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A B S T R A C T  

Supplemental fat, at levels up to 4-6% of the diet, has been shown 
to produce an "extra-caloric effect" beyond explanation, on the basis 
of metabolizable energy (ME) contribution to the diet. In addition, 
during periods of high-temperature stress (above 27 C mean daily 
temperature), consumption of ME above maintenance requirements 
decreases to an extent incompatible with economic production of 
eggs. The feeding of supplemental fat under these conditions to hens 
less than 50 weeks of age resulted in increased ME intakes and signifi- 
cant increases in egg production, egg weight, or both. This improved 
performance has been found to be associated with both the reduced 
heat increment of most diets when fat is added, and the effect on 
ME consumption. Fatty acid composition was not found to be re- 
lated to improved performance. 

INTRODUCTION 

The use of supplemental fat in poultry diets has long been 
established as a means of providing higher caloric density 
and improvements in feed conversion (1-6). Thus, the suc- 
cessful utilization of fat for poultry is closely associated 
with energy utilization and voluntary feed consumption 
rates. Touchburn arid Naber (7) have reported that substi- 
tuting fat for carbohydrate in the diet of turkeys resulted in 
improvements in feed efficiency that could not be explained 
on the basis of increased dietary metabolizable energy (ME). 
This effect has been termed the "extra-caloric effect" of fat. 
Jensen and co-workers (8) have estimated that if the im- 
provement in feed utilization due to the inclusion of fat in 
the diet was entirely attributed to the fat component,  the 
ME of the fat would be 10.165 kcal/g. This value exceeds 
the gross energy (GE) value of the particular material em- 
ployed in that study, and greatly exceeds the 7.7 kcal ME/g 
generally employed for fat in ration formulation. Horani 
and Sell (9) conducted a series of experiments evaluating 
the effects of supplemental fat for laying hens. When fat 
was included in rations based on corn, oats or barley, feed 
utilization was improved, and the improvements attributed 
to the fat supplementation were larger than anticipated from 
calculated changes in ME content  of the diets. Horani and 
Sell (10) also showed that the most consistent effects of 
supplemental fat on ration ME occurred when the supple- 
ment  was used at levels of 4-6% of the diet. 

In general, the numerous reports available on fat supple- 
mentation for laying hens suggest three methods whereby 
fats exert beneficial effects on egg production: by increasing 
the caloric density of the diet; by increasing the bird's ability 
to obtain useful energy from the diet (extra-caloric effect); 
and by increasing the metabolic efficiency of energy utiliza- 
tion. The latter two effects of supplemental fat may be ex- 
ploited to improve egg production in laying birds during 
periods of high-temperature stress. 

The effects of high temperature on laying hen perform- 
ance are well documented (11-13). The results of an experi- 
ment by de Andrade and co-workers (13)have shown that, 
during periods of high environmental temperature, laying 
hens reduce feed consumption, egg production rate, egg 
weight and shell thickness. This study was conducted with a 
constant temperature of 31 C and cyclic temperatures vary- 
ing from 26.7-35.6 C, in comparison with a constant tem- 
perature control group at 21 C (Table I). The detrimental 
effects of high-temperature stress on laying hen production 
appear to be related to the physiological responses of poul- 
try. The energy needs of chickens are intimately related to 
environmental temperature. As temperatures increase to 
26-27 C, energy needs decrease linearly and consequently 
feed consumption will decline. As the environmental tem- 
perature exceeds 29 C, feed intake decreases more rapidly 
than at lower temperatures. Simultaneously, the additional 
stress placed on the birds due to their dependence on respir- 
atory activity for heat elimination results in more energy 
consumption (14). 

