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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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in a number of ways. Seldom does one see simple dietary 
changes that influence only the energy. For example, the 
introduction of more fibrous, lower energy materials may 
lead to changes in amino acid availability (usually poorer in 
fibrous materials), increased fiber content and reduced phy- 
sical density (weight/volume) and levels of essential fatty 
acids. Although we would like to assume simple straight-line 
effects of dietary energy levels on broiler response, we can- 
not always do so, due to the complexity of other dietary 
interrelationships. 

E N E R G Y : N U T R I E N T  I N T E R A C T I O N S  

One of the most important developments in the use of high- 
energy diets for poultry was the concept of the calorie:pro- 
tein ratio. This concept states that there is an optimum 
balance of energy and protein; excessive levels of energy 
reduce performance by limiting protein intake. Examples 
of this were observed in early research studies. Henderson 
and Irwin (1) reported that chicks tolerated as much as 10% 
added soybean oil in their diets, but higher levels caused a 
growth depression and an increased rate of feather shedding. 
Yacowitz (2) reported that 2.5-5% cottonseed oil improved 
growth and feed conversion of growing chicks, whereas 10- 
15% resulted in growth depression and poor feathering. Biely 
and March (3) found that the addition of fat to a 19% pro- 
tein diet depressed growth and feed conversion in chicks, 
but had no adverse effects when added to diets with 24-28% 
protein. 

Donaldson et al. (4) demonstrated that fat levels up to 
31% could be fed to broiler chicks without adverse effects 
on performance if dietary protein levels were adjusted to 
maintain constant calorie:protein ratios. Baldini and Rosen- 
berg (5) further refined this concept to consider the optimum 
ratio of calories to other essential nutrients. They demon- 

TABLE I 

Regression Coefficients Related to Change in Performance 
Associated with Metabolizable Energy Changes of + 1 kcal/g (6) 

1 to 29 to 
Response Sex 28 d 56 d 

A. Live2weight gain M 5.11 6.06 
(/XW, g/day) F 3.29 4.24 

M/F 4.2O 5.15 

B. Food intake M 1.64 15.35 
(E,g/day) F 3.02 16.73 

M/F 2.33 16.04 

C. Food conversion M 0.21 0.15 
efficiency • F 0.17 0.12 

(FCE,/kW/F) M/F 0.19 0.13 

TABLE II 

Effects of Feeding Broiler Chicks Diets Varying 
in Metabolizable Energy to 56 Days of Age (7) 

Calories 
ME Body Feed:gain Feed/ Meal/ per gram 

(kcal/kg) wt (g)l ratio I bird (g)l bird I of gain 1 

2970 1409~ 2.17~ 3055 c 9.07~ 6.45 a. 
3080 14787 2.10 3095~c 9.53~c 6.46 a° 
3190 1500D~ 2.02~ 3019 . 9.63 6.44 a 
3300 1554~ d 1.94~ 3002a~ c 9.91~d 6.40 a, 
3410 1521, 1.92- 2916~ 9.94, a0 

1.86 a 2919_ 10.27 ae 3520 1569~; 6.55~6"54" 
3630 1580 1.83 a 2895 a. 10.51~ 6.66 
3740 1626 e 1.81 a 2938an 10.99- 6.77 c 

1Means having the same superscript do not differ significantly 
(p<.05). 

strated that the methionine requirement of the chick was 
influenced by the dietary energy level; as the energy level 
increased, a proportionate increase in the methionine re- 
quirement was observed. 

It is unfortunate that many researchers studying dietary 
energy do not consider this important concept when formu- 
lating diets. This has led to some experimental results that 
have undoubtedly been highly influenced by imbalanced 
calorie:nutrient ratios, rather than by energy levels per se. 
This has been especially true in studies intended to deter- 
mine the influence of dietary energy level in carcass compo- 
sition. 

