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ABSTRACT 

Four experiments were carried out with laying hens 

to evaluate the effects of body weight, age, dietary 

protein, and tallow levels on performance, nutrient intake 

and energy utilization. 

In the first experiment, Single Comb White Leghorn 

birds were divided into four body weight groups at the 

onset of egg production. Voluntary feed intake was 18% 

less for the lightest (1.39 kg) in comparison with the 

heaviest group (1.83 kg). Egg weight was directly related 

to body weight with the heavy birds producing an average 

egg weighing 65.3 g and the lightest birds having an 

average egg weight of 58.9 g. Feed conversion was also 

significantly better for the lighter birds. 

Maintenance requirements for the heaviest and 

lightest birds were 60.5 and 57.9% of metabolizable energy 

consumed, respectively. Metabolizable energy intakes 

above maintenance were 131 kcal/d for the heavy birds and 

only 119 kcal for the light group. A composite regression 

analysis indicated a maintenance requirement of 127.7 

kcal/d/kg o• 75 and an energetic efficiency of 75.2% for the 

conversion of metabolizable energy to net energy. 

In order to evaluate the effects of age and body 

weight on laying hen performance, the last three 

x 
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experiments were designed using old, molted, and young hens 

which were divided into the heaviest and lightest body 

weight groups. The old birds were 72 weeks old, the 

molted birds were 106 weeks old, and the young birds were 

27 weeks old at the start of the studies. In each experi

ment the birds were fed ten experimental diets with 12, 14, 

16, 18, and 20% dietary protein in combination of 1 and 4% 

supplemental fat. 

Egg output was increased with the supplementation 

of tallow in only the young birds; while energy retentions 

were improved in the old and molted birds with fat feeding. 

Average energy retentions per kg physiological body weight 

were 58.8, 41.7, and 38.6 kca1 for the young, molted, and 

old hens, respectively. The light-bodied birds showed 9% 

better gross energetic efficiencies than the heavy-bodied 

birds. 

Estimated daily protein intake requirements were 

16.8, 13.3, and 12.8 g/d to support production levels of 

84, 64, and 66% for the young, old, and molted birds, 

respectively. 



CHAPTER I 

INTRODUCTION 

The question regarding the use of heavy- or light

bodied strains of laying hens is not completely settled. 

Livability, hen-housed production, efficiency of production, 

feed intake, and production rate have been reported to favor 

light hybrids. These advantages are particularly important 

under current economic conditions of increasing feed, labor 

and housing costs, and a decreasing demand for cull hens. 

Smaller hens can be housed more closely, thus increasing 

output per cage or per unit floor area. Under such condi

tions of intensive husbandry, economically successful 

strains will be those having the smallest body size (weight) 

consistent with high egg numbers, reasonable egg size, and 

excellent viability. Very little is known of nutrient 

requirements in relation to body size except for the 

assumed lowered maintenance energy needs. 

Changes in management practices and egg prices will 

modify specific biological objectives. For example, at the 

present time, with the animal rights movement, the practice 

of increasing bird density in order to reduce the invest

ment per bird in housing and equipment is being questioned. 

Poultry geneticists have been involved in the devel

opment of small-bodied strains with proportionally less 

1 
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nutrient requirements capable of producing eggs efficiently 

under the present confined conditions. 

It is well known that feed consumption in laying 

hens is partially dependent upon physical factors such as 

ambient temperature, air velocity and humidity, among 

others. Biological factors such as stage of production and 

maintenance requirement also influence energy expenditure, 

hence feed consumption. It is also well established that 

maintenance needs account for about 60% of the total metab

olizable energy consumed and only that energy above mainte

nance can be used to sustain egg production. Equally 

important is to identify to what extent factors such as 

body weight and age of bird affect maintenance requirements. 

Therefore, these experiments are an attempt to evaluate the 

effects of age, body weight, dietary protein and fat supple

mental levels on performance, and protein and energy utili

zation in laying hens. 



CHAPTER 2 

LITERATURE REVIEW 

Many factors, including body weight, genetic 

potential, nutrient requirements, energy utilization, and 

housing conditions influence the performance of laying 

hens and their profitability. Environmental temperature 

has a profound effect on laying hen performance and on 

dietary nutrient needs. Several of these factors will be 

reviewed in relation to the research conducted. 

Body Weight and Laying Hen Performance 

Nordskog (1960), from an analysis of random-sample 

egg production test results, concluded that hen-housed egg 

production, average egg size, and body weight taken 

together accounted for over 90% of the variation in net 

income observed between commercial entries. A similar anal

ysis by Kinney et a1. (1969) led them to conclude that seven 

biological components of performance (i.e., age to 50% 

production, hen-housed egg production, efficiency of feed 

utilization, egg weight, mortality, mature body weight, and 

percentage large and extra large eggs) accounted for 

virtually all the variation in financial returns between 

strains. 

3 
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Recognition of these economic factors emphasizes 

the need for poultrymen to strive for increased numbers of 

large eggs per hen housed relative to body size. In addi

tion, feeding rirds according to their requirements, in 

relation to body weight, would be of considerable economic 

benefit and provide maximum efficiency of feed utilization 

(Manson, 1972). These objectives regarding body weight and 

egg size are not necessarily compatible, unfortunately, 

because of genetic antagonisms between the separate biologi

cal components of performance. Lower body weight will 

reduce daily feed consumption and may well increase egg 

numbers, but will not result in later sexual maturity, a 

reduction in egg weight, and a decrease in the carcass 

value for the cull hen (Manson, 1972). 

Morris (1972) concluded that improvements in the 

efficiency with which hens utilize their diets could come 

from one of three directions: (1) The hen may be changed 

genetically by selective breeding. (2) We may find ways 

of changing the diet so that the hens needs less fuel or 

raw materials for a given amount of production. (3) We may 

change the environment in the poultry house in the hope 

that this will improve efficiency. 

A majority of the pertinent literature indicates a 

strong positive genetic correlation between mature body 

weight and egg weight and that mature body weight is a 

highly heritable character in contrast with egg weight. 



Egg weight is more or less equally heritable in light and 

heavy birds; the published half-sibs heritability is 0.52 

for light breeds and 0.49 for heavy breeds (Kinney et al., 

1969). Estimates of egg weight heritability within heavy 

breeds is about 10% higher, suggesting that more selection 

may have been applied within these populations in order to 

maintain adequate egg size for hatching (Kinney et al., 

1969) . 

Egg weight is proportional to metabolic body 

weight O~n) among birds generally. ttHthin and among 

chicken populations selected for body weight and for egg 

weight, change in Wn is accompanied by less than propo:c-

tional changes in egg weight. Since maintenance require

ment is proportional to wn , and both the ability of birds 

to lay only one egg per day and egg weight limit egg mass 

produced, maximum feed efficiency of egg production has an 

upper limit. Observed average body and egg weights for 

five populations of pullets in their fourth month of egg 

production were as follows: 

1. 1,428 and 57.2 g 

"'l 1,802 and 61.9 g .... 
3. 2,550 and 63.3 g 

4. 4,151 and 66.4 g 

5. 4,243 and 62.6 g. 

Egg weight is thus 4% of body weight for the small pullet 

5 

but only 1. 48% for the larger birds (Kessler et a1., 1977). 
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Leclercq, Blum, and Boxer (1977) concluded that 

relative body weight change was genetically correlated with 

feed conversion ratio (0.735), but was not significantly 

correlated with any egg production traits except age at 

first egg (- 0.818). 

Light-bodied hybrids have been found to be superior 

to heavier-bodied hybrids in several traits. Livability 

and hen-housed production, production efficiency, and feed 

intake have been reported to favor the light-bodied hybrid 

(Jackson, Kirkpatrick,and Fulton, 1969; Bolton, Blair, and 

Knight, 1970; Manson, 1972; Kessler et al., 1977). 

Cunningham and Morrison (1977) have reported that heavy

bodied hybrids showed greater livability, hen-housed and 

hen-day production with no difference in production effi

ciency, even though body weight gains were greater, com

pared to the light-bodied hybr~ds. 

Several studies have shown that increased dietary 

metabolizable energy (ME) produced large increases in body 

weight due to excess ME ingestion above maintenance needs 

and the production of eggs. A study by Leclercq et ale 

(1977) shows that weight gain from peak of lay to the end 

of the laying season (62 weeks) was quite variable and that 

83% of the weight gained from 25 to 62 weeks of age con

sisted of lipids. 

Jackson et ale (1969), using light- and medium

weight hybrids, found that light birds consumed less feed, 



produced significantly less total weight of eggs, and 

produced a significantly greater number of eggs of lower 

weight. These workers indicated that in both light- and 

7 

medium-weight birds maximum egg number was obtained with an 

ME level of about 2,800 kcal/kg. However, the results 

indicate that similar production can be achieved on diets 

with widely varing ME levels from as low as 2,150 kcal/kg 

to as high as 3,070 kcal/kg. 

An experiment conducted by Bezusova and Zlochevskaya 

(1978), using White Leghorn and Dwarf hens, showed that even 

though the normal body weight birds produced heavier eggs, 

the Dwarf birds surpassed them in total egg mass produced 

per m2 of floor area (64.5 vs. 82.2 kg). They also 

indicated that Dwarf hens had better feed conversion to 

egg mass (3.37 vs. 2.35 kg feed/kg egg mass). 

Energy Requirements, Utilization, 
and Temperature Effects 

A portion of the dietary energy is not available to 

the bird and is lost in the feces and a small amount is 

subsequently lost in urine, mainly as nitrogenous compounds. 

Because birds pass feces and urine simultaneously, it is 

difficult to separate these two components satisfactorily; 

energy is usually determined in excreta. Consequently, 

metabolizable rather than digestible energy values are 

commonly tabulated for poultry feedstuffs. All animals 

pass some feces and urine of endogenous origin that is 



8 

largely independent of diet. Unless a correction is made 

for these excretions "apparent" rather than "true" metabo-

lizable energy values for a diet are obtained (Farrell, 

1974). Some workers apply a nitrogen correction to classi

cal (uncorrected) ME values for comparison on the basis of 

equal nitrogen retention. The merits of such a nitrogen 

correction are open to debate and of questionable value 

according to some authors. 

Not all the ME from a diet is available to the bird 

(Figure I). A variable percentage (about 16% of gross 

energy), depending on the nutrient composition, is wasted 

as heat increment (sometimes called "diet-induced thermo-

genesis"). Heat increment (HI) is the heat lost in nutrient 

metabolism or energy lost in metabolizing feed nutrients. 

This energy (HI) may be of value for animals housed at 

temperatures below the critical temperature. When the ME 

is corrected for HI, what remains is net energy (NE) which 

can be further divided into net energy for maintenance 

(NEm) and net energy for production (NEp). Maintenance 

energy consists of that energy required for basal metabolism, 

voluntary activity and body temperature control. The NEp 

is that energy which appears in products. In the laying 

hens, this would be the energy that is deposited in the egg 

and stored in body tissue gain (Farrell, 1974; Reid, 1979). 

In studying energy requirements of laying hens it 

is necessary to quantitatively determine the proportion of 



GROSS ENERGY OF DIET 
4.4 kcal/g 

ENERGY IN URINE 
0.2 kcal/g 

DIGESTIBLE ENERGY 
3.4 kcal/g 

METABOLIZABLE ENERGY 
3.2 kcal/g 

HEAT I NCREt1ENT OF: 

a. Maintenance, 0.4 kcal/g 
b. Protein synthesis, 1.4 kcal/g 
c. Fat synthesis, 1.0 kcal/g 
d. Egg production, 1.1 kcal/g 

NET ENERGY 
2.8-1. 8 kca 1/ 9 

9 

Figure 1. The partition of dietary energy in poultry. -
Typical values were used to show quantitatively 
the loss of energy from a diet via the different 
routes (Farrell, 1974). 



dietary energy which is retained as body weight gain and 

the proportion of energy expelled as useful product. 

10 

Energy balance studies can estimate energy retention by 

using the values of 1.6 kca1/g for the energy content of 

whole egg and 5.0 kca1 for the energy content of a 1 g 

change in body weight (Davis, Hassan, and Sykes, 1972; Reid, 

Valencia, and Maiorino, 1978). Energetic efficiency 

measured at positive energy retentions is the efficiency of 

ME utilization for production; while measurements at 

negative energy balances are the efficiency of ME utiliza

tion for maintenance (DeGroote, 1974). 

In order to accurately determine optimum nutrient 

(energy, protein, calcium, etc.) concentrations needed in 

layer diets it is necessary to be able to accurately predict 

expected feed consumption in relation to body weight (W), 

change in body weight (~W) and egg mass (EM). Using these 

parameters, several authors have developed prediction 

equations to calculate feed intake requirements (F) for 

specific stages of production. 

Byerly (1979) assumed a linear relationship between 

feed intake, metabolic body weight, change in body weight, 

and egg production and developed a generalized prediction 

equation of the type F = aWn + BW + cEM. The values of 

the constants in the equation vary with ambient temperature 

and with ME content of the diet fed. A prediction equation, 

F = 0.523 WO. 653 + 1.126~W + 1.135 EM (1) 
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was first developed by Byerly (1941) in which F = feed 

intake (g/d), W = body weight (kg), ~W = body weight 

change (g/bird/d), and EM = egg mass (g/bird/d). This 

equation was derived from a genetically heterogenous group 

of layers varying in body weight from about 1 to 3 kg. 

