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ABSTRACT

The energetic efficiency of production in Hubbard broilers one 

to four weeks of age was determined by restricting feed intake from ad 

libitum down to 23% consumption. The energetic efficiency for the 

conversion of ME to NE was 52.9%. The average fasting heat production 

was 16.27 kcal/day with a heat increment of 47% of ME. Efficiency of 

protein gain was 64.2% with an endogenous loss per day of 0.385 g.

Multiple linear regression analyses were used to determine 

the partial energetic efficiency of fat to be 62.5% and 26.6% for 

protein. Regression analyses were also used to estimate an average 

maintenance requirement of 31.31 k'cal ME/day and 0.69 g protein/day 

for the three week period.

The diet contained 21.41% protein, 5.06% fat, 3214 k'cal ME/kg 

and 1.7 kcal NE/kg.
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CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

Many studies have been conducted to determine the energetic 

efficiencies of feed utilization by chickens» A large percentage of 

these studies have been performed with laying hens, while others have 

concerned themselves with energy studies of mature broilers. However, 

more investigation of the energetic efficiency of a growing, broiler, 

used primarily for the purpose of meat production, needs to be done.

Evaluation of energy utilization requires the determination of 

two of the unknowns in the equation: HP = ME - P, where HP = heat .

production, ME = metabolizable energy consumption, and P = production 

(kcal) as body weight gain or egg production. Direct measurements of 

heat production involve direct calorimetry or indirect calorimetry with 

measurements of oxygen and CO^ utilizations (respiratory quotient). 

Indirect methods, based on body analyses, are more easily adapted to the 

estimation of energy utilization since these can be conducted over a 

sufficiently long period of time in order to arrive at a true estimate 

of dietary effects (Davidson et al., 1964; Davidson, 1965; Davidson and 

Mathieson, 1965). The partial efficiency of the utilization of ME can 

be calculated from these data when groups of birds are given different 

amounts of the same diet (Zausch, 1969).

The influences of biological and other factors on energy 

expenditure are best studied with reference to a standard situation



such as basal metabolism. Basal metabolism, representing the minimum 

energy production compatible with life, is extremely difficult to 

measure, particularly in birds under normal conditions. Thus, starving 

heat production is usually the best indication of minimum energy 

expenditure (Balnave, 1974). Birds are homeotherms and theory indi

cates a range of temperatures for homeotherms, known as the thermo

neutral zone, over which metabolism is minimal. Results of Barott 

and Pringle (1946) obtained with birds which were introduced to a 

calorimeter from a colony house on the day of measurement suggest that 

the position and extent of this zone varies with age. In the mature 

fowl it has generally been accepted that the starving metabolic rate 

is constant over environmental temperature ranges from 8-12°C (Dukes, 

1947; King and Earner, 1961). Within this zone, bounded by the lower 

and upper critical temperatures, the bird controls heat loss by 

physical means. When the ambient temperature falls below this zone, 

the bird maintains body temperature by increasing heat production, 

mainly by chemical means. At temperatures above the zone of thermo

neutrality metabolism increases because the bird is unable to control 

heat loss except by evaporating water from the respiratory tract. 

Shannon and Brown (1969), by measurement of starving metabolic rate, 

have shown that the domestic fowl requires 12-14 days to acclimatize 

to an increase in environmental temperature from 22-28°C,

-The effects of age on fasting metabolic rate have been investi

gated by a number of workers. Freeman (1964) reported that the average 

oxygen consumption of the chick increased approximately 50% during the 

first four hours after hatching due to the increased body surface and



cooling by evaporation. The earlier work of Mitchell and Haines (1927) 

and Barott, Byerly, and Pringle (1936) showed that starving heat 

production of the chick on a metabolic body size basis remained fairly 

constant during the first few days after hatching. A recent comprehen

sive investigation concerning the influence of age on energy metabolism 

by poultry has been carried out by Burlacu and Baltac (1971), They 

studied White Leghorns from hatching to sexual maturity at a tempera

ture of 25°C. Fasting heat production for birds 3^4 weeks of age was 

found to be 107.9 kcal/kg physiological body weight. This was reduced 

to 79.6 kcal at age 19-20 weeks and increased during sexual maturity 

to 98.8 kcal. Thus, there was an increase in fasting heat production 

resulting from sexual maturity amounting to about 25% of the fasting 

heat production measured just prior to the onset of egg production.