BROILER RESPONSE TO E N E R G Y  

Fisher and Wilson (6) conducted an excellent survey, lasting 
over 20 years, of poultry research on the response of broilers 
to dietary energy levels. By combining the results of 51 ex- 
periments, they were able to estimate the influence of die- 
tar t  energy on various production parameters. The regression 
coefficients related to a dietary metabolizable energy change 
of +1 kcal/g are shown in Table I for various production 
factors. Live weight gains were increased, feed intake was 
reduced, and food conversion efficiency was improved as 
dietary energy level increased. Although total feed intake 
would be reduced, a greater energy intake would be expected 
with increasing dietary intake. 

Waldroup et al. (7) conducted trials to determine the 
response of broiler chicks to diets varying in energy level. A 
series of diets was formulated to contain from 2970 to 3740 
ME kcal/kg. All essential nutrients were maintained in pro- 
portion to the energy level so as to have equal ratios of 
amino acids, calcium, phosphorus and other nutrients to 
energy .  

Body weight gains increased as the dietary energy level 
increased, while the amount of feed required to support 
the gain was reduced (Table II). The amount of feed con- 
sumed per bird declined, but by only a small amount. For 
example, increasing the energy content from 2970 to 3740 
ME kcal/kg, an increase of over 25%, caused only a 4% re- 
duction in food intake. As a result, the total consumption 
of energy and other nutrients was increased. Energy utiliza- 
tion efficiency, measured as calories needed per gram of 
gain, was relatively constant from 2970 to 3520 kcal/kg, 
well within the normal energy use range. 

The birds were processed and evaluated to determine the 
effects of dietary energy on carcass quality. As the energy 
level increased, the birds had a higher fleshing score and 
carcass finish score, which reflected their greater body 
weight (Table liD. No significant differences were observed 
in body conformation. Birds fed the higher energy levels 
were judged visually to have the most abdominal fat, but  the 
score did not indicate an excessive amount. Overall carcass 
appearance scores did not indicate a problem with greasy 
appearance, even though very high levels of supplemental 
soybean oil was used to provide the high energy levels. 

DeGroote (8,9) has extensively researched the response 
of broilers to dietary energy levels. His data indicate that 
increasing the dietary energy level results in improvement in 
weight gains, a slight decline in feed consumption with a 
concomitant increase in energy consumption, and improved 
feed conversion efficiency without impairment of energy 
utilization (Tables IV and V). 

Although it has been conclusively demonstrated that in- 
creasing the dietary energy level results in more rapid body 
weight gains and improved efficiency of feed conversion, 
this does not imply endorsement of the use of high-energy 
diets. The cost of producing high-energy diets must be 
weighed against the potential returns. 
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TABLE l II  

Effects on Carcass Characteristics of Feeding Broiler chicks 
Varying in Metabolizab!e Energy to 56 Days of Age (7),. 

Carcass Carcass Body Abdominal Carcass 
ME fleshin~ finish conformation fat appearance 

(kcal/kg) score I ,o score 1,4 score 2,5 score 1,6 score / ,7 

2970 3.23 a 3.13 a 3.29 3.69 c 3.46~ 
3080 3.22 a 3.O6 a.  3.08 3.24~ 3.38 u, 
3190 3.22 a .  3.31ap 3.19 3.07~ 3.17~ n 
3300 3.62a~ 3 .28~  c 3.42 3.10~ 3.34 ~, 
3410 3.62~ n 3.63 3.51 2.48 a, 3.172~ 
3520 4.07- 3.86 c, 3.81 2.87a~ 3.42 , 
3630 3.35 a .  3 45 aoc 3.27 2 . 9 9 ~  3.28 a° 
3740 3.65 a° 3141 ab 3.33 2.89 3.05 a 

t Means having the same superscript do not differ significantly 
2(P<.05). 

No significant differences between treatment means 
3 

,1 = poorly fleshed. 5 = very well fleshed. 
;1  = poorly finished; 5 = good fat covering. 
.1 = poorly formed. 5 = good conformation 

O • ' . . " 1 = excessive amount. 5 = minimum amount 
7 . . ~ 1 =excesstve greasmess; 5 = dry, firm skin. 