The coefficient for feed required per g egg produced, 1.135, 

implies a net efficiency of metabolizable energy utilization 

for egg formation of about 50%. 

Brody (1964) developed a similar equation to predict 

feed intake: 

F = 7.77 + 0.688 EM + 0.273 wO. 73 + 1.09 6W 

that indicated a net energetic efficiency of 77%, calcu

lated as the ratio of egg calories produced to energy 

consumed above maintenance and weight gain. 

Combs (1962) expressed Equation 1 in terms of 

metabolizable energy, i.e.: 

FME = 1.52 wO. 653 + 3.26 6W + 3.29 EM 

and then modified it (Combs, 1968) with the addition of a 

temperature factor: 

(2) 

(3) 

FME = (1.78 - 0.0012T) 1.45 wO. 653 + 3,13 6W + 3.15 EM (4) 

Except as otherwise indicated F = feed intake (g/bird/d), 

FME = metabolizable energy intake (kcal/bird/d), W = body 
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weight (g/bird), AW = change in body weight (g/bird/d), 

EM = egg mass (g/bird/d), and T = ambient temperature (Op). 

Leeson, Lewis, and Shrimpton (1973) found that the 

Byerly (1941) equation estimated feed intake about 15% 

higher than is observed for many currently used commercial 

hybrid strains. By means of multiple regression analysis 

Leeson et a1. derived an equation for prediction of feed 

intake as, 

F = 0.136 wO. 75 + 1.605 AW + 0.929 E + 21.68 (5) 

These workers used feed intake (F) as the dependent (Y) 

variable and metabolic body weight (WO. 75 ), egg mass (E), 

and body weight change (AW) as the three independent (X) 

variables. They also indicated, that the heavier birds 

were less able to adjust to dietary ME changes, when 

compared to 1ight- and medium-weight birds and that the 

efficiency of prediction falls rapidly with an increase or 

decrease in dietary ME. Therefore, one limitation of these 

data is that the equation was based on a single dietary 

energy level and at different dietary energy levels 

different body weight classes of birds will have varying 

feed intakes. 

Morris (1968) considered birds of light body weight 

to adjust their energy intake more accurately than heavier 

birds when offered a range of dietary energy levels. In 

order to account for these variations, he projected feed 
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intake levels using a linear scale of adjustment from 6% 

increase in daily ME intake per 10% increase in the dietary 

energy level for the 3-kg body weight group to a 2% 

increase for the 1.4-kg weight group. 

Leeson et a1. (1973) presented a modification of 

the intercept value to account for the effect of dietary 

energy/body weight interaction upon feed intake. Therefore, 

in predicting the daily feed intake for any group of birds, 

the intercept value to be used may be obtained from the 

tabulated values calculated, depending upon the average 

1iveweight of the birds and the dietary energy level of the 

feed used. Their derived equations were produced from data 

on laying hens housed at 18.3°C constant temperature and it 

was suggested that predicted ME intake be adjusted by 9 kca1 

ME/oe change in temperature. He also studied equations for 

different stages of production within the laying cycle for 

any given breed so as to attain maximum accuracy of predic

tion of feed intake at all times. The equation used 

efficiently predicted feed intake of both 1ight- and medium

weight hybrids. However, an underestimation of feed 

intake was seen after the peak in egg output. 

Gous et a1. (1978) derived a more general partition 

equation using data collected from five breeds of varying 

body weight and egg output: 

F = 0.0255 W + 2.46 ~W + 0.97 EM + 10.674 (6) 
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to predict feed intake in laying hens. They also developed 

prediction equations with body weight raised to powers of 

0.75 and 0.653. Morris (1968) indicated that although 

pullets offered different diets tend to adjust consumption 

so as to maintain the same caloric intake, this adjustment 

is imperfect in the majority of cases. Thus, birds fed 

high energy diets usually "over-consume" calories and gain 

more weight than birds fed lower energy diets. The degree 

of over-consumption observed when a particular strain is 

offered a range of diets of different energy content is 

correlated with the characteristic caloric intake of the 

strain (r = 0.667). He developed Equation 7 which predicts 

caloric intake of the strain when fed a standard diet 

(Table 1). 

Byerly et ale (1980) presented data-validated, 

iterative equations in which he assumed that: 

1. Daily tolE intake was used for maintenance, meta

bolism, tissue gain and egg energy output with an 

efficiencies of 70% 

2. Maintenance was proportional to the 0.653 power 

(Equation S) or to the 0.75 power (Equation 9) of 

liveweight. 

Equations 10 and 11 (Table 1) are modifications of Equations 

8 and 9, respectively, with the assumption that ME intake 

is used with 65% efficiency. These equations were based on 

data collected from five genetically different groups of 
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Table 1. Some prediction equations developed by different 
authors 

Equation 
Number Predicted Equation 

1 F = 0.523WO· 653 + 1.126~W + 1.135EM 

2 F = 7.77 + 0.688 EM + 0.273WO• 73 + 

3 

4 

5 

6 

8 

9 

10. 

11. 

1.09~W 

FME = 1.52WO· 653 + 3.26 W +3.29EM 

FME = (1. 78 - 0.0012T~F) (1.45~'l°·653) + 
3.13~W + 3.15EM 

F = 0.136WO~75 + 1.605~W +.929EM + 21.68 

F = 0.0255W + 2.46~W + 0.97EM = 10.674 

y = Y2700 + (0.0005465Y2700 - 0.1466) x 
0.1466)X - 2700 

F = (0.534 - 0.004T) (WO•653) + 
2.76~W + 0.80EM 

F = (0.259 - 0.00259T) (WO. 75 ) + 
2.76~W + 0.80 

F = (0.589 - 0.0044T)WO. 653 + 2.9~W + 
0.85EM 

F = (0.275 - 0.00275T)W O• 75 + 2.9~W + 
0.85EM 

For white egg 1a'!ers: 
FME = W(170 - 2.2TOC) + 2EM + 5~w 

For brown egg layers: 
FME = W(140 - 2.0ToC) + 2EM + 5~W 

Source 

Byerly (1941) 

Brody (1979) 

Combs (1962) 

Combs (1968) 

Leeson et a1. (1973) 

Gous et al. (1978) 

Morris (1968) 

Byerly et a1. (1980) 

Byerly et al. (1980) 

Byerly et a1. (1980) 

Byerly et a1. (1980) 

Emmans (1974) 

Erranans (1974) 

1. Y = FME, Y2700 = ad libitum intake of a diet containing 2700 
kca1 ME/kg, X = ME content of the diet fed 

2. W = body weight in kg 
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40 pullets each during 10 test periods of 28-d each. 

Equations developed by these authors are relevant to 

nutritionally adequate diets containing 2,890 kcal/kg ME 

and 16% crude protein. Average liveweight varied from 

1,426 g for small Leghorns to 4,197 g for Broiler Breeders. 

Emmans (1974) used the following equation model of 

energy partition: 

k M = bW + 2.0 EM + 5.0 ~W 

to measure the effect of temperature on energy intake. The 

constant b is characteristic of the strain, temperature, 

and feathering of the birds; k varied between 0.75 and 1.0 

depending on the kind of bird from which the data came. 

The figures of 4.0 kcal and 1.6 kcal represent the energy 

content per g change in body weight and per g whole egg 

produced, respectively. The efficiency of dietary ME 

conversion to egg and carcass energy was estimated as 80% 

by calorimetric determinations using practical diets (Waring 

and Brown, 1965; Grimbergen, 1970; van Es et al., 1970; 

Burlacu and Baltac, 1971). From these data, the rm needed 

for production can be estimated as: 

2.0 EM + 5.0 W kcal ME/bird/d 

In comparisons between species of different body 

weights, Kleiber (1961) found that maintenance energy was 

related to the three-quarters power of body weight; although 
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it may not follow that the same power is appropriate for 

comparison between individual birds within a flock or 

between flocks. Based on indirect evidence, Emmans (1974) 

indicated that whether expressed per kgO. 75 or per kg of 

body weight, heavier strains which typically lay brown

shelled eggs have lower maintenance requirements than do 

lighter strains which typically lay white-shelled eggs. 

Therefore, maintenance energy is directly related to body 

weight but different figures are needed for brown and white 

egg strains birds. Using these data, ME intake as a 

function of body weight, growth, egg output, and ternpera-

ture can now be estimated for the two strain types as shown 

by Equations 12 and 13 in Table 1. 

A number of factors have been identified that inf1u-

ence the accuracy of the prediction equation; these include 

genotype, management factors such as environmental tempera-

ture, air velocity, housing systems,and number of birds per 

cage as well as nutritional factors during the laying phase 

(McDonald,1978). 

The estimated ME requirements of laying hens for 

particular rates of production differ considerably depend

ing on whether they derived from feeding trail experiments 

or from calorimetric measurements, such as those of Waring 

and Brown (1965; 1967) and Grimbergen(1970)~ The estimates 

derived from c10rimetric studies range from 75 to 85% of 
\ 

the energy requirements calculated from laying trial data 



(Agricultural Research Council (ARC), 1975). A number of 

factors have been reported to produce such discrepancies, 

including: 

1. Variable, lower temperatures under laying house 

conditions which would substantially increase 

maintenance requirements. 

2. Less accurate control of ME intake under laying 

house conditions. 

3. Loss of feathers during the time spent in 

commercial cages. 

4. Variation in fasting metablic rate with 

increasing age. 

5. Greater activity under laying house conditions. 

6. The inaccuracy in estimating average body weight 

during an extended experimental period. 
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7. A possible inefficiency of ME utilization under ad 

libitum feed conditions. 

The results of a series of experiments with mature 

and growing chickens reported by DeGroote (1974) show that 

fasting heat production (FHP) varies between 43.2 and 

166.7 kcal/kg/d or between 60.9 and 125 kcal/kg· 75/d. 

Maintenance requirements also varied considerably, between 

58.2 and 267 kcal/kg/d. It is obvious that age and 

environmental temperature are important factors which 

influence these parameters. It is generally observedi not 
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only with poultry, that fasting metabolism and maintenance 

requirement, expressed per physiological body weight (PBW) 

tend to fall markedly when the animal matures. Energy 

balance (EB) experiments with adult and growing chicks 

below and above maintenance requirements have indicated a 

linear relationship between energy balance and ME intake 

over a wide range of energy consumption. The results 

indicate an ME efficiency for maintenance of around 85%. 

DeGroote (1974) explained that this efficiency of 85% is in 

agreement with calculations based on.biochemica1 interpreta

tion, and with results obtained with other species. More

over, he concluded that the efficiency with which ME above 

maintenance was used for fattening varies little from 75% 

with normal diets and that on high fat rations, an 

efficiency of as high as 85% may be encountered. 

An average value of 60-70 kca1/kg/d can be assumed 

for fasting heat production in laying hens. Similar values 

have been obtained for laying hens by Reid et a1. (1978) 

and Valencia, Maiorino, and Reid (1980b). Higher values 

have been reported by Farrell (1975) and Madrid, Maiorino, 

and Reid (1981). 

According to DeGroote (1974), maintenance ME 

requirements for laying hens vary between 99 and 133 

kca1/PBW/d with age and environmental temperature greatly 

influencing them. Values within this range have been 

reported by Reid et a1. (1978), Bur1acu and Ba1tac (1971), 
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Vohra, Wilson, and Siopes (1979), Valencia, Maiorino, and 

Reid (1980a), and Madrid et ale (1981)1 while Farrell (1975) 

indicated a value of 183 kcal/PBW as a maintenance require

ment. 

The major problem in assessing efficiency of ME 

utilization for egg production is that egg production is 

not uniquely determined by the energy supply in excess of 

maintenance requirement. Excess energy may either be 

converted into eggs or used for body weight gain. Little 

information is available on the determinants of this 

partition. Furthermore, body energy can also be used for 

egg production, and the laying hen can produce eggs under 

gaining or losing body weight conditions. DeGroote (1974) 

presented data, from other researchers, showing a 60% 

efficiency of ME use for egg production and an efficiency 

of 80% for body energy gain. The availability of ME from 

body fat was equal to the ME available from feed for egg 

production. Taking into account the age of the laying hen, 

it is reasonable to assume that a value of 80% is appli

cable for body fat gain. Likewise, the high efficiencies 

obtained for the utilization of the ME for egg production 

plus body gain in some laboratories appear to be partly 

explicable on the basis of body fat synthesis. No data 

were reported to indicate the temperature ranges involved 

in these summarized studies. 
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Reid et ale (1978) used different feeding levels to 

evaluate both energetic efficiency for maintenance and for 

production. Those feeding levels resulting in negative 

energy retentions were employed to calculate the net energy 

for maintenance while those treatments yielding a positive 

energy balance were used to calculate the net energy for 

production. They found energetic efficiencies of 61.9 and 

62.8% for conversion of ME to NE and NE , respectively. m p 

These values were not significantly different. 

Polin and l'lo1ford (1973) have employed calculations 

of energy partition among egg output, body fat gain, basal 

energy, and subsistence energy plus heat increment to 

evaluate the effect of forced feeding on fatty liver 

syndrome production in laying hens. Gross efficiency (egg 

energy/ME intake) of egg output in terms of ME was 0.229 

for ad libitum fed birds. Reid et ale (1978) calculated a 

gross efficiency of 0.233. 

Davis, Hessan, and Sypes (1970) studied energy 

utilization in laying hens at constant ambient temperatures 

at 7.2, 15.6, 23.9, 29.4, and 35.0 °c with gross efficien

cies of 0.250, 0.285, 0.294, 0.299, and 0.304, respectively. 