Activity has also been shown to dramatically affect energy 

utilization in poultry. Deighton and Hutchinson (1940) reported that 

heat dissipation varies continuously except when birds are completely 

motionless. Activities involving little exercise show minimal amounts 

of heat loss while rising from a sitting to a standing position 

increases metabolism approximately 100% momentarily. Howev.er, over a 

24 hour period this amounts to only a 0.6% increase. Heat production 

in the standing position was approximately 42% above that in the sitting 

position according to the reports of DeShazer, Jordan, and Suggs (1970). 

Ota (1967) has reported that the average reduction in day to night 

total heat production for White Leghorn and Rhode Island Red laying 

hens was approximately 30% at temperatures between -4 and 32°C. These 

and other studies with poultry have led to the use of laying cages for



egg production in order to restrict activity, and has stimulated a great 

deal of research in the rearing of broilers in cages in order to make 

best use of the dietary energy for growth.

Metabolizable energy (ME) of the diet represents the portion of 

gross energy of the feed which is available for synthetic and oxidative 

processes in the body. A number of studies have been conducted to 

evaluate the utilization of ME for growth and egg production purposes 

in poultry. Carew and Hill (1964, 1967) conducted studies with broiler 

chicks from 2-4 weeks of age and reported a net availability of ME for 

production of 37-43%. DeGroote (1968) in a similar study reported 

fasting heat production values of 117 kcal/kg physiological body weight 

and a maintenance figure of 129 kcal. These figures represent a net 

availability of ME for maintenance of 91,6% and a value of 58.7% for 

production. Two additional studies (Velu, Baker, and Scott, 1971; 

Nijkamp, Van Es, and Huisman, 1973) have reported a net availability of 

ME for production of 47.8 and 57,6%, respectively, based on growth.

Each of these studies employed purified diets and in only one case was 

the energetic efficiency of ME utilization for maintenance reported 

(91.6%), which represents a value considerably higher than is found 

for laying hens.

Lean and obese Zucker rats were put on three levels of food 

intake: ad lib, 75% of ad lib consumption, and 50% of ad lib consumption 

by Deb, Martin, and Hershberger (1976), The. obese rats ate more food 

and gained more than the lean rats. The efficiency with which the 

obese rats used ME for gain was 36% compared to 15% for the lean rats. 

The efficiency with which the rats placed on a restricted intake used



ME above maintenance was 51.4%. for the obese rats and 21.4% for the lean

rats, indicating that the rats on a restricted level of intake used the

ME of the feed for gain above maintenance more efficiently than the

rats fed ad lib, in accordance with the findings of Panemangalore,

Clark, and Clark (1978). In a similar experiment, Canolty and Koong

(1976) found that mice selected for fast postweaning growth were more

efficient in their use of energy. Groups of mice (both control and

those selected for rapid postweaning growth) were fed either ad lib

diets or were restricted to a diet just above maintenance level. They

found that the maintenance requirement for both lines of mice was

176 kcal per unit metabolic body size per day and that the fast growing

mice were over twice as efficient (50%) in their use of ME than the

control mice (23%). They determined the efficiencies of the two lines

by regressing change in body energy per metabolic body size (W^‘ ) on
0.75metabolic energy intake/W " , where the slope of the line represents

the efficiency that the ME is used for carcass gain.

In another study, Reid et al. (1980) determined the energy 

requirements of growing rabbits. Feed consumption was restricted (based 

on the ad lib consumption of full-fed rabbits) to 80, 50, and 30% of 

the ad lib group. The resulting data were used in regression analyses 

to estimate energetic efficiencies. Fasting heat production was 

estimated to be 23.1 kcal/day for the rabbits from four to eight weeks 

of age. On a diet of 19% protein and 5% fat the rabbits had an 

energetic efficiency of 56.7% and a dietary net energy (NE) value of 

2.11 kcal/g. The maintenance requirement of the rabbits was 49.26 

kcal/day. Regression analyses were also used to determine the protein



requirement of -the rabbits, estimating that they require 3.58 grams of 

protein per gram of body weight gain and that the protein in the diet 

was utilized at a 66.07% efficiency. Multiple regression analyses 

were used to estimate that 5.32 kcal of digestible energy (DE) were 

deposited in the carcass for each gram of protein gained and that 9.76 

kcal of DE were deposited in the carcass for each gram of fat gain.

Vermorel and Keller (1969) fed diets based on maize, barley, or 

oats as the major energy source to rats and found that the ME effi

ciencies were 77.3%, 74.8%, and 70.8%, respectively. Studies with 

turkeys on restricted diets show that they obtain 3-4% more ME than 

chicks on a low energy diet (probably due to a faster growth rate), but 

the chicks get 2% more ME on a high energy diet (Fisher and Shannon, 

1973). Blen (1978) used a restricted feeding regime in determining the 

efficiency of production of Japanese Quail that were 0-42 days old and 

reported that the efficiency of production in terms of growth varied 

from 2.5-29.1%, using simple and multiple linear regression techniques.