TABLE IV 

Influence of Dietary Energy Levels on Performance of Broilers (9) 

Calories 
ME 56-day Feed/ Feed: Mcal/ per gram 

(kcal/kg) weight (g) day (g) gain bird of gain 

3000 1706 66.1 2.216 11.10 6.65 
3100 1758 63.2 2.058 10.97 6.38 
3200 1789 66.1 2.113 11.85 6.76 
3300 1835 66.1 2.060 12.22 6.80 
3400 1860 63.4 1.945 12.07 6.61 

TABLE V 

Influence of Nutrient Density on the Nutritional Efficiency 
of Broiler Production (8) 

Calories 
ME 56-day Feed/ Mcal/ Feed: per gram 

(kcal/kg) weight (g) day (g) bird gain of gain 

3000 1836 71.2 11.95 2.17 6.51 
3115 1880 71.4 12.46 2.13 6.63 
3207 1918 71.3 12.79 2.08 6.67 
3488 2047 69.5 13.56 1.90 6.63 

McDona ld  and  Evans (10)  used a c o m p u t e r  s imula t ion  
mode l  to  examine  the  effects  of  feeding least-cost  diets  con- 
ta in ing  ME levels varying f rom 2.7 to 3.25 kcal /g in the  
s ta r te r  die t  and  2.79 to 3.39 kcal /g  in the  f in isher  diet  on 
p ro f i t ab i l i ty  in a bro i le r  opera t ion .  Using a series of  a l terna-  
tive c o n d i t i o n s  and inf luences ,  they  d e t e r m i n e d  t ha t  the  
ef fec t  of  d ie tary  me tabo l i zab le  energy on g rowth  rate would  
in f luence  the  se lec t ion of the  m o s t  p ro f i t ab le  energy level. 
Higher  energy  levels could  be jus t i f ied  if  broi lers  r e sponded  
wi th  a more  rapid  g rowth  rate,  regardless of  w h e t h e r  the  
decis ion was based  on m a x i m u m  prof i t s  per  m e t e r  of  f loor  
space per  yea r  (Table  VI) or  on  m i n i m u m  cost  to  p roduce  a 
k i logram of  m e a t  (Table  VII).  

Farrel l  and associates  (11) c o m p a r e d  the  p e r f o r m a n c e  of  
broi lers  fed a range of  d ie tary  energy levels, f rom 9.3 to 14.3 
MJ kg -1 ( abou t  2225 to 3421 ME kcal /kg) .  As the  energy 
level increased,  the  birds grew fas ter  and  requi red  less food  
(in t e rms  of  b o t h  to ta l  weight  and  to ta l  energy)  to  reach 
specific live weights.  These  effects  were no t  marked ,  how- 
ever, when  the  d ie tary  ME c o n c e n t r a t i o n  was above  13.5 
MJ kg "1 (3230  ME kcal/kg).  Dressing pe rcen tage  increased 
wi th  increases in d ie tary  ME c o n c e n t r a t i o n  for  males bu t  
t e n d e d  to decl ine  for  females. Equa t i ons  were p resen ted  
to es t imate  response  to d ie ta ry  energy.  

A l though  the  cu r r en t  price of  ta l low or o t h e r  fat  supple-  
m e n t s  general ly  is in excess of  the i r  calorie  value, the re  
are ins tances  w h e n  fa t  supp l emen t s  b e c o m e  the  least-cost  
source of  energy and  when  high usage levels may  be 
just i f ied.  Some conce rn  has been  expressed  a b o u t  possible  
r educ t i on  in t he  u t i l i za t ion  of d ie tary  fats  at  high usage 
levels. However,  Farrell  (12) c o n d u c t e d  s tudies  on the  effi- 
c iency of  u t i l i za t ion  of energy f rom diets  wi th  a wide range 
of  levels of  corn  oil and  ta l low (uo to 14.1%), and  f o u n d  no  
s igni f icant  d i f fe rences  b e t w e e n  diets  in the  regression equa-  
t ions  re la t ing ME in take  to energy retentxon.  Energy reten-  
t ion  was actual ly  grea tes t  at  the  h ighes t  c o n c e n t r a t i o n  of  
ta l low in the  diet .  Therefore ,  if  h igher  fat  levels are e conom-  
ical, the  chick  is able to  use the  added  fat  economica l ly .  