Burlacu and Baltac (1971) indicated that energy balance in 

hens was zero (y=O) when intake of metabolizable energy was 

125.8 kcal ME/PBN/24 h. A multiple regression analysis 

indicated that White Leghorn hens synthesize protein with 

an efficiency of 80.1% and fat with an efficiency of 78.1%. 
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Expressed in a different way this amounts to a cost of 

production of 7.2 kca1 ME for the production of 1 g protein 

(5.84 kca1/g) and of 12.3 kca1 ME for the production of 

1 g fat (9.48 kca1/g). They reported a maintenance require

ment of 125.8 kca1/PBW which was higher than the values 

reported by Waring and Brown (1965) of 105.8, van Es et a1. 

(1970) of 115.0, and Reid et a1. (1978) of 111.0 kca1/PBW. 

Valencia et a1. (1980a) studied the effect of 

supplemental fat on energetic efficiencies at 18.3 and 35 

°C. Maintenance ME requirements per PBW at 35°C was 20.3% 

less than 18.3 (104 vs. 130 kca1). Even though hens 

differed in maintenance requirements, ambient temperature 

did not affect the efficiency of conversion of ME to NE. 

The average energetic efficiency for birds housed at 35°C 

was 78.5%; those housed at 18.3 °C had an energetic effi

ciency of 68.6%. These energ~tic efficiencies are compa

rable to those obtained by Waring and Brown (1965; 1967) 

and Burlacu and Ba1tac (1971) of 83.7, 86.0, and 78.5%, 

respectively, using direct calorimetric studies. 

Birds are homeotherms and classical theory indi

cates a range of temperatures for homeotherms, known as 

the zone of thermoneutra1ity, over which metabolism is 

minimal. Although the laying hen may produce egg at a 

maximal rate over the temperature range of 13-24 °C, 

optimal temperature is probably closer to 24°C However, 

good production has been reached up to 30 °C provided 



relative humidity is 50% or less. It is also known that 

feed conversion (kg feed/kg egg) is improved at high 

temperatures, reflecting the lower amount of feed energy 

required to maintain body temperature. 
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Within the thermoneutral zone, bounded by the lower 

and upper critical temperatures, the bird controls its heat 

loss by physical means. At temperatures above the zone of 

thermoneutrality, metabolism increases because the bird is 

unable to control heat loss except by evaporating water from 

the respiratory tract (Balnave, 1974). 

The studies of Waring and Brown (1967), O'Neill, 

Balnave, and Jackson (1971), and Davis et ale (1973) 

indicate that either the thermoneutral zone changes with 

the environmental temperature to which the bird is acclima

tized or the thermoneutral zone occupies a much narrower 

range of temperatures than previously considered. It is 

probable that chickens are similar to many other species of 

birds in that the temperature of acclimatization largely 

determines the position of the critical temperature 

(Belnave, 1974). 

Although there is considerable variation in the 

estimate derived from various sources, the data indicate a 

mean decrease in feed intake of 1.7% for each 1 °C rise in 

environmental temperature within the range of 7-35 °C 

(ARC, 1975). It should be recognized, however, that the 

reduction in feed intake may not be uniform throughout the 
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temperature range and that much more rapid declines in feed 

intake have been reported from experiments using environ

mental temperatures above 30 DC (ARC, 1975; Reid, 1981; 

Emmans, 1974). To demonstrate that energy intake declined 

at an increasing rate as temperature increases, Emmans 

(1974) summarized results from 14 published experiments. 

The temperature range was arbitrarily divided into three 

zones. The average estimated intake at 25 DC across experi

ments was 295 kcal. From -3 DC to 13 DC the decline is 

1.55 kcal/bird/DC, from 12.5 DC to 29.7 DC it is 4.03 

kcal/bird/d/DC, and from 29 DC to 38 DC it is 0.05 kcal/bird/ 

d/DC. 

Horst and Peterson (1975) used two populations of 

hybrids to test the effect of high environmental tempera

ture on performance of hens of different body weight. Each 

population"was divided into three body weight classes and 

exposed to a temperature of 34 DC from 40 to 68 weeks of 

age. There was a marked deterioration in most performance 

traits under heat stress. The differences not only varied 

between medium- and light-weight populations but also 

between weight classes within population. Daily egg mass 

was reduced 33% and 30% under heat stress for medium and 

heavy groups of the light-weight population, respectively. 

Egg mass of the medium and heavy groups of the heavy-weight 

population was decreased 55 and 57%, respecti.vely. Thus, 

light-weight hybrids were less affected by heat stress. 
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Davis et a1. (1973) evaluated energy balance (egg 

output and body weight gain) using a comparative slaughter 

procedure on groups of laying hens kept at ambient tempera

tures of 7.2, 15.6, 23.9, 29.4, and 35°C. These workers 

found that energy intake declined as the environmental 

temperature was increased; and heat production, measured 

as the difference between energy intake and energy reten

tion, also declined with increasing ambient temperature. 

There was a linear relationship between heat production and 

ambient temperature with no therrnoneutra1 zone or critical 

temperature detected. The absence of a clearly defined 

thermoneutra1 zone for heat production has some signifi

cance in relation to the efficiency of egg production, 

since it has been suggested that space heating of poultry 

houses should be employed in order to reduce the energy cost 

of maintenance. They also found that gross energetic 

efficiency was maximal at the highest temperature (35°C) 

but above 23.9 °C increments were small and the greater 

heating cost involved make it unlikely that the higher 

temperature could be employed in order to obtain maximum 

efficiency under commercial conditions (Davis et a1., 1973). 

Heat production (HP) may also be affected by egg 

production rate. Waring and Brown (1965) found that HP was 

44% higher for a laying hen than for a non-laying hen. They 

also cited authors who had found that molting hens consumed 

50% more oxygen than laying hens. They also found 20% 



higher basal metabolism rates for laying hens than for 

non-laying hens. 
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More recently, Balnave et ale (1978) evaluated 

changes in hepatic lipid metabolism in ovariectomized hens 

and concluded that this was a major influence of the mature 

ovary; that is, stimulation of lipogenesis rather than a 

general increase in metabolism. They implied that in mature 

hens the estimation of maintenance requirement may include 

a contribution from ovarian tissue and what has been called 

maintenance requirement could include part of the production 

requirement. A substantial decrease of 33% in maintenance 

requirement was observed after ovariectomy but subsequent 

implantation with estrogen pellets did not increase the 

requirement, suggesting that the increase. in maintenance 

requirement of sham-operated pullets was due to yolk 

synthesis at maintenance and not to a direct effect of 

estrogen on metabolic rate. 

There are other reports (Lundy, 1978) indicating 

an increase in oxygen consumption by laying hens during 

molting. Similarly, higher oxygen utilization and 1m 

consumption have been observed in Japanese quail during 

molting. It is not possible, from available results, to 

partition the energy cost of molting between increased 

heat loss due to feather loss, the growth of. new feathers, 

and body weight gain from the cessation of egg production. 

These costs depend on varying critical temperatures 



throughout the molt, the ambient temperature, and the 

duration of molt (Lundy, 1978). 
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Richards (1977) compared the metabolic rate of six 

normally feathered, medium-weight layers and six with 

severe feather loss selected from a caged laying flock. 

Using nine different temperatures of 0-38 °c, the mean 

metabolic rate of the poorly feathered groups was signifi

cantly higher than that of the control group, varying from 

93 to 26% higher at 0 °c and 30°C, respectively. The 

differences were not significant at 35 °c and 30°C. They 

also indicated that feathering was not associated with 

evaporative heat loss at any point in the temperature 

range studied. 

O'Neill et a1. (1971) found that the maintenance 

energy of two feathered cockerels declined by 2.0 kca1/kg/d 

°C, between 15°C and 34 °Ci in two unfeathered cockerels 

the figure was 6.3 kca1/kg/d °c between 22 and 34°C. 

Several authors have confirmed the changes in maintenance 

energy requirements at different temperatures. Maintenance 

energy declined by: 

1. 0.6 kca1/kg/d °c over the range of 7-35 °c (Davis 

et a1., 1973). 

2. 0.9 kca1/kg/d °c over the same temperature range 

(Hassan, 1969). 

3. 3.5 kca1/kg/d °c between 26.5 and 32°C (Smith and 

Oliver, 1972). 



4. 3.5 kcal/kg/d °c in a white strain. 

5. 2.7 kcal/kg/d °C in a brown strain between 15 and 

32°C. 

These data led Emmans (1974) to conclude that the effect 

of temperature on maintenance energy is 2.2 kcal/kg/d C 

or white egg strains and 2.0 kcal/kg/d °C for brown egg 

strains. 

Die~ary Fat Utilization 
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Fats of animal and vegetable origin have become 

important energy sources for poultry. Addition of fats to 

nutr-itionally complete diets often produces a slight 

increase in growth and improves feed utilization in both 

broilers and laying hens. Fats and fatty acids differ 

significantly as sources of available energy for the 

chicken. 

Renner and Hill (196lao) conducted a series of 

experiments to determine the utilization of lauric, 

myristic, palmitic, stearic, and oleic acids by the 

chicken. In the chick they found that utilization of the 

saturated fatty acids from C12 to C18 decreased as chain 

length increased, with palmitic and stearic being essen

tially not utilized. In the hen utilization of the 

saturated fatty acids also decreased with increased chain 

length. However, absorbability of myristic, palmitic, and 

stearic was significantly greater for the hen than for the 
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chick. In a separate experiment, Renner and Hill (1961b) 

showed evidence that absorbability of stearic and palmitic 

acids when present in mixtures of unsaturated fatty acids 

was increased as the level of unsaturated fatty acids in 

the mixture increased. However, the absorbability of 

palmitic and stearic acids in the fatty mixtures was much 

less than their absorbability when fed in the form of mixed 

triglycerides. They indicated, from additional studies, 

that the absorbability of palmitic acid in lard appeared to 

vary with the attachment of the acid in the triglyceride 

molecule, absorbability being higher when located in the 

two position than in the one or three positions of the 

lard triglyceride. 

The common unsaturated fatty acids are well utilized 

regardless of their original position of attachment to the 

glycerol moiety. When saturated fatty acids are attached 

in the two position they are better utilized than when they 

are at the one or three position; because, during enzymatic 

hydrolysis in the small intestine, the fatty acids at the 

one or three position are preferentially split and become 

free fatty acids. Thus, saturated fatty acids at the two 

position are more likely to be absorbed as monoglycerides 

which have higher absorbabilities than saturated free fatty 

acids. This one of the reasons that lard is more digest

ible than beef tallow. Palmitic acid in lard is usually 



attached to glycerol at the two position, whereas in beef 

tallow it is more randomly distributed (Hathaway, 1977). 
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Touchburn and Naber (1966), working with turkeys, 

reported that added fat elicited improvements in feed 

efficiency that surpassed those expected on the basis of 

increases in ME concentration of the rations. They termed 

this influence of fat as the "extra-caloric effect." 

Jensen, Shumaier, and Latshaw (1970) obtained 

quantitative estimates of the "extra-caloric effect" of 

added fat and reported that the adjusted ME value of fat 

was about 10,165 kcal/kg, a value much higher than the 

reference ME value (7709 kcal/kg) listed for fat. Since 

then several researchers have found that supplemental fat 

exerts a similar influence in laying hens. Horani and Sell 

(1977) reported that the addition of 2 or 4% fat to laying 

rations based on corn, oats, barley, or combinations of 

these grains significantly (P < 0~05) decreased feed con

sumption and improved feed efficiency. They concluded 

that hens fed rations with added fat were able to metabo

lize more energy from the ration than was expected from 

the contribution of the recognized rm values of individual 

ingredients. Therefore, to differentiate the type of 

effect reported as "extra-caloric effect," which is related 

to an apparent improvement in the efficiency of ME utiliza

tion due to a reduction in heat increment, they suggested 

that the term "extra-metabolic effect" be used to indicate 



an improvement in energy utilization which is related to 

increased absorption and/or increased metabolizability of 

ration energy, exclusive of changes in heat increment. 
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Sell, Tenesaca, and Bales (1979) measured the effect 

of dietary fat on energy utilization in laying hens and 

found that even though egg production rate and average egg 

weight were not affected, fat did improve the conversion of 

feed to eggs. The m~gnitude of improvement was statisti

cally significant when 3 or 6% fat was added to rations 

containing 8% wheat middlings. The influence of fat on ME 

varied with level of fat and ingredient composition of the 

ration. The calculations of ME for fat were done on the 

assumption that all the changes in the ME of the ration 

were due to fat alone. The resulting values were 8,675 and 

9,017 kcal/kg of fat for the 4 and 6% supplemental levels, 

respectively, in corn based diets. ME values for fat 

were 12,866 and 11,467 kcal/kg for the 3 and 6% levels, 

respectively, in a ration with 8% wheat middlings. Sell, 

Horani, and Johnson (1976) and Horani and Sell (1977) also 

found that the apparent ME of supplemental fats when used 

at low levels in laying hen diets occasionally exceed their 

gross energy values. Thermodynamically, it is impossible 

for a feed ingredient such as fat to have an ME that 

exceeds its gross energy. Therefore, to explain the so

called "extra-metabolic" or "extra-caloric" effect in 

poultry diets, two areas of investigation have received the 
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most attention. First, synergistic interactions among 

dietary fats conducive to increased utilization of dietary 

lipids. Second, interactions between supplemental fats 

and non-lipid dietary constituents that result in improved 

utilization of dietary energy. 