A number of energy terms are associated with feedstuff 
evaluation, as shown in Table II. The GE of the feed repre- 
sents the maximum amount of potential energy available to 
the laying hen; it is reduced by losses occurring in fecal and 
urinary excretions to an energy term known as ME. Metab- 
olizable energy represents the maximum utilizable energy 
that can be converted to either products or body weight 

TABLE I 

High Temperature Effects on Laying Hens (13) 

Egg Feed Egg Shell 
production intake weight thickness 

Temperature (%) (g/day) (g) (ram) 

21 C, constant 84.4 98.1 55.0 0.319 
26.7 to 35.6 C, cyclic 78.9 76.4 51.5 0.292 
31 C, constant 67.8 72.3 50.4 0.279 

TABLE II 

Energy Utilization--Poultry 
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gain. In the process of utilizing ME, an additional loss occurs 
in the form of" heat increment, which represents the cost of 
utilizing and metabolizing energy for conversion to body 
weight or products. The remaining term, net energy (NE), 
is the amount of energy applied to maintenance, egg pro- 
duction or body weight gain. For many years, ME has been 
the measure used in poultry feed formulation for the evalu- 
ation of feedstuffs. Hathaway (15) has reviewed the effects 
of feed fat composition and digestibility in relation to ME 
content. He concluded that the feeding value of fats can 
vary considerably depending upon the fatty acid composi- 
tion and structure, and that such factors as moisture, insol- 
uble impurities and unsaponifiable matter should also be 
considered in evaluating fats for feed use. ME values have 
more recently been termed apparent metabolizable energy 
(AME). Within the last few years, a new technique has been 
developed by Sibbald in a series of papers for estimating true 
metabolizable energy (TME). Sibbald and Kramer (16) eval- 
uated the TME values for a series of fat sources (Table III). 

The efficiency with which laying hens utilize ME for body 
weight gain and egg production has become the subject of a 
number of studies in recent years. These measurements of 
energetic efficiency can be carried out quite rapidly and at 
the same time provide an accurate estimate of the effects of 
dietary formulation on laying hen performance. Studies in 
our laboratory have centered on the evaluation of environ- 
mental temperature effects in conjunction with dietary feed 
formulations and fat supplementation on energetic efficiency 
and laying hen performance. 

Davis and co-workers (17) have evaluated energy balance 
(egg output and body weight gain) using a comparative 
slaughter procedure on groups of laying hens at ambient 
temperatures of 7.2, 15.6, 23.9, 29.4 and 35 C. These work- 
ers found that energy intake declined as the environmental 
temperature was increased and that heat production, mea- 
sured as the difference between energy intake and energy 
retention, also declined with increasing ambient tempera- 
ture. There was a linear relationship between heat produc- 
tion and ambient temperature; no thermal neutral zone was 
detectable. The energy available for egg production remain- 
ed almost constant in these experiments at 50 kcal/kg phy- 
siological body weight per day, which was equivalent to an 
egg production rate of 82% at each of the ambient tempera- 
tures employed. 

A study by Burlacu and Baltac (18) has also measured 
the efficiency of energy utilization of White Leghorn hens. 
The basal diet contained 4.469 kcal GE/g, 19.4% crude pro- 
tein and 3.58 kcal ME/g. An energetic efficiency of 78.5% 
for the conversion of ME to NE was obtained in this study. 
The maintenance requirement for the white Leghorn hens 
weighing 1.7 kg was 125.8 kcal/kg physiological body weight. 
An additional measurement in this study involved estimating 
the energy costs per g of protein and fat synthesized by lay- 
ing hens to be 7.2 kcal/g protein and 12.13 kcal/g of fat 
deposited. 

There are three general methods available for estimating 
energy utilization in animals: direct calorimetry, indirect 
calorimetry, and slaughter techniques. The first two of these 
are usually of short-term duration and involve direct mea- 
sures of heat production through sophisticated calorimetry 
techniques or indirect estimates of heat production by mea- 
suring oxygen consumption and carbon dioxide evolution. 
The carcass analyses techniques can be of long-term dura- 
tion, and may be performed on a larger number of experi- 
mental animals than is usually possible with the measure- 
ments of heat production. In our studies the energy in eggs 
and in carcasses were measured by slaughter techniques, 
and we used regression analyses to predict energetic effi- 
ciencies of ME conversion to NE. 