E N E R G Y  A N D  H E A T  STRESS 

Since fats have a lower  hea t  i n c r e m e n t  t han  p ro te ins  and  
ca rbohydra t e s ,  it has o f ten  been  suggested t h a t  u n d e r  ex- 
t r eme  hea t  stress cond i t ions ,  a greater  po r t i on  of  the  d ie tary  
energy for  broi lers  shou ld  be. suppl ied  by supp l eme n ta l  fats. 
However ,  research work  to s u p p o r t  this  t heo ry  is no t  con-  

TABLE V! 

Broiler Profits per Square Meter of Floor Space As Influenced by 
Dietary Energy Level and Various Production Assumptions (10) 

Assume M.E. does not Assume M.E. affects 
affect growth rate growth rate 

Slaughter at Slaughter at Slaughter at Slaughter at 
age of 2 kg age of 2 kg 

M.E. of maximum body maximum body 
starter diets profit weight profit weight 

. . . . . . . . . .  (Profit/M2/year) . . . . . . . . . . .  

2.7 3.28 2.87 3.33 2.88 
2.75 3.86 3.47 4.18 3.81 
2.8 4.06 3.78 4.76 4.45 
2.85 4.38 4.00 5.26 4.99 
2.9 4.67 4.26 5.77 5.57 
2.95 4.79. 4.39. 6.15 6.02 
3.0 4.871 4.471 6.50 6.40 
3.05 4.77 4.36 6.69 6.62 
3.1 4.63 4.24 6.81 6.78 
3.15 4.50 4.12 6.94. 6.96. 
3.2 4.39 4.00 7.091 7.131 
3.25 3.64 3.21 6.91 6.97 

1 Point of maximum profitability. 

TABLE VII 

Broiler Production Costs As Influenced by Dietary Energy Level 
and Various Production Assumptions (10) 

Assume M.E. does not Assume M.E. affects 
affect growth rate growth rate 

Slaughter Slaughter Slaughter Slaughter 
at a.ge of at 2 kg at a.ge of at 2 kg 

maximum body maxamum body 
profit weight profit weight 

. . . . . . . . . .  Cost/kg of chicken . . . . . . . . . .  

2.7 51.47 51.68 51.45 51.67 
2.75 51.02 51.2 50.79 50.94 
2.8 50.78 50.94 50.34 50.45 
2.85 50.61 50.76 49.96 50.04 
2.9 50.41 50.55 49.56 49.61 
2.95 50.31 50.45. 49.27 49.30 
3.0 50.251 50.391 49.01 49.03 
3.05 50.33 50.47 48.90 48.90 
3.1 50.42 50.58 48.80 48.80 
3.15 50.52 50.67 48.70. 48.70. 
3.2 50.60 50.77 48.601 48.601 
3.25 51.20 51.4 48.79 48.78 

1 Point of least cost of meat production. 
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clusive. K u b e n a  and  associates  (13 ,14)  c o n d u c t e d  two stud-  
ies in e n v i r o n m e n t a l  chambers ,  Broilers were fed the  tes t  
diets  f rom 4 to  8 weeks of  age at  21 C. At  8 weeks of  age, 
the  broi lers  were sub jec ted  to 40  C. 

