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INTRODUCTION 

In the past twenty-five years, the production of broilers has 

moved from the small farmer with a few dual purpose birds to the 

integrated producer of thousands of cross-bred, meat-type birds. As 

the numbers and tjrpes of birds have changed, the nutritionist has been 

faced with the task of developing diets that will produce a bird possess 

ing better market characteristics on less feed and in a shorter period 

of time. 

In the quest for diets that would give superior results, the 

nutritionist has examined new feedstiiffs and recombinations of old 

ones. To be considered for inclusion in a broiler diet, it is desirable 

that a feedstuff should be available in quantity the year around at a 

competitive price, perform its function efficiently, and contribute to 

the production of a desirable carcass. Synthetically produced amino 

acids and vitamins and industrial by-products such as stabilized animal 

fat and feather meal, are examples of materials that have been intro 

duced into the practical broiler diet. 

Before these new materials were placed in broiler diets, studies 

were conducted to determine the amoxmts and combinations of these 

materials that would give the best results. In an effort to establish 

the value of certain feedstuffs, many were included in semi-purified 

diets. Much of the published data disagree in regard to results that 

mi^t be expected from these same feedstuffs when incorporated in 

"practical" diets. Some of the discrepancies between the calculated 

and actual response of chicks to a feedstuff may be attributed to 



factors such as time of year, type of chick used, design of the study, or 

combinations of other feedstuffs included in the diet-

After considering the lack of agreement of reported work, a series 

of stxidies using varying amounts of stabilized yellow grease, soybean oil 

meal, and synthetic amino acids was initiated. These studies were designed 

to develop a high protein-hi^ energy broiler diet using soybean oil meal 

as the principal source of protein and stabilized yellow grease and gro^lnd 

yellow com as the principal sources of energy. 
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BEVTEW OF LITEEATDBE 

52®ISZ 

The prohlem of finding the optimum level of energy and crude 

protein in "broiler diets has been considered fjrom different viewpoints 

in the past several jrears. Most of the work has involved concentrated 

diets. In concentrating the diets, many high fiber feedstuffs such as 

oats were eliminated and animal fats and other hi^ energy feeds 

included. Hainan, according to Bobertson^ (I9't8), reported in 

1930 that fowls digested less than 10 percent of the fiber in a diet 

and that fiber caused lower digestability of the nitrogen-free extract. 

The digestion of fats and proteins were not affected by fiber. Hainan 

concluded that fiber could be ignored for its nutritive value and used 

only when bulk was needed in the diet. 

Hainan's work was in agreement with that of Fraps (1928) who, 

after completing 63 digestion experiments with poultry, reported that 

poultry had little power to digest fiber and that feeds containing a 

high percentage of fiber were poorly digested by poultry. Mangold 

(193^) fomad that 30 to kO percent of the fiber in grain was digested 

by poultry. 

Productive energy values of feedstuffs (Fraps, 19k6) gave the 

nutritionist a new tool to aid in the formulation of diets. In his 

report, Fraps defined the term productive energy as "the net energy 

measured by the energy stored up as fat and protein in growing or 

fattening animals." Productive energy differs from metabolizable energy 

in that metabolizable energy is the gross energy minus the energy 



excreted in feces, urine and combustible gases. 

In 19^7^ Scott, Matterson, and Singsen reported that when oats 

and wheat were substituted for corn in a basal ration poorer growth 

resulted. The basal diet used contained 68 percent grain and was the 

first successful low fiber, high energy diet. The ingredients other 

than com used in this "Connecticut ration", as it was called, were: 

8 percent fish meal, 8 percent soybean oil meal, 8 percent meat and 

bone meal, 3 percent liver meal, 2 percent riboflavin supplement, 

1 percent alfalfa leaf meal, 1.5 percent bone meal, O.5 percent salt, 

0.3 percent Vitamin A and D feeding oil, O.025 percent manganese 

Bulfate, 108 grams nicotinic acid and 31'78 grams of choline-chloride 

per 100 pounds ration. 

Biely and March (195^) reported that when 5 percent tallow was 

added to a diet containing 19 percent protein, chick growth was de 

pressed, but, if the protein was increased to either 2k or 28 percent 

chick growth was accelerated and feed efficiency improved. When a 

diet containing 7 percent added tallow and 23 percent protein was 

compared to a control diet without added fat but with the same protein 

content, no difference in body weight of chicks resulted, but feed 

efficiency was greatly improved. 

Mraz, Boucher, and McCartney (195^) used three levels of pro 

ductive energy, 900^ 67O, and k'^0 Calories per poiind, and fiber levels 

of 5, 10, and 20 percent. The diets were iso-nitrogenous, containing 

approximately 21 percent protein. The birds receiving the high energy, 

low fiber diets were larger at four and eight weeks of age than were 
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those fed any of the other diets in the study. With the exception of the 

chicks fed the diets containing k50 Calories per pound of feed, the feed 

efficiency was better for the lots fed the low fiber diets. 

Donaldson et £l. (1957) reported an increase in chick growth at 

four weeks of age when 10 percent fat was added to a basal diet. The 

addition of 10 percent fat did not improve feed efficiency or protein 

utilization of the chicks. The control ration contained k percent fat 

and 22 percent protein with a Calorie-protein ratio of k3;l. These 

researchers reported better feed efficiency of chicks when they added 

15.0, 22.5, and 30'0 percent fat to a control diet. The higher levels 

of added fat resulted in the better feed efficiency, but no increase in 

chick growth was obtained by feeding a diet which contained more than 

15 percent added fat. The protein level of these diets was altered so 

that a constant k3;l Calorie-protein ratio was maintained. 