TABLE Ill 

Metabolizable Energy o f Fats (16) 

AME TME 
Fat (kcal/g) (kcal/g) 

Soybean oil 9.02 9.52 
Corn oil 8.69 9.87 
Lard 8.80 8.07 
Beef tallow 7.11-7.70 8.07-7.00 
Animal-veg. blend 8.14 9.34 
Acidulated soapstock (soy) 7.77 9.05 

TABLE IV 

Energetic Efficiencies of Laying Hens (19) 

Maintenance Above 
Criteria and below maintenance 

Fasting heat production (kcal/PBW/day) 69.8 68.8 
Maintenance M E (kcal/PBW/day) 112.7 109.5 
Energetic efficiency (%) 61.9 62.8 

TABLE V 

Effect of Temperature on Laying Hens (20) 

21C 
% of 

32 C 21 C 

ME/day (kcal) 348.9 263.6 76.5 
% production 86.3 85.0 98.5 
Egg weight (g) 61.9 54.2 87.6 
Maintenance (kcal/day) 209.8 172.1 82.0 
Egg energy (kcal/day) 85.4 74.3 87.0 
Energetic efficiency (%) 70.4 69.4 --- 
ME above maintenance (kcal) 139.1 91.5 65.8 
Fasting heat prod. (kcal/day) 147.7 120:0 81.2 

In one of the early experiments we measured the effi- 
ciency with which laying hens convert ME to energy for 
maintenance and for production (Table IV). This study 
showcd that the energetic efficiency was virtually the same 
for these two functions-approximately 70%. The mainte- 
nance requirement of the hens employed in this study, 
housed under ambient conditions (16-26 C), was 100-112 
kcal/kg physiological body weight per day (19). 

In a subsequent experiment (20), the effects of housing 
temperature on energy utilization in laying hens were de- 
termined (Table V). The birds were housed at 21 and 32 C, 
and it was found that they consumed 24.5% less feed at the 
higher temperature. Egg production decreased only slightly 
by 1.5%; egg weight decreased by 12.4%. The maintenance 
energy required per hen per day decreased from 209.8 to 
172 kcat when the birds were housed at 32 C, an 18% re- 
duction. Egg energy production decreased by 13% due to 
losses in egg weight and egg production. The energetic effi- 
ciency with which the birds converted ME to NE was the 
same (70%) at the two temperatures, and in agreement with 
the results obtained in the first experiment. A striking effect 
of high temperature on laying hens is the reduction in the 
amount of energy available for production above mainte- 
nance. This reduction amounted to 34.2% and was not off- 
set by the reduction in the maintenance requirements of 
the laying hen at the higher temperature (Table V). 

The results of a number of experiments of this type are 
shown in Table VI. ME intake decreased significantly as 
housing temperature reached 27-29 C, and maintenance 
energy decreased linearly from 4-43 C. The difference be- 
tween the maintenance requirement and the ME intake nar- 
rows at temperatures above 27 C, and results in decreased 
energy balance. These data indicate that housing tempera- 
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tures for laying hens should be mainta ined be low 27 C (aver- 
age daily tempera ture)  to provide op t imum condi t ions  for 
m ax i mum performance.  

A number  of  studies have shown significant differences 
in the energetic eff ic iency with which animals use the three 
major  nutr ients  (carbohydrate ,  protein and fat). The ener- 
getic eff ic iency of  fat is considerably higher than that  of  
the o ther  two  major  nutr ients  due to its l o w h e a t  increment .  
In three exper iments  conduc ted  at 13, 18 and 35 C we in- 
vestigated the effects  of  incorporat ing 4% added fat in lay- 
ing hen diets. The effects on energy balance are shown in 
Table VII. These studies demonst ra te  significant improve-  
ments  in energy balance with added fat at 18 C or 35 C. 
Only a small increase was obtained at the lower  temperature .  
The  increase in energy balance, al though significant at 35 C, 
was certainly no t  compat ib le  with economic  per formance  

TABLE VI 

Effect of Temperature on Energy Utilization by Laying Hens 

ME Maintenance Energy 
Temperature intake energy balance 

°C (kcal/day) (kcal/day) (kcal/day) 

4 368 288 20 
16 358 243 80 
21 333 221 83 
2 7  300 205 74 
32 250 186 58 
38 186 160 29 
43 131 131 -13 

TABLE VII 

Effect of Temperature on Energy Balance in Laying Hens 

Energy balance/day 
Temperature Added Eggs ~ W  Total 

°C fat (kcal) (kcal) (kcal) 