In another study (Reid, Valencia, and Maiorino, 1978) the 

energetic efficiencies of maintenance and production in laying hens 

were estimated. Petersen, Sauter, and Meyer (1973) showed that mature 

hens derive more ME from a comparable feed than do growing chicks.

Reid et al. (1978) found that the energetic efficiency of ME conver

sion to NE for maintenance and production was virtually the same at 

61.9% and 62.8%, respectively. Fasting heat production was 69,28 

kcal/wj^^. The restriction of feed intake resulted in reduced egg 

weight and hen-day production.



It has been shown that the addition of fat to the diet can 

increase the efficiency with which the feed is utilized by laying hens 

(Reid et al., 1978) and by broilers (Fuller, 1980). Fuller showed that 

with 10% dietary fat the efficiency of fat utilization was 76%.

Farrell (1978) reported that the partial efficiency of ME for fat 

synthesis was about 80% and that diets containing up to 7% lipids can 

be used for lipogenesis by broilers, producing a carcass fat content of 

12-14%. The National Research Council (1978) reported that the 

energetic efficiency of fat is 63% in both obese and lean rats. Scott, 

Nesheim, and Young (1969) reported that diets in the upper energy range 

produced fatter chicks while diets in the lower energy range produced 

leaner chicks, and that during the first six weeks of life very little 

energy was converted to fat (a young broiler has only about 4% body 

fat). He also reported that in most chickens, 50% of the energy 

consumed was used for basal metabolism. In agreement with the findings 

of Scott et al. (1969), Koong (1977) reported that if a growing animal 

is fed just above maintenance (thus a low level of ME) a high per

centage of the ME is used for lean tissue synthesis and as the ME level 

of the diet increases the percentage of ME used for fat synthesis 

increases and eventually plateaus, Deaton (1973) found that broilers 

fed a diet somewhat restricted in available ME were smaller at four 

weeks but by eight weeks they were able to make up for the depression 

in growth by a more efficient compensatory rate of gain. He also 

found that in the birds that showed this increase in compensatory weight 

gain, a corresponding increase in the per cent of body fat was evident. 

But the extra fat gains did not show up in the abdominal tissue
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specifically, it was distributed throughout the rest of the body 

tissues.

The energetic efficiency of protein is also determined by 

regressing carcass protein gain on protein intake (Reid et al,j 1980). 

These authors reported an efficiency of 66.07% for the utilization of 

dietary protein. Scott et al. (1969) reported a protein efficiency of 

64% for broiler strains of chickens while laying strains had an 

efficiency of only 55%. The National Research Council 0-978) reported 

an efficiency of 43% for both lean and obese rats,

A number of papers have been published to support the fact that 

monogastric animals utilize the ME from fats, proteins, and carbo-

hydrates with differing efficiencies for maintenance and lipogenesis. 

These differences partially represent the basis for differences among 

various diets employed for poultry production. Experiments using 

chicks from 2-4 weeks of age have shown that the net availability of 

ME of fats for growth is considerably higher than with glucose (Carew 

and Hill, 1964, 1967), DeGroote (1969) and DeGroote, Reyntens, and 

Amich-Gall (1971) have shown that the conversion efficiencies.of the 

ME from glucose, corn oil, and soybean protein for growing chicks for 

maintenance and growth were 77,9% for glucose, 88,2% for c o m  oil, and 

61.1% for soybean protein. From these studies it was estimated that 

growing chicks utilize the ME from protein rich feedstuffs about 23% 

less efficiently for growth plus maintenance in comparison with 

carbohydrate rich sources.

In view of the foregoing studies it was thought desirable to 

evaluate the effects of a practical type broiler diet on the



maintenance and energetic efficiency of ME conversion to body energy 

in broiler chicks.



CHAPTER 2

ENERGETIC EFFICIENCIES OF MAINTENANCE AND 
PRODUCTION BY BROILERS

Experimental Procedures 

One hundred fifty day-old Hubbard White Mountain broiler 

chicks were fed the experimental diet (Table 1) for seven days in order 

to allow them to adjust to the diet. All the birds were then fed the 

same diet for an additional period of 21 days. There were eight 

feeding levels3 each with three replicates of six birds each (Table 2). 