The utilization of fat by the chicken is governed 

by the digestibility of the component fatty acids. Several 

authors (Young and Garrett, 1963; Lewis and Payne, 1966; 

Leeson and Summers, 1976) have proposed a synergism between 

the fatty acids of supplemental fat and fatty acids inher

ent in other ingredients. In the gut lumen, the formation 

of a fat-bile salt micelle is an important prerequisite to 

fat absorption, since it is in this form that fatty acids 

are transported to the mucosal surface. Whereas unsaturated 

fatty acids readily form micelles with bile salts, saturated 

fatty acids that are non-polar do not. Once micelles have 

formed, however, they will themselves solubilize substantial 

amounts of non-polar, saturated fatty acids. This combining 

effect of fatty acids prior to absorption is what is 

referred to as fatty acid synergism and is the reason why 

predominantly saturated fats can still provide substantial 

quantities of energy to the chicken. Leeson and Summers 

(1976) indicated that the ratio of saturated to unsaturated 

fatty acids in a fat or oil can have a max ked influence on 

the overall digestibility of the fat. They theorized that 

unsaturated fatty acids of grains would enhance the . 
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absorption of relatively saturated fatty acids derived 

from supplemental fats of animal origin and that as a 

result the ME of the ration would be increased accordingly. 

Sibba1d and Kramer (1978) also concluded that the 

true metabolizable energy (TME) of animal fat depended on 

the constituents of the basal portion of the diet. The 

TME obtained for tallow was greater in a corn diet than in 

a wheat diet. 

A basal diet high in saturated fatty acids (10% 

tallow) was chosen for the addition of various levels of 

corn oil as a source of unsaturated fatty acids. The addi

tion of corn oil failed to alter weight gain or enhance 

energy utilization as hypothesized by Leeson and Summers 

(1976), suggesting fatty acid synergism was not the answer 

to the "extra caloric" effect observed when animal fats are 

added to practical poultry diets (Leeson and Summers, 1980). 

The manifestations of ingredient interaction with 

respect to energy utilization seem to be especially impor

tant with supplemental fat. When measuring the ME of fats, 

one substitutes the lipid into a diet at low levels. A 

direct measurement is then made of the ME of the reference 

and test diets and the ME of the fat is calculated by 

difference. An assumption inherent in this method is that 

differences in ME values of the test diets, -as compared 

with the reference diet, result exclusively from fat. 

However, this supposition may not be true. 



Mateos and Sell (1980b) measured the influence of 

carbohydrate source and supplemental fat on the nitrogen-

corrected ME (MEn). Simple sugars have a faster rate of 

passage along the digestive tract than does starch and, 

consequently, digestibilities of simple sugars seem to be 

lower than starch. For example, more undigested sucrose 
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than starch has been detected in feces when high levels of 

these carbohydrates were used in swine diets. As a result, 
, 

a decrease in the MEn of the ration might be expected when 

high levels of dietary sucrose were substituted for starch. 

They found that in terms of energy contribution to the 

diet the ME of fat approached or exceeded its gross energy 

content (9,372 kcal/kg), depending on the carbohydrate 

source. When sucrose replaces corn starch, the MEn of the 

diet increased more than expected, indicating that the 

presence of supplemental fat in the diet increased the 

utilization of energy from sucrose. At least two mechanisms 

seem possible for the influence of fat on MEn of the diet; 

the synergistic effect mentioned above and an altered rate 

of feed passage, thereby increasing overall energy 

utilization. 

Mateos and Sell (1980a), citing different sources, 

indicated that it has been shown in mammals and birds that 

fats are powerful inhibitors of gastric emptying. In turn, 

gastric emptying has been postulated to be the primary 

mechanism controlling rate of feed passage and therefore 
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rate of feed utilization. Thus, fat could improve the 

utilization of energy from other dietary ingredients by 

slowing the rate of passage of the diet through the gut 

(Mateos and Sell, 1980a). These workers (1980b) used 

sucrose, fructose, starch, and a practical ingredient mix

ture to evaluate the effects of fat additions. They con

cluded that when results were arranged according to the 

magnitude of the beneficial effect of fat on MEn values a 

descending order of sucrose, fructose, starch and the 

practical ingredient mix was found. These data are 

compatible with the concept that supplemental fat may 

improve energy utilization by slowing the rate of feed 

passage. There are reports which indicate that an appro

priate arrangement of carbohydrates from faster to slower 

rates of passage would be sucrose, fructose, starch and a 

practical ingredient mixture. From these results they 

concluded that the "extra caloric effect" of supplemental 

fat on the ME of the diet may result, in large measure, 

from a reduction in rate of feed passage, whereby the over

all digestibility of the diet is increased. This mechanism 

does not exclude the beneficial effects of a synergism 

between saturated and unsaturated fatty acids, in fact, a 

reduction in rate of passage could augment this type of 

interaction. 

Recently Mateos and Sell (1981) conducted an 

experiment to evaluate the influence of supplemental fat 
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and carbohydrate source on the rate of feed passage (ROP). 

ROP was determined by utilizing inert markers (Cr20 3 and 

144ce ). They indicated that diets containing starch had a 

slower ROP than diets containing sucrose. Fat supplementa

tion decreased ROP by about 12%. This, in turn, would 

increase time of exposure of the feed to digestive pro-

cesses and absorptive surfaces of the gastrointestinal 

tract. Therefore, the reported "extra metabolic" effect 

of fats may be primarily the result of better energy 

utilization of the diet as a consequence of reduced rate 

of feed passage. 

Several groups of workers have reported differences 

in the ME values of fats fed to animals of different ages 

(Renner and Hill, 1960; Carew, Nesheim, and Hill, 1963; 

Annison, 1974). These differences are attributable to 

increased utilization of fat by older birds. Zelenka (1968) 

presented data indicating that the ME value of the diet fed 

to young chickens (3-14 days old) was quite variable, 

probably due to the fact that the chicken was absorbing 

yolk material. However, when the ME of the diet was 

determined at older ages with the same cockerels, the diet 

yielded maximum expected amounts of energy. More recently 

Gomez and Polin (1974) have found that the addition of 

cho1ic acid to diets 'fed to very young chicks significantly 

increased the ME value of fat. Therefore, this improvement 

in fat utilization by the exogenous addition of cho1ic acid 
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would suggest a practical need for bile salts in high fat 

diets fed to very young chicks. Another result published 

by Robbins (1981) indicated that, based on both growth and 

energy retention data, the young chicken (1-3 weeks old) 

utilized carbohydrates more efficiently than fat and 

suggested that the observed poorer utilization of fat may 

be due to poorer digestibility. Studies of Annison (1974) 

showed that tallow was poorly utilized by chicks up to 4 

weeks of age when fed at levels of 5, 10, and 25% in 

isocaloric semipuri~ied diets in which the fat replaced 

corn starch as an energy source. Soybean oil examined in 

the same experiment was relatively well utilized in 2-week 

old chicks. The data on tallow confirm the earlier work of 

Renner and Hill (196la). 

Salmon (1977) looked into the effect of age on fat 

absorption using young turkeys an concluded that absorb

ability of beef fat and combinations of rapeseed oil with 

beef fat increased with age, most of the increase occurred 

by 3 weeks of age. The absorbability of 16:0 and 18:0 

fatty acids of beef fat also were increased with age. 

Heat increment was defined recently by the National 

Research Council (1981) 'as the increase in heat production 

following consumption of food by an animal in a thermo

neutral environment. It also includes heat of fermentation, 

heat of digestion, and absorption, as well as heat produced 

as a result of nutrient metabolism. 
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In 1944, Forbes and Swift determined that the 

associative dynamic effect (HI) of protein, carbohydrates, 

and fat fed as supplements to complete diets were 32, 20, 

and 16% of their gross energy; respectively, and that 

supplemental fat was more potent than protein and carbo

hydrates in lowering HI. Actually, the accepted values 

are 30, 15, and 10% HI when consuming protein, carbohydrate, 

and fat, respectively (Scott, Nesheim, and Young, 1976). 

HI, as explained previously, varies according to the make

up of the ration, the level at which it is fed, and the 

body function being supported: i.e., maintenance, growth, 

fattening, or egg production. 

Scott et a1. (1976) indicated that a HI of about 

18% of ME would be expected from a well-balanced laying hen 

diet. MacLeod and Shannon (1978) observed a HI of 11-13% 

of ME consumed by hens fed ad libitum. Horani and Sell 

(1977) estimated the HI of caged layers fed corn-based 

rations to be 13-20% of the ME consumed, depending on the 

level of fat supplementation. Sell et a1. (1979) calculated 

that HI was 11% in fat-supplemented corn-based diets and 

about 13% when 8% wheat middlings was included. 

Reid and Weber (1975) suggested that energy is the 

limiting factor for egg production at high temperatures. 

This energy deficiency during heat stress may be caused by 

reduced feed intake, resulting in turn from the discomfort 

of dietary heat increment. Any reduction in HI of the 



diet would increase the amount of usable energy available 

to the bird, first by increasing feed intake and secon~ly 

by increasing net energy in relation to ME intake. Since 

it is known that HI can be reduced by increasing dietary 

fat level due to its lower associative dynamic effect, 

several researchers have studied the value of added fat 

in diets fed under hot conditions. 
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Reid (1979) reported that HI in terms of kcal of 

energy per g of feed varied from 1.4 for the lowest protein 

level fed at 32°C to 0.8 for ari 18% protein diet. These 

data were fitted to a parabolic regression which indicated 

a minimum for HI in the range of 18-24 g of protein con

sumed per day, which is around the accepted protein 

requirement. The feeding of lower protein diets resulted 

in a rise in HI due to the inefficiency of conversion of 

"dietary energy to net energy of production. The results of 

these studies and others would suggest that alterations in 

HI associated with protein intake could be employed to 

decrease the requirements of ME for maintenance in hens fed 

diets containing an optimal amino acid balance (Dale and 

Fuller, 1979; Valencia et al., 1980). 

Fuller and Rendon (1977) and Dale and Fuller (1979) 

in a series of experiments with broiler chicks indicated 

that ME intake was increased when fat calories replaced 

carbohydrate calories. In the high fat treatments chicks 

gained significantly more body weight than did the high 
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carbohydrate fed control group. This increase was similar 

at 20 and 31.1 °C, indicating that the beneficial effect of 

dietary fat was independent of temperature. Heat produc

tion measured by energy balance studies was numerically 

lower in chicks fed diets with a high ratio of fat to 

non-fat calories. 

Reid (19Bl) indicated that feeding fat during 

periods of high temperature stress can be of substantial 

benefit in improving the performance of laying hens due 

to low HI of fat. However, at extremely high temperatures 

fat was not sufficiently beneficial to offset the detri

mental effect. In general, he found that the incorporation 

of tallow into laying hen diets increased energy intake 

above that which would be obtained without the supplemental 

fat. This effect appears to be more pronounced at supple

mental levels below 4% of the .diet and can result in 

substantial increases in egg production in younger birds. 

However, in birds above 50 weeks of age, adding tallow to 

the diet usually results in increases in body weight without 

any substantial increases in egg production. 

Protein and Amino Acid Requirements 

The protein requirement of an animal is really a 

requirement for a supply of each of the essential amino 

acids, together with a sufficient supply of suitable 

nitrogenous compounds from which the non-essential amino 
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acids can be synthesized. It is, however, useful to 

supply an amount of crude protein, in addition to the 

requirements for each of the essential amino acids, since 

this conveniently ensures that the diet supplies sufficient 

precursors for the synthesis of the non-essential amino 

acids (ARC, 1975). 

A good laying hen consumes about 6.4 kg of protein 

in a year and produces about 1.6 kg of egg protein in 

return. This is a gross efficiency of only 25%- and would 

seem to leave room for improvement. The net efficiency of 

dietary protein conversion into egg protein may reach only 

33% at the time of peak production. This net efficiency is 

defined as the rate at which a particular nutrient is used 

for a stated metabolic process versus gross efficiency 

which is a simple ratio of output to input. The reason 

for the rather low net efficiency of protein utilization 

is that diets constructed from practical feedstuffs are far 

from being ideally balanced in amino acid make-up. The 

hen's daily intake therefore includes substantial surpluses 

of both essential and non-essential amino acids which can 

be neither used nor stored but must be excreted. Techni

cally, it seems possible that diets may be improved con

siderably in future years, partly by eliminating surpluses 

of protein through better quality control of- raw materials 

and mixing and partly by the extended use of synthetic 

amino acids. Certainly at present it is cheaper to 
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"over-formulate"--that is to provide generous safety 

margins in protein and amino acid specifications--than to 

analyze each batch of raw materials before it is incorpo

rated in a poultry diet (Morris, 1972). Even with a 

complete amino acid analysis of feed ingredients we still 

could not formulate to all amino acid requirements because 

precise requirements for certain essential amino acids are 

not known. 

There is a large gap between the 25% gross 

efficiency of crude protein utilization achieved on an 

annual basis and the 100% efficiency of conversion of amino 

acids which is possible. As mentioned before, part of the 

inefficiency is due to the less than perfect composition of 

practical diets but two important factors help widen this 

gap. One factor is the familiar law of "diminishing 

returns" and the second factor. is "non-productive time." 

Although we can point to the complete utilization of an 

essential amino acid in a situation where the supply of 

that amino acid is marginal, we invariably find that further 

increments of amino acid input bring diminishing returns 

and it seems unlikely that very much can be done about it. 