13 0 71.5 30.5 102 
+ 75.5 32.5 108 

18 0 81.9 27.1 109 
+ 88.3 4 2 . 7  131 

35 0 46.0 -28.0 18.0 
+ 50.8 -19.7 31.1 

TABLE VIII 

Effect of Added Tallow on ME Consumption Above Maintenance 

Constant M.E. (kcal/day) 
temperature Without With Increase with 

°C tallow tallow tallow 

13 135 169 34 
18 136 168 32 
24 139 159 20 
29 87 127 40 
35 5 34 29 

by laying hens. Energy balance was only 31 kcal when fat 
was fed at 35 C, in compar ison with 131 kcal at 18 C. 

Feeding fat  during periods of  h igh- temperature  stress can 
be of  substantial benefi t  in improving the per formance  of  
laying hens; however ,  at ex t remely  high tempera tures  fat 
will not  be sufficiently beneficial  to offset  the de t r imenta l  
effects. In general, we have found  that  the incorpora t ion  of  
tal low into laying hen diets increases energy intake above 
that  which would  be obta ined wi thou t  the supplemental  fat. 
This ef fec t  appears to be more  p ronounced  at supplementa l  
levels below 4% of  the diet, and can result in substantial  
increases in egg produc t ion  in younger  birds. However ,  in 
birds above 50 weeks of  age, adding ta l low to the diet usu- 
ally results in increases in body  weight  wi thou t  any substan- 
tial increases in egg product ion .  The  summary  of  several 
o ther  exper iments  conduc ted  over a wider t empera ture  range 
(13-35 C) (Table VIII)  shows that  feeding 2-4% added die- 
tary tal low results in a 30 kcal increase in ME intake. These 
30 kcal, if used for egg produc t ion ,  would amoun t  to a 12% 
increase in egg produc t ion  rate. A very small increase in 
energy intake per day can result  in significant changes in 
egg produc t ion  rate in laying hens. 

Supplementa l  ta l low at levels of  1, 3 and 5% were fed to 
hens housed at 18 and 35 C, as shown in Table IX. Mainte- 
nance energy was lower  at 35 C, and was not  affected by 
dietary fat level. Energy balance was significantly improved 
with the addi t ion of  5% added tallow, in compar ison with 
the basal diet containing 1%. Energetic eff ic iency was no t  
significantly affected by ei ther  dietary ta l low level or hous- 
ing tempera ture  in this exper iment .  However,  the net  energy 
of  the diet was increased f rom 2.24 kcal/g to 2.46 kcal/g 
when 5% tal low was added. In a longer term exper iment  
taking place over 12-28  day periods, dietary fats ranging 
f rom 12.5 to 57.9% linoleic acid were fed at a level of  3%. 
The metabol izable  energy con ten t  of  the diet varied f rom 
2.73 to 2.94 kcal/g. Egg produc t ion  was significantly in- 
creased f rom the 78.1% level of  the basal diet to a range of  
81.6-84.8% with three o f  the four  fats tested in this experi-  
ment .  One sample of  fat (B) failed to produce a significant 
improvemen t  in egg p roduc t ion  or  feed conversion rate 
(Table X). 

We have also evaluated the effects  of dietary protein in- 
take on energy ut i l izat ion and found that  m a x i m u m  ener- 
getic eff iciency was obtained in the range of  17-21 g of  
protein intake per day in young  laying hens. At  lower pro- 
tein intakes there was a significant increase in the heat  in- 
c rement  of the diet;  as the dietary prote in  intake increased 
above 21 g, there was also an increase in heat  increment .  
Higher heat  increments  result in reduced energetic efficien- 
cies; therefore,  we should be cautious about  overfeeding 
protein to laying hens. 