As a control, six birds selected at random were sacrificed on the 

morning of the start of the experiment for carcass analysis. The 

remaining birds were placed in a battery brooder divided into 24 

separate compartments. Six birds were placed into each compartment, 

at a temperature of 90 degrees F. The birds were weighed in treatment 

groups to determine initial body weights (Table 3), On the day before 

the start of the experiment, feed consumption was measured in order to 

determine the initial ad libitum consumption rate of the birds. Based 

on this ad lib consumption, the eight treatment levels were fed lesser 

amounts of the diet, ranging from 88% to 23% of the ad lib consumption 

(Table 2). The amount of feed eaten by treatment 1 (ad lib consumption) 

was measured every day, and the feed levels of the remaining seven 

treatment levels was adjusted based on the amount of feed eaten by 

level one (Table 4).

10
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Table 1. Basal diet composition.

11

Ingredient
Per cent 
of diet

Milo 56.35

Soybean Meal 31.25

Alfalfa, Dehy. 3.00

Meat Scraps 2.50

Dicalcium phosphate 1.00

Limestone 1.00
Salt 0.40

Animal Fat 3.00

Trace mineral mix3- 0.10 '

Pr-9 vitamins^ 1.00

DL-Methionine 0.20

Cr2°3 0,20

Total 100.00

aSupplied the following in ppm: Zn (85.4), Mn (155.6), Mg
(1225.6), Na (2824.7), K (9161.7), Fe (55.8), Cu (15.9), Se (0,05).

Supplied the following per kg of diet: 7451 1U vitamin A,
614 IU vitamin Dg, 13.77 I'U d-alpha-tocopheryl acetate, 0,007 mg 
vitamin 8^2/ 1.75 mg menadione sodium bisulfite, 3,83 mg riboflavin, 
43.5 mg niacin, 16.8 mg calcium pantothenate, 1571 mg choline chloride, 
3.42 mg thiamin, 1.38 mg folic acid, 3,92 mg pyridoxine, and 0,229 mg 
biotin.

CFor additional diet information, see Appendix A, Table A.I.



Table 2. Experimental design.

12

Treatment
number Feeding level

Number 
of birds

. 1 Ad libitum 18

2 88.49% of ad lib 18

3 79.64% of ad lib 18

4 72.62% of ad lib 18

5 57.40% of ad lib 18

6 46.09% of ad lib z 18

. 7 34.84% of ad lib 18

8 23.48% of ad lib 18
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Table 3. Initial and final body weights (means of treatment levels); 
feed consumption and feed conversion.

Treatment
level

1 week body 
weight (g)

4 week body 
weight (g)

Feed/bird/ 
day (g)

Gain/bird/ 
day (g)

Feed 
Conversion 
g feed/ 
g gain

1 128.5 627.3 43.2 23.7 1.82

2 126.1 574.7 38.2 21.4 1.79

3 124.6 526.6 34.4 19.1 1.80

4 128.0 470.6 31.4 16.3 1.93

5 135.3 406.5 24.8 00(NH 1.94

6 ' 132.6 326.8 19.9 9.3 2.14

7 136.7 264.0 15.1 6.1 * 2.48

8 131.1 185.8 10.1 2.6 3.88
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Table 4. Feed consumption data.

Treat
ment
level

Feed consumed/ Feed consumed/ 
bird/21 days (g) bird/day (g)

ME consumed/ 
bird/day (kcal)

Protein/ 
bird/day (g)

1 907 43.19 138.8 9.2

' 2 803 38.22 122.8 8.2 .

3 722. 34.40 110.5 7.4

4 659 31.36 100.8 6.7

5 521 24.79 79,7 5.3

6 418 19.90 64.0 4.3

7 316 15.05 48.4 3.2

8 213 10,14 32.6 2.2
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On the day before termination of the experiment feces of ad lib 

fed birds (treatment level one) were collected and analyzed later for 

gross energy, chromic oxide (Cr^O^), .protein, and fat. The feed was 

subjected to the same analyses. The experiment was concluded by 

weighing the birds to determine the final body weights (Table 3). The 

mean body weight of each treatment level was immediately calculated in 

order to aid in the selection of representative birds to be sacrificed. 

Four birds from each treatment level were selected, on the basis of 

body weight, as being representative of the group and killed by 

cervical dislocation and ground for carcass analyses.

The carcasses were freeze-dried to facilitate handling, 

storage, and analysis. Moisture determinations were performed at the 

s(ame time as freeze-drying, and were based on the difference between 

wet weight and dry weight. Gross energies (GE) of the feed, feces, and 

carcasses were determined by the use of a Parr oxygen bomb calorimeter. 

Chromic oxide was assayed by the method of Edwards and Gillis (1959). 