Non-productive time is the phenomenon chiefly responsible 

for the fall in net efficiency of amino acid utilization 

which occurs in a flock when rate of lay declines (Morris, 

1972). This effect has been confirmed by Pilbrow and 

Morris (1974) and there is no doubt that the net efficiency 



of utilization of protein declines as the laying cycle 

progresses. A part of the effect may be due to the pres

ence of increasing numbers of non-productive hens in 

older flocks. Such birds consume more protein than is 

required for maintenance and do not contribute to output 

and this may have a substantial effect on estimates of 

efficiency based upon mean flock responses. 
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Fernandez, Salmon, and McGinnis (1973) reported 

that a diet containing 13% protein supplemented with lysine 

and methionine was as effective as l5~ 17, and 18% protein 

diets for supporting egg production and egg size. They 

also indicated that lowering the level of protein in the 

diet after 10 w of production had no adverse effect on egg 

production. Thayer et ale (1974) found protein intake 

requirements of hybrid pullets to be about 14-15 g/d. They 

also indicated that a protein intake of 14 g/d was adequate 

to support egg production and egg weight, but did not 

support body weight gains as did higher levels. 

In a 9-month study, Reid (1976) showed that average 

egg production in laying hens varied from a low of 35.7 to 

78.3% with the feeding of diets containing 13.5 to 19.5% 

protein, and there were no statistical differences in egg 

production obtained with diets containing more than 13.5% 

protein. An estimated 14.5% dietary protein was indicated 

as the requirement for optimum egg production, egg weight, 
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and egg output. This corresponded to a daily protein intake 

of 16.5 g/h to support an average production of 77%. 

Ivy and Gleaves (1976) concluded that 15 g of 

protein and 299 kcal ME/hen/d would be adequate for birds 

producing 80% or more. As egg production declined to 70%, 

13.5 g of protein and 260 kcal ME seemed adequate. Finally, 

when production declined to 50%, 12.5 g of protein and 250 

kcal ME/hen/d appeared to be sufficient under controlled 

temperature conditions at 24 °C.2. 

Reid and Maiorino (1980) calculated the protein 

intake requirement during the first 12 weeks of production 

as 17.92 g/bird/d to support 134.8% egg production. During 

the second 12 weeks the requirement was estimated at 16.5 g 

protein/bird/d at 77.2% egg production, and during the 

last 12 weeks a requirement of 13.0 g/bird/d was determined 

at a 61.7% egg production rate. In another series of 

experiments Reid (1981) indicated that energetic efficien

cies had reached a maximum in the range of 17-21 g of 

protein intake per day in young laying hens. These factors 

were reflected rather dramatically when HI plus activity 

were calculated. The feeding of lower than the required 

amounts of protein resulted in increased amounts of energy 

losses as HI and tended to reach a minimum around the 

required level of protein and then increased beyond this 

point. The higher HI resulted in a reduction of energetic 

efficiency, therefore, caution should be taken in 



overfeeding protein to laying hens. Valencia (1978) 

obtained similar results when diets of different protein 

levels were fed to laying hens. He concluded that a 

protein intake of 21-22 g/d produced the minimum HI. 
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Romsos (1981) conducted similar studies using rats 

and indicated that overfeeding a low-protein diet resulted 

in less energy being retained in the carcass than those fed 

isocaloric amounts of high-protein diet. These experiments 

led him to confirm that with a low-protein diet, rats show 

a higher metabolic rate and body temperature than with the 

high-protein diet. 

Amino acid requirements for laying hens have been 

determined or estimated using at least two approaches. One 

based on a basal diet supplemented with mixtures of selected 

amino acids in changing amounts. The actual requirement 

was determined as the level of amino acid intake above which 

no response in egg output was achieved. A second approach 

has been used based on the summation of the estimated or 

determined requirements for maintenance, growth and egg 

protein synthesis (Smith, 1978a). 

Hurwitz and Bornstein (1973) originally proposed 

two models for the estimation of protein and amino acid 

requirements of laying hens. Both models assumed the same 

requirements for maintenance and growth and that yolk 

synthesis was a continuous process. Model A assumed that 

egg white and shell membrane proteins were synthesized at 
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the time of secretion. Model B, on the other hand, assumed 

that all oviduct proteins were synthesized continuously 

except for the ovomucoids and shell membranes which were 

synthesized at the time of secretion. In subsequent 

experime~ts, Hurwitz and Bornstein (1977) showed that 

Model B provided a more accurate estimate of the require

ments for protein, including a variable term to account 

for body weight gain. The equations for the two models 

are as follows: 

Model A: PR = 1.85 W + 0.21 G + 0.22 EW x %P/IOO 

AAR = 1.85 W x Am + 0.21 G x At 

+ EloJ x %P/IOO (63 Ay + 158 t) 

Model B: PR = 1.85 W + 0.21 G + 0.174 EW x %P/IOO 

AAR = 1.85 W x Am + 0.21 G x At 

+ EW x %P/~OO (62 Ay + 59 Ao + 52 At), 

where PR and AAR are the protein and amino acid requirements 

(g/d), respectively. Am, At, Ay, and Ao are the fraction of 

the amino acid for maintenance, tissue, egg yolk, and 

ovomucoid, respectively. The advantage of this approach in 

the formulation of amino acid requirements of poultry is 

that it allows for any combination of the three variables 

that make up the total requirement. Thus, the model could 

be used to calculate the amino acid requirements for small 

birds such as quail and large birds such as the turkey. 
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Smith (1978a; -b) suggested some refinements to the 

models of Hurwitz and Bornstein (1973; 1977) and applied 

them to practical conditions based on more recent amino 

acid analysis of egg components, amino acid metabolism, 

and ovarian hormones in the hen. 

Combs (1960) reported a partition equation to 

determine the methionine requirements of laying hens: 

Methionine (mg/bird/day) = 0.05 W + 6.2 AW + 5.0 EM. 

Thomas (1967) published a similar equation for lysine 

requirement: 

Lysine (mg/bird/d) = 0.4 l'1 + 8.6 AW + 12.6 EM. 

Scott et ale (1976) calculated the efficiency of 

deposition of five essential amino acids in the carcasses 

of growing chickens and assumed the laying hen had the same 

efficiency. These workers based their requirements on the 

efficiency of utilization of the essential amino acids and 

the amount adequate to support a production rate of 90% of 

large eggs and to maintain body weight in hens. On the 

other hand the ARC (1975) assumed that the net utilization 

of available amino acids for egg production was 83%. 

In the Hurwitz and Bornstein (1973) approach, the 

plasma free amino acid pool was regarded as the source of 

amino acids which was replenished by amino acids from feed 

and degraded body tissue proteins. It was suggeseed for 
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a period of time that the rate of synthesis of egg wFite 

proteins resulted in an overall demand for amino acids that 

exceeded dietary supply with the balance being supplied 

from tissue protein with an efficiency of 25-50% 



CHAPTER 3 

EFFECT OF BODY WEIGHT ON FEED INTAKE 

AND PERFORMANCE OF LAYING HENS 

Introduction 

There are several reports that indicate the supe

riority of light-bodied hybrids over heavier-bodied birds. 

Livability, hen-housed production rate, production effi

·ciency, and lower feed intake have been reported to favor 

light-bodied hybrids (Jackson et al., 1969; Bolton et al., 

1970; Manson, 1972; Kessler et al., 1977). 

However, the findings of Cunningham and Morrison 

(1977) showed that heavy-bodied hybrids had greater 

livability, hen-housed and hen-day production with no 

difference in efficiency of production even though body 

weight gains were greater during the laying period com

pared to light-bodied birds. 

It is well known that feed consumption in laying 

hens is partially dependent upon physical factors such as 

ambient temperature, air velocity, and. humidity, among 

others. Biological factors such as stage of production 

and maintenance requirements also influence energy expendi

ture and feed consumption. In the laying hen, maintenance 

needs account for about 60% of the total ME consumed and 

only that energy above maintenance can be used to sustain 
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egg production. However, there is little recent work that 

has evaluated the extent to which such factors as body 

weight and age of bird affect maintenance requirements. 

The renewed interest in the effects of body weight 

on nutrient requirements and performance prompted the 

iniation of this experiment which was designed to quantify 

the effects of body weight on voluntary feed intake and 

performance. Some information on protein and energy 

utilization is also reported. 

Experimental Procedure 

A total of 416 Deka1b XL links hens were divided 

into four body weight groups at 28 w of age and fed the 

experimental diet for eight consecutive 14-d periods. The 

average initial body weights were 1.83, 1.66, 1.55, and 

1.39 kg, respectively. 

A single basal diet (Table 2) was formulated to . , 

meet or exceed the NRC (1977) recommended nutrient a11ow-

ances. The experimental diet was based on milo and soy-

bean meal to provide a protein content of 15.5% with a ME 

content of 2.82 kca1/g. Hens were housed in individual 

cages under mid-summer and fall "conditions with an average 

temperature of 21°C. Egg production, body weight, egg 

weight, and feed consumption data were summarized every 

14 days. 

Energy balance was calculated using the calorific 

values previously reported by Davis et a1. (1972, 1973) 
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Table 2. Composition of experimental diet 

Ingredient Percentage 

Ground milo 

Soybean meal {48} 

Dehydrated alfalfa meal 

Ground limestone 

Dicalcium phosphate 

Vitamin mixl 

Tallow 

Trace mineral mix2 

Salt 

DL-Methionine 

1. Supplied the following per kg diet: 

3,690 IU vitamin A 
6,151 ICU vitamin D 
1.76 mg Riboflavin 3 

11 mg Niacin 
4.4 mg Calcium Pantothenate 
5.3 ~g vitamin B12 
2.2 IU d-a-Tocopherol acetate 
0.9 mg Menadione Sodium Bisulfite 
175 mg Choline Chloride 

50 mg Ethoxyquin 

2. Supplied the following in ppm: 

20 Fe 
60 Zn 
60 Mn 

4 Cu 
1 Mo 

63.64 

17.60 

5.00 

8.34 

1.62 

1.00 

2.00 

0.10 

0.40 

0.10 

0.20 



and more recently by Reid et ale (1978) of 1.6 kcal/g of 

whole egg and 5.0 kcal/g of body weight change (~BW). 

Therefore"EB = (g/egg/d) 1.6 + (~BW) 5.0. 
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Regression analyses were run to evaluate energy 

utilization as affected by body weight. The regression 

technique used was that of Farrell (1974) in which ME 

consumption per kg physiological body weight (PBW) as 

independent variable was regressed on ER/PBW. The result

ing equation predicts the maintenance energy requirement 

as the intercept on the x-axis and fasting heat production 

(FHP) as the intercept on the y-axis. The slope of the 

line gives the availability or efficiency of ME conversion 

to net energy (NE). A similar regression analysis employing 

feed consumption as the independent variable gives the NE 

of the diet in kcal/g as the slope the maintenance feed 

requirement as the intercept on the x-axis and, again the 

FHP as the y-intercept (Figure·2). Analysis of variance 

was carried out to determine statistical significance and 

the means separated using LSD (Steel and Torrie, 1960). 

Results and Discussion 

Feed consumption was directly related to body 

weight and ranged from 118 g/bird/d for the heaviest to 

100 g/bir~/d for the lightest group (Table 3). These feed 

intake levels resulted in ME consumptions of 332 to 283 

kcal/bird/d. Total sulfur amino acid (TSAA) intakes varied 

from 679 to 578 mg/d with protein consumptions of 18.2 to 
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Table 3. Effect of body weight on nurtrient intakes and 
performance l 

Feed intake (g/d) 

ME intake (kca1/d) 

Protein intake (g/d) 

TSAA intake (mg/d) 

Egg production (%) 

Egg weight (g) 

Egg output (g/d) 

Feed conversion 
(kg feed/kg egg) 

I 

332 

1B.2 

679 

2.24 

Body Neight Group 

II 

31S 

17.2 

646 

2.17 

III 

306 

16.B 

624 

2.09 

IV 

2B3 

lS.4 

S7B 

Mean 

110 

309 

16.9 

632 

B3.B a ,b B3.4 

SB.Sd 61.4 

49.0c S1.1 

2.04 2.14 

1. Values in the same line with different superscript are 
significantly different (p < O.OS) 
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to 15.4 g/bird/day, respectively. All of the nutrient 

intake figures were above the NRC (1977) recommendations, 

except for the light birds. These lighter birds consumed 

somewhat less than those amounts usually employed for laying 

hens during this first stage of production. 

Percent production expressed on a hen-day basis did 

not appear to be related to BW, however, there was a trend 

for the lightest birds to produce more eggs (84 vs. 82%). 

As expected and as indicated by several authors (Jackson 

et al., 1969; Bolton et al~, 1970; Manson, 1972; Kessler 

et al., 1977) egg weight was directly related to body 

weight, with each group showing statistically significant 

differences (P < 0.05) from the others. This resulted in 

egg outputs which ranged from 52.5 to 49.0 g egg/bird/d for 

the four groups. The lowest egg output was obtained from 

the lightest birds. Cunningham and Morrison (1977) have 

also indicated that heavy hybrids showed greater hen-housed 

and hen-day production, with no difference in efficiency 

of production. 

Feed conversion, expressed as kg feed per kg egg 

produced, was directly related to BW, with the most 

efficient conversion for the lightest body weight group. 

The lightest birds required 9% less feed per kg of eggs 

produced compared with the heaviest birds (Table 3). 