In the  first  s tudy,  fa t  levels of  1 and  7% added  fa t  were 
c o m p a r e d  in isocaloric diets.  The  broi lers  given isocaloric  

TABLE VIII 

Effect of Added Fat in lsocaloric Diets on Response to Heat Stress 
(40 C) by Broilers (13) 

% added fat 1,2 
7.0 1.0 

Effects (3175) (3168) 

(Number) 
Mortality from heat 

0- 30 min 0 a 0 a 
31- 60 min 23 a l0  b 
61- 90 min 64 a 38 ° 
91- 120 min 52 a 50 a 

121- 150min 31 a 33 a 
151-1080 min 20a 23a h 

Total 190/360 a 154/360- 

Survivor weights (g) 1661 b 1682 ab 

Mortality weights (g) 1709 a 1698 ab 

Mean weights (g) 1686 1689 

1 Figure in parentheses is ME kcal/kg. 
2 Means having the same superscript do not differ significantly 

(P<.05). 

TABLE IX 

Influence of  Dietary Fat and Energy Levels on Response to Heat 
Stress (40 C) by Broilers (14) 

S-week  
ME % Added Mortality body weight (g)l 

(kcal/kg) fat (number) 1 Survivors Mortality 

3042 1.00 76/180 a 18379 1919 ab 
3207 3.00 80/180 a 1924 °c 1909 a 
3372 7.00 65/180 a 1965~ 2047~ 
3461 10.00 74/180 a 1912- 1957 u 

1Meanshavingthesamesuperscript  do not differsignificantly 
(e<.05). 

TABLE X 

Influence of  Dietary Fat on Response of Broiler Chicks to Heat 
Stress (Constant Temperatures) (15) 

A B C 

Calculated analysis 
ME (kcal/kg) 3190 3190 3530 
Protein (%) 22.0 22.0 24.3 
Fat calories (%) 12.6 33.6 33.2 
Nutrient density (%) 100 100 111 

Body weight gain (g)l,2 
14C l 1 5 1 b ( l o 0 )  1198bc(104) 1263 c (110) 
31 C 942" (100) 988 a (106) 1010 a (107) 

Feed/gain 1 
14 C 2.15 d 2.09 cd 1,83 ab 
31 C 2.04 c 1.89 D 1,77 a 

Carcass lipid (%)1 
9 a 13.72~d 14 C .99 12.37 bc 

31 C 11.23 ab 13.19 c 14.84- 

1 Means having the same superscript do not differ significantly 
(P<.05). 

2 Values in parentheses are relative to that of treatment A at 
corresponding temperatures. 

diets  wi th  7% added  fa t  had  h igher  m o r t a l i t y  dur ing  the  f irst  
90 minu t e s  of  exposure  to  hea t  stress t h a n  those  wi th  1% 
added  fa t  in the i r  diets  (Table  VIII) .  Mor ta l i ty  dur ing  the  
to ta l  hea t  stress episode was s igni f icant ly  grea ter  for  the  
bi rds  fed the  diets  wi th  7% added  fat .  

In the  second  s tudy,  added  fa t  levels ranged f rom 1 to  
10%; however ,  in this  ins tance  the  d ie tary  energy  level was 
a l lowed to  increase  as the  fa t  levels increased.  The  ra t io  o f  
essential  n u t r i e n t s  to  energy  was m a i n t a i n e d  cons t an t .  In 
this  s t udy  there  was no  in f luence  o f  d ie ta ry  fa t  level on  
hea t  s t ress- induced m o r t a l i t y  (Table  IX). 

In b o t h  the  exper imen t s ,  t he  bi rds  t h a t  died were weighed.  
These  birds were larger t h a n  the  surviving birds,  r e in forc ing  
the  c o m m o n l y  held  bel ief  t h a t  larger birds are more  suscep- 
t ib le  to  hea t  stress. The  resul ts  of  these  s tudies  do no t  sup- 
p o r t  the  idea t h a t  h igh-energy diets  shou ld  be  used in ex- 
t r eme ly  ho t  wea the r  to  min imize  mor t a l i t y .  