Protein was determined by digesting the samples in boiling acid (a 3:1 

ratio of H^SO^:H^PO^), The digest was then assayed for nitrogen content 

using Messier's reagent as the detector of nitrogen, and protein 

content was then determined assuming nitrogen comprises 16% of protein.

Total fat was determined by extraction with a 9:1 mixture of chloroform:
!

methanol.

Regression analyses were performed to determine the experimental 

values under study. The regression analyses yielded values such as 

fat and protein efficiency, energetic efficiency, fasting heat produc

tion, maintenance requirements, net energy, and energy balance. The
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values used to perform these regressions can be found in Appendix A 

tables.

Results and Discussion

The energetic efficiency was determined by regressing kcal ME 

consumed/bird/day (independent variable) with energy balance/day (change 

in carcass kcal/day). The resulting regression equaiton was: Y =■

0.529*X - 16.27 where the slope of the line represents energetic 

efficiency (0.529) and the Y-intercept represents the average fasting 

heat production (16.27 kcal/day), The energetic efficiency of broilers 

from one to four weeks of age was 52.9% and the average fasting heat 

production for these birds was 16.27 kcal/day. The correlation coeffi

cient for the equation was 0.99.5. Using kcal ME consumed/bird/day as 

the dependent variable and energy balance as the independent variable 

the calculated regression equation was: X = 1,87*Y + 31,31, This 

equation suggests a maintenance requirement of 31.31 kcal ME/day. The 

value for energetic efficiency of 52.9% is somewhat lower than the 

value of 67.6% determined by Fraps and Carlyle (1939) for the efficiency 

of ME use in growing chickens, but is comparable to a value of 51,81% 

reported by Scott et al, (1969) on a 2900 kcal/kg and 21,7% protein 

diet.

Dietary Net Energy (NE) was determined by regressing energy 

balance/day as the dependent variable on grams of feed consumed per 

bird per day. The equation obtained showed that for every gram of feed 

consumed the broiler derived 1,7 kcal of NE. The determined ME of the 

feed was 3.214 kcal/g feed (Appendix A, Table A,1), If we compare
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the energy available to the bird for incorporation into tissue to the 

ME of the. feed, a ratio of 1.7 kcal NE/g per 3.214 kcal ME/g in the 

feed represents 52.9% use of ME by the broiler. The prediction equation 

derived from these data was: Y = 1.70*X -16.27, with a correlation

coefficient of 0.995.

Grams protein gained/bird/day regressed as the dependent 

variable on grams protein consumed/bird/day as the independent variable 

gave an equation in the form: Y = 0.6417*X - 0.385 (r = 0.991). The

slope of the line represents a protein efficiency of 64.17%. This means 

that for each gram of protein consumed, 0.64 grams are deposited in the 

tissue or conversely, it takes 1.53 grams of protein in the diet to 

deposit 1.0 gram of protein in the tissue„ The Y-intercept is the 

endogenous protein loss (g/day), a value of 0.385 g/day. Again, by 

reversing the regression variables, the following equation results:

X = 1.52&Y + 0.693. In this equation, the X-intercept is the grams 

of protein required per day for maintenance. The 64.17% protein 

efficiency value agrees closely with the value of 64% reported for 

broilers by Scott et al. (1969). By regressing kcal heat production/ 

bird/day (dependent variable) on kcal ME consumed/bird/day one can 

calculate the heat increment for the ̂ broilers from one to four weeks 

of age. The regression equation is: Y = 0.470&X - 16.27, with a

correlation coefficient of 0.993. The slope of the line represents the 

heat increment, 47.0% of the dietary ME,

Multiple linear regressions were used to determine the energy 

values of carcass fat and protein. With total carcass energy (kcal) as 

the dependent variable and grams total carcass protein and grams total
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carcass fat as independent variables, the calorific values of both 

protein and fat were calculated from the equation: Y = 4.84*X^ +

13.12*X^ +56.29 (r = 0.983). From these analyses the values of 4.84 

kcal/g'protein and 13.12 kcal/g of fat can be obtained. These values 

differ from those for laying hens published by Znaniecka (1967), who 

reported a NE for protein of 5.57 kcal/g and a value of 9.24 kcal/g 

for fat.