The average final 'body weights of the respective 

groups remained in the same order originally established 



(Table 4). The percentage increases in body weight for 

the four classes were not significantly different. The 

lightest bodied birds gained an average of 120 g during 

the study while the heaviest birds gained 150 g. 
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Metabolizable energy requirements for maintenance 

varied from 210 to 164 kcal/d for the heaviest and lightest 

groups, respectively. These maintenance figures correspond 

to 59% of the total ME consumption and ranged from 60.5% 

for the heavy birds to 57.9% for the light birds. Main

tenance energy needs were 18% higher for the heaviest 

bodied birds and the lighter birds needed a smaller pro

portion of the energy consumed for maintenance purposes. 

Energy balance values ranged from 90.7 to 83.8 kcal/d for 

heavy- and light-bodied birds, respectively (Table 4). 

These energy balance figures reflect the ME available above 

maintenance which was used for production of eggs and body 

weight gain. Although the lightest birds used a smaller 

proportion of dietary ME intake for maintenance the total 

ME intake was decreased to a greater extent and resulted in 

119 kcal above maintenance in comparison with 131 kcal for 

the heavy birds. The gross efficiency of egg production, 

calculated as egg energy divided by total ME consumption, 

indicated that lighter birds tended to be more efficient. 

Byerly et al. (1980) has reported similar observations for 

lighter birds based on gross energetic efficiencies. The 

partial efficiencies, calculated as energy balance/kcal ME 
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Table 4. Effect of body weight on energy utilization 

Body Weight Group 

I II III IV Mean 

Initial BN (kg) 1. 83 1. 66 1. 55 1. 39 1.61 

Final BW (kg) 1. 98 1.81 1. 68 1.51 1. 95 

Increase (%) 8.20 9.04 8.30 8.63 8.38 

ME intake (kcal/d) 332 315 306 286 309 

Maintenance ME (kcal/d) 201 187 177 164 182 

% total ME 60.5 59.4 57.8 57.9 59.0 

ME above maint (kcal/d) 131 129 127 119 127 

~BW energy (kcal/d) 6.70 6.70 5.80 5.36 6.14 

Egg energy (kcal/d) 84.00 82.40 82.40 78.40 81.8 

Energy balance (kcal/d) 90.70 89.10 88.20 83.76 87.94 

Partial eff. of EB 1 (%) 69.24 69.07 69.45 70.38 69.24 

Gross eff. egg prod 2 (%) 25.30 26.16 26.93 27.70 26.47 

l~ Calculated as energy balance divided by ME 
intake above maintenance x 100 

2. Calculated as egg energy divided by total ME 
intake x 100 
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above maintenance were not significantly different among 

the four body weight classes. This finding suggests that 

the utilization of ME for productive purposes was not 

affected by body weight and that the main advantage for 

the light-bodied birds was in reduced maintenance. 

Linear regression analyses of several performance 

parameters with body weight were performed in order to 

quantitate the effects of body weight (Table 5). All the 

correlation coefficients (r) were statistically significant 

indicating a linear relationship. The prediction equations 

indicate that under the conditions of this study, a 100-g 

Table 5. Linear regression of body weight on performance 

Initial Regression 
Body Weight Coefficient 
[kg(x)] r x 10- 1 Intercept 

For (y) equal to 

% Production -0.764 -0.508 91. 54 

Feed conversion (kg) 0.998 0.067 0.51 

Feed intake (g) 0.995 3.898 46.76 

Egg weight (g) 0.999 1.310 40.37 

Body weight gain (g) 0.965 9.786 -22.56 

Egg output (g) 0.924 0.745 39.15 

a. kg feed/dozen egg 



59 

increase in BW would be expected to result in a 0.5% 

decrease in egg production; a feed conversion improvement' 

of 0.067 kg feed/dozen eggs; a feed intake increase of 

almost 4 g/d; an egg weight increase by 1.31 g and an 

egg output increase of 0.75 g/bird/d. 

In order to evaluate energy utilization, a compo-

site regression analysis was run using ME intake per kg 

PBW as the independent variable and EB/kg PBW as the 

dependent variable. The predicted ME requirement for-

maintenance (MEm) of these birds was 127.7 with a FHP of 

96.0 kcal/d/kg PB\'l and an energetic efficiency of 75..2% 

(Figure 2). The ME calculated agrees with those obtained -m 

by several authors (Table 6). 

The average BW of the birds used in this study was 

1.61 kg with a range of 1.83 average weight for the upper 

25% to an average of 1.39 kg for the lowest 25% of the 

birds. Nutrient intakes were adequate for all but the 

lightest birds when a single diet was fed. Additional 

studies are required to determine the effects of increased 

dietary nutrient density on the performance of the lighter 

birds. 

Sununary 

The results of this experiment reflect the differ

ences in maintenance requirements in relation- to BW and the 

effects of such differences on dietary energy utilization 
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Table 6. Daily maintenance metabolizable energy require
ment of laying hens, derived either from regres
sion analysis or respiration calorimeter --
regr = regression analysis: cal = calorimeter; 
~ffi = metabolizable energy; and PEW = physiological 
body weight 

Body 
Weight 

Reference (kg) 

Byerly (1941) 

Waring and Brown (1965) 

van Es et a1. (1970) 

Grimbergen (1970) 

O'Neill et a1. (1971) 

Bur1acu and Ba1tac (1971) 

Ba1nave (1974) 

De Groote (1974) 

Farrell (1975) 

Be1nave et a1. (1978) 

Reid et a1. (1978) 

Sell et a1. (1979) 

0.68-3.29 

2.00 

2.30 

2.00 

2.50 

1. 72 

1. 74 

1. 70 

1.82 

Valencia et a1. (1980a) 1.83 

Valencia et a1. (1980b) 1.82 

Experiment I 1.60 

Daily Maintenance 
ME Requirement 

Method (kca1/PBW) 

regr 133 

cal 106 

105-115 

cal 102 

cal 132 

cal 118 

regr 98.8 

99-133 

cal 183 

regr 140 

regr 111 

regr 114 

regr 134 

121 

regr 130 

104 

regr 127.7 
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and on performance. Maintenance needs were 201, 187, 177, 

and 164 kcal/bird/d for the four body weight groups, 

respectively. These values correspond to a 18.4% difference 

in ME requirement for maintenance between the heaviest and 

lightest bodied birds. The results of this study show that 

lower BW was associated with a reduction in egg weight and 

consequently a decrease in egg output (g egg/d). The light

bodied birds tended to produce more eggs but failed to 

produce as much total egg mass as the heavy-bodied birds. 

The amount of feed required to produce a kg of egg 

was 9% less for the light group than for the heavy group 

indicating a greater gross feed efficiency. The gross 

efficiency of egg production was 25.3 and 27.7% for the 

heaviest group (I) and the lightest birds (IV), respec

tively. The values determined for maintenance ME require

ment, for fasting heat production, and for energetic 

efficiency are within the range reported by several authors 

for a normal flock. 



CHAPTER 4 

TALLOW AND PROTEIN LEVEL EFFECTS ON LAYING 

HENS HOUSED BY AGE AND BODY WEIGHT 

Introduction 

There are reports (Reid, 1981) indicating that 

adding tallow to diet of birds above 50 weeks of age 

usually results in increases in body weight without any 

substantial increase in egg production. The results of 

the previous experiment suggested that dietary nutrient 

density may have been a limiting factor in the observed 

performance of the light-bodied birds. Previous work 

has shown that body weight, age and production level are 

important in determining the nutrient needs of the laying 

hen. With these facts in mind, three experiments were 

designed with old birds, force-molted birds and with 

young pullets. 

Experimental Procedure 

A total of 716 SOvL laying hens of different ages 

were housed in colony cages to conduct these three experi

ments. The studies were designed to evaluate the effect of 

body weight, protein and supplemental fat levels on energy 

and protein utilization and on performance. In the previous 

experiment (I), the birds were divided into four body weight 

62 



63 

groups~ while in present three experiments (II, III, and 

IV), the hens were housed in two body weight classes of 

heavy and light birds. Ten milo-soybean meal based diets 

were formulated to contain 12, 14, 16, 18, and 20% protein 

in combination with 1 or 4% added tallow (Tables 7 and 8). 

The diets were formulated by linear programming techniques 

and met or exceeded the NRC (1977) nutrient recommendations 

for all nutrients except those under study. 

The birds used in the first study (Experiment II) 

consisted of 300 78 week-old laying hens selected from the 

hens in Experiment I and they were used as representatives 

of older birds in the latter phase of the egg production 

cycle. Average initial body weights were 2.04 and 1.66 

kg/bird for the heavy and light classes, respectively. 

Experiment III was carried out with 96 forced 

molted hens which were 106 weeks old at the initiation of 

the study. The birds had been molted with a conventional 

or a low-sodium program. Average initial body weights 

were 2.16 and 1.78 kg/bird for the heavy and lighter groups, 

respectively. Only the 12, 14, 16, and 18% protein diets 

were fed in this experiment. 

Experiment IV was conducted with 320 27 week-old 

pullets that were just coming into full production. The 

average initial body weights were 1.95 and 1.68 kg/bird for 

the heavy and light groups, respectively. 
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Table 7. Basal diets composition (%) for Experiment II, 
III, and IV 

Diets 

Ingredients 12-0 14-0 16-0 18-0 20-0 

Ground milo 64.85 61. 40 57.96 53.98 47.65 

Soybean meal (48 ) 10.35 15.10 19.86 24.70 30.00 

Alfalfa meal 5.00 5.00 5.00 5.00 5.00 

Limestone 8.05 8.15 8.27 7.93 7.90 

Dica1cium phosphate 1. 70 1. 67 1. 63 1.60 1.55 

Bentonite 3.50 2.10 0.70 

Tallow 1.00 1. 00 1.00 1. 00 1. 00 

Salt 0.40 0.40 0.40 0.40 0.40 

Vitamin . a 
m~x 1. 00 1. 00 1. 00 1. 00 1. 00 

Trace mineral 
. a 

m~x 0.10 0.10 0.10 0.10 0.10 

DL-Methionine 0.06 0.08 0.08 0.09 0.09 

Total 96.00 96.00 96.00 96.00 96.00 

a. Same as in Experiment I reported in this dissertation 



Table 8. Composition of experimental diets (%) 

Diets 

Ingredient 1 2 3 4 5 

Basal 12-0 96 96 

Basal 14-0 96 96 

Basal 16-0 96 

Basal 18-0 

Basal 20-0 

Ground milo 4 4 4 

Tallow 4 4 

Cr203 .2 .2 .2 .2 .2 

a. Used only 12, 14, 16, and 18% basal diets 

for Experiments II, IlIa, and IV 

(%) 

6 7 8 9 10 

96 

96 96 

96 96 

4 4 

4 4 4 

.2 .2 .2 .2 .2 

0'1 
Ul 
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In each of these three experiments egg weight, body 

weight, and feed consumption data were summarized every 28 

days. All experimental diets were fed ad libitum and the 

duration of each study was six periods of 28 days each. 

All experimental diets contained 0.20% Cr203 as an 

inert marker for classical ME determinations from gross 

energy values of feed and fecal samples collected during 

the second 28-day period of each experiment. Standard 

methods were used for gross energy, Kje1dah1 nitrogen and 

chromium oxide determinations (Association of Official 

Analytical Chemists (AOAC), 1980). The values for energy 

balance were calculated as described for Experiment I. A 

three-way analysis of variance program was used to evaluate 

the statistical significance of the protein, fat, and body 

weight effects on laying hen performance in these studies. 

Daily protein intake requirements were estimated • 
from linear regression analyses using ER as the dependent 

variable and protein intake as the independent variable. 

The protein requirement was taken as the point of inter

section of the regression lines for the upper levels of 

protein intake and those for the lower protein diets. 

Results and Discussions 

Protein retention (PR) was significantly higher 

in the younger birds (Experiment IV) than the other two age 

groups (Table 9). The younger birds had an average PR of 



Table 9. Average protein retention and dry matter 
digestibility affected by body weight and 
fat levels'" 

Protein retention (%) 

DMD (%) 

Protein retention (%) 

DMD (%) 

Protein retention (%) 

DMD (%) 

Body Weight 
Fat 

Levels 
(%) 

Heavy 

1 4 

Experiment II (Old Hens) 

-
X 

36.0 30.6 

33.3 

70.5 66.1 
68.3 

Light 

1 4 

43.5 36.2 

39.9 

73.9 _ 67.8 
70.9 

Experiment III (Molted Hens) 

32.2 34.5 
33.4 

65.0 67.0 
66.0 

Experiment IV (Young Hens) 

42.8 44.8 
43.8 

69.8 69.8 
69.8 

35.2 37.2 
36.2 

65.2 67.3 
66.2 

39.1 44.0 
41.6 

72.1 69.2 
70.7 

·Values in the last column (for each parameter) with different 
subscript C'.re significantly different (p < 0.05) 
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42.7% while the older birds averaged 36.6 to 34.8%. 

Neither body weight nor dietary tallow level produced a 

significant change in protein retentions. However, the 

older birds in Experiments II and III tended toward 

improved PR for the light body weight birds. It is well 

established that percent protein retention tends to 

decrease with increases in dietary level and intake. Since 

the lighter birds consumed less feed and consequently less 

protein it would be expected that PR would be elevated 

under these conditions. Dry matter digestibilities (DMD) 

were also significantly higher for the youngest birds 

(Experiment IV) and the old birds which had not been 

molted (Experiment II) in these studies (Table 9). There 

is no evidence in these data to suggest that the feeding of 

tallow improved DMD and in fact the lighter birds exhibited 

a decrease in DMD which amounted to 4.2%. Average D~ID 

values for the young birds and the old birds (Experiments 

II and IV) were 69.6 and 70.2%; while the force-molted 

birds had an average DMD of 66.1% (5.6% lower). These data 

suggest that chronological age was of more importance in 

determining the digestive ability of laying hens than was 

production rate. 