Dale and  Ful ler  (15) observed  t h a t  b ro i le r  chicks fed diets  
wi th  a c o n s t a n t  d ie ta ry  energy,  bu t  also wi th  an increased 
po r t i on  of  the  calories c o m i n g  f rom s u p p l e m e n t a l  fat ,  had  
less depress ion  in p e r f o r m a n c e  due  to h e a t  stress dur ing  
e i the r  c o n s t a n t  high t e m p e r a t u r e s  (Table  X) or cyclic high 
t e m p e r a t u r e s  (Table  XI). T h e y  also p o i n t e d  ou t  t h a t  fac tors  
o the r  t han  reduced  feed in take  c o n t r i b u t e  to  the  g rowth  
depress ion  associated wi th  high t empe ra tu r e .  

E N E R G Y  A N D  L INOLEIC  A C I D  NEEDS 

A n o t h e r  fac to r  t ha t  m a y  c o n t r i b u t e  to  the  var iable  response  
to d ie tary  energy level is the  essential  f a t t y  acid c o n t e n t  of  
the  diet .  The  Nat iona l  Research  Counci l  (16)  suggests a min-  
i m u m  linoleic acid r e q u i r e m e n t  of  1% for chicks up  to  8 
weeks of  age. However ,  some  research s tudies  have suggested 
t h a t  the  needs  are cons iderab ly  higher,  especial ly for  the  
rapidly  growing male.  Menge (17)  suggested t h a t  the  l inoleic 
acid r e q u i r e m e n t  of  the  male  bro i le r  was 1.2% of  the  diet ,  
or 3.6% of  the  to ta l  me tabo l i zab l e  calories. His data,  how- 
ever, suggest a posi t ive  response  to even h igher  l inolea te  
levels (Table  XII) .  

Carew and  Foss (18)  r e p o r t e d  t h a t  the  l inoleic  acid re- 
q u i r e m e n t  of  the  male  bro i le r  ch ick  for  m a x i m u m  growth  
to  4 weeks of  age was 1.9% of  the  diet ,  or 5.3% of  the  die- 
tary calories (Table  XIII) .  Again,  the  da ta  suggest  t h a t  even 
h igher  levels give c o n t i n u e d  g rowth  response.  Edwards  et  al. 
(19)  suggested t h a t  the  ch ick  requ i red  a p p r o x i m a t e l y  2.5% 
linoleic acid in the  d ie t  for  m a x i m u m  growth  rate.  

TABLE XI 

Influence of Dietary Fat on Response of Broiler Chick to Hear 
Stress (Cyclic Temperatures) (15) 

D E 

Calculated analysis 
ME (kcal/kg) 3170 3170 
Protein (%) 21.8 21.8 
Fat calories (%) 14.5 27.5 

Body weigbt gain (g)l,2 
17 to 23C 1159:h(100) 1286Cco (111) 
24 to 23 C 994" (100) 1188 (120) 

% Growth depression 
from beat stress 14.2 7.6 

Feed intake (kg/cbick) 1,2 
17 to 23C 2.643 c(100)  2.778~ (105) 
24 to 23C 2.237" (100) 2.483- (111) 

1 Means having the same superscript do not differ significantly 
(~<.o5). 

2 Values in parentheses are relative to that of treatment D at 
corresponding temperatures. 
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TABLE XlI 

Effect of  Different Levels of  Linoleate on the Growth of Male 
and Female Chicks (17) 

Dietary % Calories 6-week 
linoleate as body weights 1 

% linoleate Males Females 

0.0 0.0 362 a 
359 a.  0.15 0.5 392c°~e 363a 
-7~ao 0.3 0.9 423 ~ 6 8bc d 

0.6 1.8 453 er 409 ,  
1.2 3.6 479 rg 439~; 
2.4 7.3 509 g 439 

1 
Means having the same superscript do not differ significantly 
(P<.01). 

Since increased d ie tary  energy is usually accompl i shed  
by  subs t i t u t i ng  co rn  (rich in l inoleic acid) for  o t h e r  cereal 
grains or f ib rous  b y p r o d u c t s  (usual ly low in l inoleic acid), 
or t h r o u g h  the  increased add i t i on  of  supp l emen ta l  fats  
(which  may  range f rom low-l inoleic  acid sources  such as 
ta l low to high-l inoleic  acid sources  such as the  vegetable  
oils), it b ecomes  a p p a r e n t  t h a t  a t  least  a po r t i on  of  the  re- 
sponse  to increased  d ie ta ry  energy levels may  be  the  resul t  
o f  increased levels o f  l inoleic  acid per  se. F u r t h e r  s tud ies  
are needed  to  d e t e r m i n e  the  e x t e n t  of  th is  response  in broil-  
ers to  m a r k e t  age. 
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2.9 8.1 5 8 6 ,  
4.4 11.7 591~ a 
5.8 15.2 601,t 