. In multiple linear regression analyses using kcal ME consumed/ 

bird/day as the dependent variable and grams of protein gained/bird/day 

and grams of fat gained/bird/day as the independent variables, it was 

calculated that it takes 15.40 kcal ME to promote the deposition of one 

gram of carcass protein and 14.44 kcal of ME to promote the deposition 

of one gram of fat from the equation; Y = 15.40*X^ + 14.44*X^ + 22.98 

(r = 0.994), These values are somewhat higher than the equivalent 

values for rats as determined by Pullar and Webster (1977). They found 

that in rats the costs of depositing one gram of fat or protein were 

about the same at 12.67 kcal ME/g. However, the amount of ME required 

to deposit one kcal (ME) of protein was 2.25 kcal ME, /while for fat 

the cost is only 1.36 kcal ME to deposit one kcal ME of fat. That 

means that protein was deposited with.an energetic efficiency of 44.4% 

while fat had an energetic efficiency of 73.5%. Assuming the ME values 

of body fat and protein to be 9,0 kcal ME/g and 4.1 kcal ME/g 

respectively (Scott et al., 1969), the cost of depositing one kcal of 

fat in the present study was (14,44/9.0) 1,60 kcal, and the cost of 

depositing one kcal in the form of protein was (15.40/4,1) 3.76 kcal. 

This means that the growing chick had an energetic efficiency for fat
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deposition of 62.5% in comparison with 26,6% for protein. The higher 

efficiency of fat deposition is due to the many more anabolic processes 

involved in the synthesis, transport, and deposition of protein than 

there are in the synthesis, transport, and deposition of fat. Proteins 

must first be broken down to amino acids before absorption, transported 

throughout the body, and resynthesized into proteins. Fats must first 

be broken down into fatty acids, absorbed, and resynthesized into 

triglycerides to be stored. The processes of absorption and resynthesis 

are more efficient for fats than for proteins, thus accounting for 

the higher efficiency because in chickens, fatty acids are incorporated 

into chylomicrons and absorbed directly into the portal blood, go to 

the liver, and then to the major circulatory pathways, a much more 

efficient absorption and transport process than for proteins. Fatty 

acids are not excreted in urine, so their ME values are directly 

related to their absorbability (Scott et al,, 1969), Not only is the 

cost of depositing one kcal of fat 2,25 times more efficient than the 

cost of depositing protein, the energy derived from one gram of fat is 

2.25 times greater than the energy derived from one gram of tissue 

protein (9.0:4,1),

Regression equations were also used to predict certain factors 

involved in feed consumption and efficiency. Predictions can be made 

as to the amount of feed required to allow a bird to reach a specified 

body weight by a given time, provided all other nutritional requirements 

are met and the energetic content of the diet is known. The per cent of 

fat in the carcass of broilers at a given body weight can be predicted 

by using regression techniques-; Such regression analyses could be a
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valuable aid to poultry producers when they are formulating diets and 

need to know the amounts of feed to be consumed per bird for the period 

of time for which they are to be fed.

If the ME (kcal) content of the diet is known9 then over the 

three week period of this experiment the body weight gains per day can 

be predicted by regressing body weight gain (grams) per bird per day 

(dependent variable) on kcal ME consumed per day. The regression 

equation resulting from such analyses is: Y = 0.201*X - 3.57. The

regression equation overestimated the gains of the broilers by about 

three grams per bird per day. By reversing the variables in the 

previous regression equation the equation that results is: X = 4.93*Y

+ 18.60. From this equation, one can predict the kcal ME needed to 

promote the growth of a bird to a specified body weight C m  terms of 

gain per day).

Another parameter that is of interest to broiler producers is 

the per cent fat in the carcass. Producers do not want to produce 

a bird that is too fat, which can happen if they feed them past the 

period that they are normally sent to market, or if the diet is too 

high in ME in relation to dietary protein. A prediction of total 

carcass fat at a given body weight would be useful in formulating diets. 

Such a prediction was obtained by regressing total carcass fat (grams) 

as the dependent variable on final body weights (grams) at an age of 

four weeks. The regression equation is: Y = 0.098*X - 9.24 (r = 0.911).

For an example of the use of this regression, refer to Table 5.

When this experiment was started it was thought that the , 

restricted feed intake of the birds would range from 80% to 20% of the
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Table 5. Predicted carcass fat 
compared to the actual

values using 
carcass fat

a regression formula 
values.