Effect of Dietarx Protein Level 
on Energx Retention 

ME intakes were significantly reduced in the older 

and molted birds as the dietary protein level was increased. 



This finding suggests an ability of older birds to over

consume energy when fed diets with less than adequate 

protein levels (Table 10). At each level of protein, up 
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to the requirement, energy retention (ER) was increased 

with increasing protein in the diet. Maximum ER was 

obtained in the oldest-birds (Experiment II) at a dietary 

protein level of 18%. Only 14% dietary protein was required 

to promote maximum ER in the molted birds (Experiment III). 

While with the youngest birds (Experiment IV) a level of 

16% proetin resulted in maximum levels of ER. 

At each level of protein, ER/PBW was greater fqr 

the young pullets, as expected, because of greater egg 

output and gain in body weight for this group (Table 10). 

Energy retentions were 48.8, 41.7, and 38.6 kcal/PBW for 

the young pullets, molted and old hens, respectively. 

Molted birds retained more energy than the old birds, but 

less than the young, even though ME consumptions per day. 

were the same. This may be partially explained by the 

higher maintenance requirements of the molted birds, since 

they averaged 8% heavier than the young pullets. It should 

be mentioned that the molted hens, as will be seen through

out this dissertation, out-performed the old hens which had 

been laying for over a year. 

Non-productive time has been described as the 

phenomenon chiefly responsible for the fall in net effi

ciency of amino acid utilization which occurs in a flock 
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Table 10. Average ER and ME consumption affected by protein 
levels l 

Factor2 

ME/b/d 

ME/PBW 

ER/PBW 

ME/b/d 

ME/PBW 

ER/PBW 

ME/b/d 

ME/PBW 

ER/PBW 

12 

159.0 

33.2d 

173.2 

40.6b ,c 

173.0 

44.4d 

Protein Level· (%) 

14 16 18 

Experiment II (Old Hens) 

247.4a ,b 

157.2 

40.0b 

160.2 

37.2c 

156.9 

Experiment III (Molted Hens) 

287.6a 272.1b 284.9
a 

171.0 157.9 164.6 

49.9a ,b 

Experiment IV (Young Pullets) 

282.4a ,b 

176.8 

49.3b 

174.6 173.2 

20 

244.2b ,c 246.2b 

156.6 158.0 

40.4b 38.6 

166.: 

41.7 

169.5 173.5 

48.8 

1. Values in the same line with different superscript are significantly 
different (P < 0.05) 

2. ME/b/d = ME intake per bird/day j ME/PBW = ME intake per kg 
physiological body weight; ER/PBW = energy retention per kg 
physiological body weight 
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when rate of lay declines (Morris, 1972; Pilbrow and Morris 

1974). This effect was noted in the old hens in Experiment 

II. Protein retention values (Table 9) were lower for the 

old hens compared with the young pullets. The presence of 

increasing numbers of non-productive hens and the consump-

tion by these birds of more protein than was required for 

maintenance while not contributing to flock egg output may 

explain the lower protein efficiency. 

Effect of Body Weight and Dietary 
Fat on Energy Retention 

The light-bodied birds had daily ME intakes which 

were significantly lower than heavy-bodied birds in each 

of the experiments (Table 11). However, the figures were 

reversed when ME intake per kg physiological body weight 

was calculated. Daily ME intake for the light hens 

averaged 8% lower than for heavy birds. As previously 

noted, ER for the young pullets was greater than for old 

or molted hens. The 51.7 kcal retained per kg PBW by the 

young light bodied birds (Experiment IV) was significantly 

greater than the 46.0 kcal retained by the heavy-bodied 

birds in this experiment. Among the molted birds, those of 

lighter body weight had ER/PBW values which were signifi

cantly lower than the heavier birds (Table 11). 

Daily ME intakes were significantly.decreased in 

each experiment when the hens were fed the 4% fat

supplemented diets, and at the same time energy retention 
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Table 11. Average ER and ME consumption affected by BW and 
fat supplementation levels l 

Body Weight Fat Levels (%) 

Factor 2 

ME/b/d 

ME/PBW 

ER/PBW 

ME/b/d 

ME/PBW 

ER/PBW 

ME/b/d 

ME/PBW 

ER/PBW 

Heavy 

151.1 

38.7a 

160.9 

43.5a 

170.1 

46.0b 

Light 1 

Experiment II (Old Hens) 

164.7 

38.6a 

154.9 

35.3b 

Experiment III (Molted Hens) 

172.4 

39.9b 

166.2 

38.6b 

Experiment IV (Young Pullets) 

176,6 

51. 7a 

171.3 

49.2a 

1. Values in the same line (for each treatment) with 
different superscript are significantly different 
(P < 0.05) 

4 

160.8 

41. 9a 

167.1 

44.9 a 

272.8b 

165.4 

48.5b 

2. ME/b/d = ME intake per bird/day; ME/PBW = ME intake 
per kg physiological body weight; ER/PBW = energy 
retention per kg physiological body weight 
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per kg PBW was significantly improved by fat supplementa-

tion. These data suggest that energetic efficiency was 

improved by the addition of tallow to the diet. 

Effect of Dietary Fat and Body Weight 
Interactions on Energy Retention 

Among the birds of all ages fed the 1% added fat 

diets ER per kg PBW was significantly higher for the light 

hens (Table l2). However, when a level of 4% fat was fed 

the heavy birds in the two oldest groups showed-greater ER 

than the light birds. The young pullets fed 4% supplemental 

tallow s~owed the highest ER among these three experiments 

with a value of 50.6 kcal per kg PBW. The poorer ER 

values for the heavy birds fed 1% supplemental tallow may 

be expiained in part, by the results obtained in Experiment' 

I in which the heavy birds, were !calculated to utilize 60.5% 

of their ME intake for maintenance purposes versus 57.8% 

for the lighter birds. Therefore, despite the heavy birds 

having consumed more MEld, they showed lower ER values 

because they had to divert more energy to their larger 

maintenance requirements thus allowing less ME available 

above maintenance for production. 

The old and molted hens seemed to be more responsive 

than the young pullets to fat supplementation as far as 
, . 

ER/pBW is concerned. The ER/PBW in the old and molted 

groups were on the average 15% greater when they were fed 

the 4% fat diets. Since ER calculations include energy for 
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Table 12. Average ER and ME consumption affected by fat 
level x BW interaction 1 

Fat Levels (% ) 

1 4 

Factor 2 Heavy Light Heavy Light 

Experiment II (Old Hens) 

ME/b/d 2s9.3a 246.0c 251. 4b 228.2d 

ME/PBW 146.7 163.1 155.5 166.4 

ER/PBW 33.9d 36.6c 43.4a 40.sb 

EX)2eriment III (Molted Hens) 

ME/b/d 301. Sa 27l.2c 289.4b 269.0c 

ME/PBW 158.2 174.3 163.7 170.5 

ER/PBW 37.7b 39.4b 49.3a 40.sb 

EX)2eriment IV (Young Pullets) 

ME/b/d 299.4a 276.sc 284.9b 260.7d 

ME/PBW 167.9 174.8 172.4 178.5 

ER/PBW 4s.6c s2.7a 46.4c sO.6b 

1. Values in the same line with different superscript 
are significantly different (P < 0.05) 

2. ME/b/d = ME intake per bird/day; ME/PBW = ME intake per 
kg physiological body weight; ER/PBW = energy retention 
per kg physiological body weight. 
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body weight gain in addition to the egg energy output we 

must assume that the extra energy retained by the old hens 

went into body weight gain, because egg outputs were 

smaller than in the young pullets (Table 15). 

On the whole, 4% fat supplementation reduced ME 

intake and caused ER values to increase. This effect was 

probably due to improvements in the utilization of the rest 

of the nutrients as has been indicated and well substan-

tiated by Horani and Sell (1977); Sell et al. (1979); and 

Mateos and Sell (1980b, 1981) and to .reductions in heat 

increment with the additional tallow. 

Effect of Body Weight on Performance 
and Nutrient Intake 

The average egg production, as expected, was 

associated with age of the birds (Table 13). Excluding 

hens from Experiment IV, percent egg production for all 

light-bodied birds was significantly better (P < 0,05) 

than the heavy birds. But when egg weight is included for 

the calculation of egg output, the differences observed by 

body weight disappeared and there were no statistically 

significant differences. As mentioned in the literature 

review, Jackson et al. (1969) found that light-weight 

hybrids consumed less feed ·than the medium hybrid and 

failed to produce greater egg output than the medium. They 

also found, nevertheless, that the light hybrids produced a 
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Table 13. Effect of body weight on performance of laying 
hens l 

Performance Earameters 
Feed 

Body Production Egg Output Feed Intake Conversion 
Weight ( %) (g egg/d) (g/d) (kg/doz) 

Experiment II (Old Hens) 

Heavy 59.1b 38.0 94.7a 2.02a 

Light 64.3a 38.7 87.8b 1. 67b 

Experiment III (Mol ted Hens) 

Heavy 63.0 b 42.3 109~4a 2.26a 

Light 68.9a 43.2 100.lb 1. 86b 

Experiment IV (Young Pullets) 

Heavy 80.8 47.5 108.2a 1.58a 

Light 80.1 47.1 99.5b 1.47b 

1. Values in the same column, for each experiment, with 
different superscript are significantly different 
(P < 0.05) 
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significantly greater number of eggs of lower weight than 

those of medium body weight. A related Russian experiment 

by Bezusova and Zlochevskaya (1978) showed that Dwarf hens 

surpassed normal White Leghorns in total egg mass produced 

per m2 of floor area. Dwarf hens produced 82.2 kg vs. 

64.5 kg egg mass produced by the White Leghorn even though 

the latter produced a heavier egg. There are several 

reports indicating the light bodied strains as being 

superior to the heavy bodied strains in some production 

factors (Jackson, et al., 1969; Bolton et al., 1970: 

Manson, 1972: Kessler et al., 1977). 

Since their maintenance requirements are higher, 

feed intake, as expected, was significantly greater 

(P < 0.05) for the heavy birds. With lower feed intakes 

and no significant differences in egg output, feed conver-

sion expressed as kg feed/dozen eggs (also, when expressed 

as kg feed/kg egg) was significantly better for the light 

birds. 

Effect of Dietary Fat Level 
on Performance 

There were no significant differences in percent 

egg production due to level of fat supplementation (Table 

14). However, there was a consistent lowering of feed 

intake in all ages of birds by feeding the 4% fat diets. 

Feed conversion was also improved by the 4% fat addition. 

Egg output was not improved by fat supplementation in old 



Table 14. 

Fat 
Levels 

( %) 

1 

4 

1 

4 

1 

4 

Effect of fat levels on performance 
hens l 

Performance Parameters 

Production Egg Output Feed Intake 
( %) 

61.1 

62.3 

(g egg/d) (g/d) 

Experiment II (Old Hens) 

38.3 92.3 

38.4 90.3 

Experiment III (Molted Hens) 

107.4 

102.1 

Experiment IV (Young Pullets) 

79.9 46.8b 104.9 

80.9 102.7 

78 

of laying 

Feed 
Conversion 2 

(kg/doz) 

1.89a 

1. 80b 

2.04 

2.04 

1. Values in the same column with different superscript 
are significantly different (P < 0.05) 

2. Expressed as kg feed/dozen eggs 
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hens, but it was increased significantly in the young 

pullets. These findings tend to confirm the report of Reid 

(1981) in which he indicated that fat supplementation for 

birds over 50 weeks old resulted in increases in body 

weight with no substantial changes in egg production. 

Effect of Dietary Protein Level 
on Performance 

All birds performed well with the feeding of 
-

dietary protein levels above 12%. Young pullets showed 

good production in the 14 to 20% protein range; however, 

molted birds did not seem to require more than 12% dietary 

protein (Table 15). The estimated daily protein intake 

requirements determined by regression analyses, were 16.8, 

13.7, and 12.8 g/d to support production levels of 84, 64, 

and 66% for the young, old and molted birds, respectively. 

Generally, there was an improvement in egg output when 

dietary protein increased from 12 to 14% and reached a 

plateau when the requirements were met. 

Effect of Age and Body Weight 
on Energy Utilization 

No logical explanation can be given for the body 

weight loss that occurred in Experiment II; since the birds 

in the other two experiments gained body weight during the 

experiments (Table 16). However, these were the oldest 

hens and had been laying over a year; many of them stopped 

laying or even molted while on experiment. 
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Table 15. Effect of protein levels on performance of 
laying hens 1 

Protein 
Level 

(%) 

12 
14 
16 
18 
20 

12 
14 
16 
18 

12 
14 
16 
18 
20 

Performance Parameters 

Production 
(%) 

Egg Output 
(g egg/d) 

Feed Intake 
(g/d) 

Experiment II (Old Hens) 

57.7 c 34 5b 92.9 
73.1a ,b 

• a 
91. 6 40.2b 61.2 36.7a 91.5 

65.2 a 
41.°a 80.6 

62.4a ,b 39.3 90.6 

Experiment III (Molted Hens) 

67.0a ,b 42.1b 

70.1: 45.7
a 

61.2b 39.2c b 
65.7 43.9a , 

106.1 
106.4 
100.8 
105.6 

Experiment IV (Young Pullets) 

d 43.8b 48.2 
49.7 a 

46.6c 

50.8a 

100.7 
104.5 
105.4 
105.3 
103.2 

Feed 
Conversion 2 

(kg/doz) 

2.09a 
1.78b ,c 
1. 85b 

1. 70c 
1.80b ,c 

1. 94 
1. 94 
2.13 
2.14 

1.57 
1.51 
1. 53 
1.44 

·1.46 

1. Values in the same column with different superscript 
are significantly different (P < 0.05) 

2. Expressed as kg feed/dozen eggs 
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Feed intake as expected was greater for all the 

heavy birds in comparison with the light birds (Table 16). 

