 4 1 8 6 0 3 0 8 0

L Y S IN E 3 .6 . 2 .4 1 1 .6 2 6 .0 . 2 2 .6 2 9 .0 1 1 .4 3 0

M E T H I O N IN E 1 .7 • 1 .9 1 6 .8 7 .0 1 8 0 8 .6 6 .7 1 0 .2 1 .8

M E T  B C Y S 3 .8 . 3 .6 2 0 .8 1 3 0 1 8 0 1 3 .8 1 3 .6 1 4.1 3 .6

T R Y P T O P H A N 1 .4 . 0 .6 3 .0 2 .6 4 .4 7 0 3 .8 1 .2

| T H R E O N IN E 2 .9 . 3 .4 2 0 . 1 6 .3 1 7.1 1 7 0 1 2 0 2.8

]  A R G IN IN E 4 .6 . 4 .6 1 9 .0 3 3 .6 1 0 .0 3 4 0 2 4 .6 4 .7

H IS T ID IN E 2 .6 . 2 .0 1 2 .2 6 .6 6 .2 1 1 .6 6 .1 2 .0

IS O L E U C IN E 4 . 2 3 .7 2 2 .9 1 7 0 2 1 .1 2 3 .9 1 6 .6 4 .2

L E U C IN E 6 .9 - 1 1 .0 1 0 1 .1 3 2 0 3 1 .7 3 6 .2 1 8 .6 6 .6

P H E N  *  T Y R 9 .3 - 9 .2 6 7 .1 3 4 0 2 6 .6 3 6 .6 1 6 .2 8 .4

V A U N E 6 .3 - 6 .2 2 7 .4 2 2 .6 2 2 .6 2 3 .4 1 6 .6 4 .4

C A L C I U M 0 .6 3 .0 3 8 .0 2 4 .6 - 0 .2 0 .1 8 0 1 2 .3 2 .6 3 .6 0 .6

P H O S P H O R O U S 4 .0 0 .7 1 8 .0 - 2 .9 6 .4 4 0 6 .6 6 0 1 1 .0 3 .0

A V A I L .  P H O S
I1 ■ —  , ,  ,

1 .6 0 .2 1 8 .0 - 1 .0 1 .6 4 0 9 .7 3 .3 3 .3 0 .8