Treatment
level

Final body 
weight (g)

Total carcass Predicted carcass3 
fat (g) fat values (g)

1 . 627.3 55.0 52.3

2 574.7 53.2 47.1

3 526.6 39.9 42.4

4 470.6 " 31.0 36.9

5 406.5 29.8 30.6

6 326.8 20.0 22.8

7 264.0 18.0 16.7

8 185.8 10.8 9.0

^Predicted carcass fat values (g) on the basis of body weight9 
from the regression equation: Y = O.Q98*X - 9.24.
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ad lib intake. The actual per cent intake of the lowest group is shown 

in Table 2 to be 23.48% (32.60 kcal ME/day) of the ad lib group. This 

level of intake is 1.31 kcal ME/day above the calculated maintenance 

requirement of these birds. They were expected to draw on their body 

stores of energy to live, thus losing weight. From Table 6 it can be 

seen that none of the birds lost weight; even the lowest intake birds 

gained 2.6 grams body weight per day compared to a daily weight gain of 

23.8 grams for the ad lib group. By examining Table 6 it can be seen 

that the reason the birds did not lose weight was because they were 

using fat stores for the energy needed to carry on tissue synthesis 

for growth. All of. the birds had a net gain in tissue protein but 

treatment levels seven and eight (34.84% and 23.48% of ad lib feed 

consumption) had a net loss in fat. This shows that the birds that 

lost tissue fat did so in order to furnish their bodies with enough 

energy to synthesize protein. The main function of fat is energy, 

storage, and with no net input of energy the body mobilized the stored 

fat to provide the energy.

The gross efficiency (GEE) with which the energy in the feed 

was used can be seen in Table 7. A comparison between the eight treat

ment levels shows that the GEE was used most efficiently by the ad lib 

group and steadily decreased as the per cent of diet restriction became 

greater. The maximum GEE was observed in the ad lib treatment level, 

with a GEE of 32.97%. This percentage decreased to 4.19% in birds 

restricted to 23.48% of full-feed. When other values shown in Table 7 

are examined, the reason for the decreasing percentage of GEE is 

evident. Comparing the kcal of GEE deposited in the carcass for every



Table 6. Daily body weight, fat, and protein gains.
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Treatment Body weight Fat gain/ Protein gain/
level gain/day (g) day (g) day (g)

1 23.8 2.29 5.39

2 21.4 1.76 5.02

3 19.1 1.15 4.57

4 16.3 1.12 . 3.71

5 12.8 0.63 3.01

6 9.3 0.44 2.37

7 6.1 -0.04 1.77

8 2.6 -0.28 0.89
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Table 7. Protein, fat, and gross feed efficiencies.

Treatment
level

Gross feed 
efficiency3

Efficiency 
of carcass 

gainb
Efficiency 

of fat gain0
Efficiency of 
protein gain^

1 0.330 2.5 0.096 0.227

2 . 0.303 2.2 0.082 0.234

3 0.287 2.1 0.060 0.241

4 0.292 2.3 0.069 0.227

5 0.241 1.9 0.049 0.234

6 0.220 1.9 0.047 0.258

7 0.137 1.5 -0.007 0,295

8 0.042 0.7 -0.108 0.346

aValues expressed are in terms of total change in carcass gross 
energy/kcal gross energy consumed.

^Values expressed are in terms of kcal carcass change (GE)/day 
for each gram of body weight gain/day.

CValues expressed are in terms of grams of fat gained/day for 
each gram of body weight gain/day.

^Values expressed are in terms of grams of protein gained/day 
for each gram of body weight gain/day.
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gram of body weight gained, the values again decrease as the amount of 

diet restriction increases. The per cent of body weight gain deposited 

in the form of energy decreases in proportion to the deposition of other 

body tissues. This conclusion can be supported by examining the changes 

in fat and protein gains per gram of body weight gained. The propor

tion of body weight gain in the form of fat decreased as the per cent 

dietary restriction increased, and the proportion of body weight gains 

in the form of protein increased with the corresponding increasing per 

cent of diet restriction. The decreasing GEF is accompanied by a 

decreasing proportion of fat gains. Since fat is deposited more 

efficiently than protein and as the proportion of fat in the tissues 

decreases, the GEF becomes less. These values demonstrate that protein 

has a priority over fat for deposition in tissues. That is why the kcal 

of GEF deposited per change in body weight is at "a maximum when the 

diet is not restricted. After the protein usage by the body has been 

met, fat deposition occurs. With low or insufficient supplies of energy 

by the diet the body draws on the tissue stores of fat for energy.

Summary

One hundred forty-four Hubbard White Mountain broilers were 

fed an experimental diet for a period of twenty-one days which was 

sufficient in all nutritional requirements :to allow maximum growth and 

feed efficiency. There were eight treatment levels, each with three 

replicates fo six: birds each. Treatment level one was allowed to 

consume feed on an ad libitum basis, and the remaining seven treatment 

levels were fed restricted amounts of feed based on the feed consumption
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of the ad lib group, ranging from 88% to .23%. Energy? fat, and protein 

content of the diet, feces, and carcasses were determined in order to 

furnish experimental values used regression analyses.