As a consequence, ME intake per day was also greater. As 

we have seen in previous tables, egg output was essentially 

the same for both heavy and light bodied hens. Energy 

retention or energy balance was also basically the. same, 

indicating again that heavy-bodied hens directed more of 

the ME intake for body weight gain. This is clearly seen 

with the molted hens in Experiment III. Excluding Experi

ment II, heavy bodied birds gained 0 . .58 and 0.40 g/d vs. 

0.22 and 0.27 g/d for the light-bodied birds in Experiments 

III and IV, respectively. These larger body weight gains 

for the heavy hens amounted to 61.5 and 32.7% more than for 

light-bodied hens. Therefore, when gross efficiency of 

egg production (calculated as egg energy divided by the 

total ME intake x 100) was calculated, light-bodied birds 

were more efficient than the heavy bodied birds in the 

three experiments. On the average, for the three experi

ments the lighter birds were 8.8% more efficient. Davis 

et al. (1972), working with light-bodied birds (WL), 

determined energy utilization as affected by temperature in 

laying hens. It was observed that birds in a warm environ

ment (35 °C) ate 34% less feed and lost more weight than 

birds in the cool environment (10 °C), but the birds in the 

warm environment maintained the same high level of egg 

production and normal egg size. They concluded that since 
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Table 16. General effect of body weight on nutrient intake 
and energy utilization 

Criteria 

Initial BW (kg) 
Final BW (kg) 

6BW (g/d) 

Feed intake (g/d) 
ME intake (kcal/d) 
Protein intake (g/d) 

Egg output (g/d) 
6BW energy (kcal/d) 
Egg energy (kcal/d) 
Energy balance 

(kcal/d) 

Gross efficiency2 of 
-egg production (%) 

l. II = Old Hens, 

Experiment l 

II III IV 

Heavy Light Heavy Light Heavy Light 

2.04 1.66 2.15 1.78 1.95 1.69 
2.00 1.61 2.25 i.82 2.02 1.73 

-0.23 -0.33 

94.66 
255.6 
15.1 

38.0 
-1.17 
60.8 

59.63 

23.78 

87.84 
237.2 
14.9 

38.7 
-:1.65 
61.9 

60.25 

26.10 

0.58 0.22 

109.39 100.07 
295.3 270.2 
18.6 17.0 

42.3 43.2 
2.88 loll 

68.7 69.1 

70.58 70.21 

22.92 25.60 

0.40 

108.18 
293.1 
18.4 

47.5 
1.98 

76.1 

78.08 

26.10 

III = Molted Hens, and IV = Young Pullets 

0.27 

99.48 
268.6 
16.9 

47.1 
1.34 

75.4 

76.74 

28.10 

2. Calculated as egg energy divided by the total ME intake/d 
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egg energy output was unaffected by environment, the gross 

efficiency of egg production was significantly increased 

in the warm environment. Table 17 shows a gross efficiency 

of 24.4 and 34.5% for the groups maintained at 10 °C and 

35 °C, respectively. Similar results were obtained by 

Davis et a1. (1973) using temperatures ranging from 7.2 to 

35 °C (partial results shown in Table 17). The gross effi

ciency of egg production was shown again to be improved by 

increasing the ambient temperature. 

Another factor influencing gross efficiency of ~m 

use for egg production is body weight of the bird. Byerly 

et a1. (1980) found gross efficiency values varying from 

10.2% for broiler breeders to 24.4% for White Leghorns. 

They calculated a gross egg production efficiency of 24.4% 

for White Leghorns weighing 1.80 kg, 20.7% for White 

Leghorns weighing 2.6 kg, and 10.2% for broiler breeders 

weighing 4.20 kg/bird. 

Even though Byerly's experiments dealt with str~ins 

of layers which were genetically different, a strong 

influence of body weight is suggested. Therefore, in 

Experiment I when gross efficiencies were calculated in 

relation to body weight I found the best efficiency to 

correspond to the lightest body weight group (Table 5). 

In Experiments II, III, and IV, which were run with 

the same strain of bird and at the same ambient temperature 



calculated gross energetic efficiencies all favored the 

smaller birds (Tables 16 and 17). 

Tallow, Protein, Age, and Body Weight 
Effects on Feed Conversion 

84 

Feed conversions, expressed as kg feed/kg egg mass 

produced, were in each experiment improved by feeding the 

14% protein diet in comparison with the values obtained 

with the 12% protein diets (Table 18). 

Another important result with respect to fat addi

tion was the lack of response in old hens when 4% fat diet 

was fed. Similar observations were made by Reid (1981) as 

referred to elsewhere. 

Considering the combined effects of tallow, protein, 

age and body weight on feed conversion in the tree experi

ments, the most consistent result may be attributed to 

body weight. The feed conversion values for the old and 

molted light birds were on the average 2.5% better than the 

heavy ones. In the young light pullets, 4.4% less feed was 

required to produce a kg of egg mass than for the heavy 

hens. 

Efficiency of Protein Deposition 

For the calculation of protein deposition efficiency 

for egg protein, the value of 10.5% for the protein content 

of whole egg was used as reported by the NRC (1981). Scott 

et al. (1976) cited several different sources which indicate 
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Table 17. Gross efficiency of egg production by different 
authors 

Source 

Davis et a1. (1972) 

Davis et a1. (1973) 

Average 
Body 
Weight 

(%) 

1. 84 

1. 87 

Polin and Wolford (1973) 1.60 

Reid et a1. (1978) 1.82 

Valencia et a1. (1980a) 

Byerly et al. (1980) 

NRC (1981) 

Experiment I 

Experiment II 

Experiment III 

Experiment IV 

1. 83 

1. 80 
2.60 

1. 83 
1.66 
1.55 
1.39 

2.04 
1.66 

2.15 
1. 78 

1.95 
1.68 

Gross Energetic 
Efficiency of 
Egg Production 

(%) 

24.4 

25.0 
28.5 
29.4 

22.9 

23.3 

25.0 
28.6 

24.4 
20.7 

11. 6-35.5 

25.3 
26.2 
27.0 
27.7 

23.8 
26.1 

22.9 
25.6 

26.1 
28.0 

10.0 

7.2 
15.6 
23.9 

21 
32 

21 

29.2 

29.2 

29.2 



Table 18. Average feed conversion of laying hens affected by tallow, protein and 
age of the bird. -- Feed conversion as kg feed/kg egfs. 

Type Protein Level (%) 
of Age Tallow Body 
Hen (wk) ( %) \oJeight 12 14 16 18 20 X 

Molted 94-118 1 Heavy 2.48 2.61 2.80 2.71 2.65 
Light 2.53 1.93 2.34 2.14 2.24 

X 2.51 2.27 2.57 2.42 2.44 

4 Heavy 2.53 2.36 2.83 2.48 2.55 
Light 2.54 2.53 2.40 2.30 2.44 

X 2.54 2.44 2.61 2.39 2.50 
Protein X 2.52 2.35 2.59 2.41 

Old 66-90 1 Heavy 3.10 2.34 2.68 2.32 2.62 2.61 
Light" 2.25 2.28 2.25 2.12 2.31 2.24 

X 2.67 2.31 2.46 2.22 2.46 2.43 

4 Heavy 3.13 2.23 2.55 2.15 2.16 2.44 
Light 2.47 2.25 2.52 2.14 2.14 2.30 

X 2.80 2.24 2.53 2.14 2.15 2.37 
Protein X 2.74 2.28 2.50 2.18 2.31 

Young 27-55 1 Heavy 2.25 2.44 2.23 2.52 2.07 2.30 
Light 2.36 2.30 2.02 2.35 1. 98 2.20 

X 2.30 2.37 2.12 2.43 2.03 2.25 

4 Heavy 2.51 2.12 2.34 2.25 2.09 2.26 
Light 2.21 1.95 1.99 2.05 2.00 2.04 

X 2.36 2.03 2.17 2.15 2.04 2.15 
Protein X 2.33 2.20 2.14 2.29 2.03 

co 
cr"I 



12% protein. Efficiencies of protein deposition derived 

from the data of Davis et a1. (1972) and reviewed by NRC 

(1981) showed an enhancement at higher temperatures. 

Values of 28.7 and 41.0% protein deposition efficiency 
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were obtained when birds were exposed to 10 and 35°C, 

respectively. My calculated values for efficiency of egg 

protein deposition as affected by body weight, showed that 

the light birds were about 7% more efficient than heavy 

birds (Table 19). In comparing average protein deposition 

efficiencies among experiments, young pullets were 10.5% 

more efficient than the molted hens. The molted hens 

consumed the same amounts of protein per day as the young 

pullets. The results agree with the observation of Morris 

(1972) and Pi1brow and Morris (1974) that old hens consumed 

more protein than was required for their production level 

and for maintenance purposes resulting in a reduction in 

the efficiency of protein utilization as the laying cycle 

progresses. 

Summary 

Protein retention was significantly higher in young 

pullets in comparison with the older birds ~n these studies. 

The younges~ birds averaged 42.7% protein retention while 

old and molted birds averaged 36.6 and 34.8%, respectively. 

Neither body weight nor dietary tallow level produced 

significant change in protein retention. Dry matter 
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Table 19. Effect of body weight and age of the bird on 
the efficiency of protein deposition in eggs 

Body 
weight 
Group 

Heavy 

Light 

Heavy 

Light 

Heavy 

Light 

Egg 
Output 
(g/d) 

38.00 

38.70 

42.30 

43.20 

47.55 

47.10 

Protein 
Intake 

(g/d) 

Protein 
per Egg 

(g) 

Experiment II (Old Hens)l 

15.1 3.99 

14.9 4.06 

Experiment III (Molted Hens)l 

18.6 

17.0 

4.44 

4.54 

Experiment IV (Young Pu11ets)l 

18.4 

16.9 

4.99 

4.95 

Feed Pro
tein in Egg 

(%) 

26.42 

27.25 

23.87 

26.68 

2·7.13 

29.26 

1. II = avg. 78; III = avg. 107, and IV = avg. 39 weeks 
old. 



digestibilities were significantly lower for the molted 

birds. The chronological age of the bird seemed to be a 

better determinant of the dry matter digestibility than 

production rate. 
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The lower ME intakes observed in old and molted 

hens as the dietary protein levels were increased is 

indicative of the tendency of old hens to overconsume 

energy when offered low protein diets. At each level of 

protein, ER/PB~·J was greater for the young pullets. Average 

ER/PBH were 48.8, 41.7, and 38.6 kcal for the young, molted, 

and old hens, respectively. At each level of protein, 

up to the requirement, ER 'vas increased \17i th increased 

protein in the diet. 

Daily ME intake was significantly lower for the 

light bodied birds than for heavy birds in each of the 

experiments. HO\-lever, calculations of ME intakes per 

PBW indicated that the light birds in each experiment 

consumed less ME than the heavy birds. Daily?4E intakes 

were significantly decreased when hens were fed the 4% fat 

diets in comparison with those fed 1% added tallow, and at 

the same time energy retention was improved in both heavy 

and light birds with the feeding of higher tallow diets. 

These data suggest that energetic efficiency was improved 

by the addition of tallow to the diets. As previously 

noted, ER for the young pullets was greater than for old 

or molted hens. The 51.7 kcal retained per kg PBW by the 



young light-bodied birds was significantly greater than 

the 46.0 kca1 retained by the heavy-bodied birds in 

Experiment IV. 
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Among the old and molted birds, the light birds 

had significantly greater hen-day egg production than the 

heavy-bodied birds. These differences disappeared when 

egg weight was included to calculate egg output. Since 

their maintenance requirements are higher, feed intake 

per day was higher for the heavy than for the light groups. 

Consequently, with lower feed intake and no significant 

differences in egg output, feed conversion, expressed as 

kg feed/kg egg, was significantly better for the light 

birds. 

The major effects of the 4% fat additions, were 

the lowering of daily feed intake, a lack of response in 

egg output in old hens and improvements in feed conversion. 

All birds performed well with dietary protein 

levels above 12%, as far as egg output was concerned. 

Estimated daily protein intake requirements, determined by 

regression analyses, were 16.8, 13.3, and 12.8 g/d to sup

port production levels of 84, 64, and 66% for the young, 

old, and molted birds, respectively. 

In the three experiments the light-bodied birds 

showed 9% better gross egg production energetic efficien

cies than the heavy-bodied birds. 
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Considering the combined effects of tallow, protein, 

age, and body weight in the three experiments, the most 

consistent result was the better feed conversion realized 

by the light-bodied over the heavy-bodied hens. The light 

birds were 7% more efficient in egg protein deposition. 

Young pullets were 10.5% more efficient in average protein 

deposition than the molted hens. 
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