11.7 27.1 594" ,  
Corn oil 1.7 4.8 587ca~ 

3.4 9.2 584,  ca 

5.2 13.2 610~ 
6.9 16.9 604-  

9 .  

10. 
11. 

12. 
13. 

14. 

15. 
16. 

17. 
18. 
19. 

Waldroup, P.W., R. James Mitchell, J.R. Payne and Z.B. John- 
son, Poult. Sci. 55:130 (1976). 
DeGroote, G., in "Proc. Faculty of Agric.," No. 6, University 
of Ghent, 1968, p. 22. 
DeGroote, G., Br. Poult. Sci. 15:75 (1974). 
McDonald, M.W., and M. Evans, Poult. Sci. 56:997 (1977). 
Farrell, D.J., J.B. Hardaker, I.D. Greig and R.B. Cumming, 
Aust. J. Exp. Agric. Anim. Husb. 16:672 (1976). 
Farrell, D.J., Br. Poult. Sci. 19:105 (1978). 
Kubena, L.F., F.N. Reece, J.W. Deaton and J.D. May, in "Heat 
Prostration of Broilers As Influenced by Dietary Energy Source," 
1972. 
Kubena, L.F., F.N. Reece, J.W. Deaton and J.D. May, Poult. 
Sci. 52:1691 (1973). 
Dale, N.M., and H.L. Fuller, Ibid. 59:1434 (1980). 
National Research Council, Nutrient Requirements of Domes- 
tic Animals: 1. Nutrient Requirements of Poultry, 7th Edition 
National Academy of Sciences, Washington, DC, 1977. 
Menge, H., Poult. Sci. 49:178 (1970). 
Carew, L.B., Jr., and D.C. Foss, Ibid. 52:1676 (1973). 
Edwards, H.M., Jr., J.E. Marion and J.C. Driggers, Ibid. 41 
1050 (1962). 

Soybean Meal in Calf Milk Replacers 

G. BARR, Land O'Lakes, Inc., Agricultural Services, Ft. Dodge, IA 

A B S T R A C T  

Major research efforts by university and industry workers through- 
out the world have been directed toward improving the utilization 
of soybean protein by the calf. This paper reviews the literature and 
summarizes the questionable characteristics and methods of im- 
proving utilization of soya protein sources for young calves. Current 
application of soya protein in calf milk replacers is discussed. 

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

In teres t  in ut i l iz ing vegetable  p ro t e in  in mi lk  subs t i tu t e s  for  
calves has increased as a resul t  of  the  p o t e n t i a l  e c o n o m y  in 

calf  raising and  the  increas ing i m p o r t a n c e  o f  mi lk  p ro t e in  
for  humans .  T h e  vast ma jo r i ty  of  inves t iga t ions  have ut i l ized 
s o y b ean  p ro t e i n  due  to  its p o t e n t i a l  nu t r i t i ona l  value and  
its abundance .  

N u m e r o u s  r epor t s  have ind ica ted  reduced  p e r f o r m a n c e  
of calves when  fed milk replacers  c o n t a i n i n g  soya f lour  
(1-4). However ,  chemica l  mo d i f i c a t i o n  has resul ted  in good  
p e r f o r m a n c e  (5-7). Diar rhea  has  been  r epo r t ed ly  increased 
in calves when  soya f lour  was added to mi lk  replacers  
(1,3,8) ,  b u t  some workers  have n o t  ind ica ted  this  is a 
p r o b l e m  (2,4 ,6 ,7) .  
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