The effects of  dietary amino acid balance were studied 
in an exper iment  with laying hens housed at 16 and 32 C. 
Metabolizable energy intakes were considerably lower at 
the higher temperature .  Since identical diets were fed in the 
two  houses, sulfur amino acid intakes were also lower at the 

TABLE IX 

Temperature and Dietary Fat Effects O n Energy Utilization by Laying Hens 

% Ad~ted f~; 
1 3 

Criteria "3"5 C 18 C 35 C 18 C 35 C 18 C 

ME/day (kcal) 161 a 323 d 178 b 350~ 186 c 368 f 
Maintenance ME (kcal/d) 102 a 129 ° 106 a 127 ° 104a b 135- 
Energy balance (kcal/d) 3.5 a 97.2 c 2.4 a 86.0 c 31.8 122.2-n 
Energetic efficiency (%) 78.5 78.9 78.2 , 76.8 , 78,8 80.1 
Diet NE (kcal/g) 2.23 a 2.24 a 2.35 ° 2.31 ~ 2.45 c 2.47 c 

aMeans not having common letter superscripts are significantly different at the 0.05 level of probability. 
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T A B L E  X 

Effect of Linoleic Acid Content of Feed 
Grade Fats on Laying Hen Performance 

Dietary treatment Feed 
Fat % Linoleic ME % conversion 

source acid (kcal/g) Production (kg/doz) 

Basal --- 2.73 78.1~ 1.78 b 
Y.G., 3.0% 12.5 2.89 84.1~ 1.66 a 

84.8~ A, 3.0% 24.7 2.94 1.59 h 
B, 3.0% 32.8 2.90 77.3 a 1.73- 
C, 3.0% 57.9 2.85 81.6u 1.66 a 

aMeans not having common letter superscripts are significantly 
different at the 0.05 level of probability. 

TABLE XI 

Effect of Sulfur Amino Acid Level  on Energy utilization 

32 C 16 C 
Criteria 0.47 0.50 0.47 0.50 

TSAA (mg/day) 449 465 517 598 
ME (kcal/day) 281 279 330 359 
ME above maintenance (kcal/day) 137 135 156 185 
Energy balance (kcal/day) 81 90 107 133 
Partial eff. of prod. (%) 59.1 66.7 68.6 71.9 
Energetic efficiency (%) 53 62 58 64 
Heat increment + activity (kcal/day) 132 106 139 129 

higher t empera ture .  The m a x i m u m  energy balance ob ta ined  
at 32 C was 90 kcal per  day, while the m a x i m u m  at 16 C 
was 133 kcal per  day. Energet ic  eff ic iency was identical  at 
the two  t empera tu res  with a m a x i m u m  level o f  61-64%. 
The feeding of  diets def ic ient  in m e t h i o n i n e  at the high 
envi ronmenta l  t empera tu re  resul ted in an energet ic  effi- 

ciency of  only 53%, whereas the lowest  tota l  sulfur amino  
acid intake at 16 C had 58% energet ic  eff ic iency (Table XI). 
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Energy Levels for Broilers 1 

P.W. WALDROUP, Dept. of Animal Sciences, University of Arkansas, Fayetteville, AR 72701 

A B S T R A C T  

One of the most important decisions to be made in feeding poultry 
is to determine the level of energy that will balance growth, carcass 
quality and efficiency of feed utilization with profitability of pro- 
duction. Strict adherence to measures of efficiency such as feed:gain 
ratios has caused many to overlook the potential benefits of modi- 
fying energy levels periodically to adjust to changes in price relation- 
ships among ingredients and in cost and quality of the finished prod- 
uct. It has been consistently shown that if an adequate quantity of 
essential nutrients is maintained in relationship to dietary energy, 
increasing levels of dietary energy for broilers results in a more rapid 
rate of gain and improvement in feed conversion efficiency. Contro- 

Published with the approval of the Director, Arkansas Agricul- 
tural Experiment Station. 

versy exists regarding the influence of dietary energy levels on carcass 
composition and quality, but in general, carcass fatness increases as 
dietary energy level increases. Selecting the optimum dietary energy 
level for broiler diets depends upon many factors, not all of which 
have been fully defined or quantitated. Higher energy levels may 
allow for more rapid gains or for a greater quantity of meat to be 
produced in a given time so that capital costs of housing, equipment 
and labor may be reduced. On the other hand, the ingredient and 
production costs of higher energy diets in contrast to diets of lower 
energy density may negate the benefits of improved performance. 

I N T R O D U C T I O N  

Energy is suppl ied to  the  chick by m o s t  feed  ingredients,  
and modi f i ca t ions  to  the  d ie tary  energy level can be made  
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