Energy

The energetic efficiency for the conversion of ME to NE of the 

broilers over the three week period was 52.9%. The average fasting heat 

production was 16.27 kcal/day. The maintenance requirement was 

determined by regression, calculating the' ME (kcal)/day needed to 

maintain the bird at a level of no net weight gain or loss. The average 

maintenance requirement for the broilers from one to four weeks was 

31.31 kcal ME/day. The diet had an ME content of 3214 kcal/kg and a net 

energy content of 1703 kcal/kg.

Protein

The protein efficiency was 64.2% with an endogenous protein loss 

of 0.385 grams/day. The maintenance requirement per day was 0.693 

grams protein for the three week period. For the last two treatment 

levels, some of the energy needed to drive the synthesis of protein 

was derived from the breakdown of body fat and not directly from the 

diet. In order to deposit one gram of protein in the tissue, 15.40 

kcal of ME (or 4.79 grams of feed) were required.

Fat

The efficiency of deposition of fat was found to be 62.5%. In 

order to deposit one gram of fat in the carcass, 14.44 kcal of ME (or 

4.49 grams of feed) were required. Fat was deposited 1,07 times as



27

efficiently as protein in terms of grams of tissue, but 2,35 times more 

efficiently in terms of energy* In the last two treatment levels the 

fat stores of the birds were drawn upon for energy needed for tissue 

synthesis.

/)
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Table A.I. Additional dietary nutrient information9 fatty acid 

composition5 and amino acid composition.

Nutrient composition
Per cent of 

diet
Amino acid 
composition

Per cent 
of diet

Protein 21.41 Arginine 1.50

Fat 5.06 Lysine 1.23

Fiber 3.36 Methionine 0.51

Poultry ME 3214 kcal/kg Methionine 4- Cystine 0.84

Calcium 1.06 Tryptophan 0.29

Phosphorus 0.67 Glycine 1.11

Available phosphorus 0.36 Phenylalanine 0.99

Xanthophylls 5.15 mg/kg Tyrosine 0.88

Valine 1.24
Fatty acids

Leucine 2.13
Palmitic acid 9.85

Isoleucine 1.18
Stearic acid 0.72

Threonine 0.82
Oleic acid 1.92

Histidine 0.61
Linoleic acid 0.77

Linolenic acid 0.04
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Table A.2. Nutrient utilization by broiler chicks 1 to 4 weeks of age.

Criteria Value

Daily body weight gain (full-fed) 23.7 g

Daily average maintenance 31.3 kcal

Fasting heat production 16.3 kcal

Daily ME consumption (full-fed) 138.8 kcal

Daily protein consumption (full--fed) 9.2 g

Energetic efficiency 52.9%

Dietary NE 1.7 kcal/g

Daily heat increment (full-fed) 65.2 kcal

ME/g fat gain 14.44 kcal

Partial energetic efficiency of fat gain 62.5%

ME/g protein gain 15.4 kcal

Partial energetic efficiency of protein gain 26.6%

Endogenous protein loss 0.39 g/day

Maintenance protein 9.69 g/day

Protein efficiency 64.2%

\



Table A.3. Linear regression analyses.

Variables

Correlation
coefficient Slope Intercept

Independent
(X)

Dependent
(X)

ME/bird/day, kcal Energy balance, kcal/day 0.995 0.529 -16.27

Energy balance, kcal/day ME/bird/day, kcal 0.995 1.87 31.31

Feed/bird/day, g Energy balance, kcal/day 0.995 1.70 -16.27

Protein/bird/day, g Protein balance, g/day 0.991 0.642 -0.385

Protein balance, g/day Protein/bird/day, g 0.991 1.52 0.693

ME/bird/day, kcal' Heat production, kcal/day 0.993 0.470 -16.27

ME/bird/day, kcal Body- weight gain/day, g 0.994 0.201 -0.357

Body weight gain/day, g ME/bird/day, kcal 0.989 4,93 18.6

Final body weight, g Total body fat, g 0.911 0.098 -9.24
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Table A.4. Fat, protein, and moisture content of diet and carcasses.

% Fat % Protein % Moisture

Diet 5.06 21.4 10.67

Controls 8.42 17.8 ■ 64.9

Treatment

1 9.4 21.7 60.6

2 8.3 22.2 61.8

3 6.6 22.4 63.5

4 7.3 21.4 62.1

5 6.04 21.5 64.5

6 6.2 22.5 64.3

7 4.1 23.3 65.9

8 2.8 22.6 66.5
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