Band, Scott, and Kummerow (I956); on the assumption that protein 

level affected the utilization of added fat, fed diets containing 20 

and 30 percent protein and 1 and 8 percent added fat. In this study 

the diet containing 8 percent added fat gave better chick growth and 

feed efficiency at both protein levels. When the fat wae increased 

to Ik.^ percent, the birds fed the 20 percent protein diet failed to 

increase in growth rate. The average body welj^t per chick and feed 

efficiency was improved when Ik.5 percent fat was added to the 30 percent 

protein diet. This work is in agreement with that of Biely emd March 

(195k) previously mentioned in this review but goes further by stating 

that added fat is beneficial at the higher protein levels. This also 

confirms the work of Aitken, Lindblad, and Eunsaker (195^); wiio received 
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only a sli^t improvement in feed efficiency when they added 10 percent 

beef tallow to a 22 percent protein chick diet; but, when the same amount 

of tallow was added to a 25 percent protein diet, a hi^ly significant 

increase in chick growth and feed efficiency was obtained. The birds fed 

the 25 percent protein diet plus the tallow had a superior finish and 

were more desirable because of higher moistvire content of the cooked flesh. 

Calorie-Protein Ratio 

The term Calorie-protein ratio, or the C/P ratio as it is generally 

called, was proposed in 1955 as a means of specifying the relationship of 

energy and protein in diets (Combs, 1959)• It is derived by dividing the 

Calories of productive energy per pound of diet by the percent protein 

present in the diet (Combs, 195^)• This is not to be confused with the 

metabolizable energy-protein ratio (ME/P) described by Hill and Penner 

(1957). 

Donaldson, Combs, and Eomoser (195^) fed rations with the protein 

content ranging from I5 to 27 percent and with the C/P ratios ranging 

from 35'Til to 70*5j1' As the C/P ratio of the diet became wider, the 

energy intake and fat deposition of the birds increased, and the water 

and protein content of the carcass decreased. They found that the 

productive energy level tended to influence the protein level required 

when measured by average body weights, carcass composition, and by feed 

utilization of chicks from one day to foiir weeks of age. On high, 

medium and low fat diets with C/P ratios of 53*7; kQ.6, and h'i.9, 

respectively, growth and feed efficiency of chicks were unimpaired. 

Chickens fed diets that contained added fat tolerated a wider C/P ratio 
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at any protein level than did chicks fed diets that derived energy from 

other sources. Furthennore, less protein was required per gram of gain. 

In a similar study, Leong^ (1955) fed chicks diets con 

taining 15 to percent protein and 700, 950, 1210, and 114-50 calories 

per pound. They reported that diets with C/P ratios of 32, 35^ and 38 

containing 22, 27, and 32 percent protein, respectively, gave the best 

chick growth and feed efficiency through the first five weeks of the 

chicks* life. However, at nine weeks of age, best results were obtained 

from chicks fed diets with C/P ratios of 35^ ^5^ and 14-2 and protein 

levels of 27, 27, and 32 percent, respectively. Poor feathering was 

reported in birds fed low protein, hi^ energy diets. Potter et al. 

(1956) found that both chick growth and feed efficiency were more 

closely related to the productive energy level than the C/P ratio. 

Using diets that contained 20 or 30 percent protein with C/P ratios 

of 32 to 56, they obtained increased chick growth with a constant C/P 

ratio and increased protein and energy. These researchers also found 

that keeping the protein constant and increasing the energy level gave 

increased chick growth and improved feed efficiency. The increase in 

chick growth was constant until the energy reached II50 Calories pro 

ductive energy per pound of diet. Matterson and Potter (1958) reported 

similiar results. In addition, they used iso-caloric diets in which 

the protein was varied. When the protein was increased, resulting in 

a lower C/P ratio, chick growth was increased. 

The work of Mraz, Boucher, and McCartney (1958) is in agreement 

with that of Matterson and Potter (1958). Mraz et al. (I958) fed chicks 
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diets containing one of three energy levels, 900^ and k'^0 Calories 

productive energy per pound of feed, with protein levels at each energy 

level varying from 10 to 20 percent. A 30 percent protein diet was also 

used at the 900 Calorie level. They reported that the energy level had 

less influence on chick response than did the protein during the first 

four weeks. During this period, diets with a C/P ratio of 3^51 or less 

were superior to those with wider C/P ratios when measxired by chick 

growth. However, at ten weeks, birds receiving diets with C/P ratios 

of k5:l or less had heavier body wei^ts. The C/P ratio of 32:1 for a 

broiler starter diet and k5:l for a broiler finisher diet are lower 

than those suggested by Combs (195^)• He reported that broiler starter 

diets with C/P ratios of kl;l and 14-3:1 for STanmer and winter, respectively, 

and broiler finisher diets with a c/P ratio of 14-9.5:1 for both seasons 

were most economical. 

Leong^ (1959) conducted a series of studies on interrela 

tionships of energy, protein, and amino acids in broiler diets. They 

reported that as the energy level was raised, higher levels of protein 

were required for maximum chick growth. The C/P ratio became wider at 

the hi^er energy and protein level. Birds fed the high energy diet 

(II4-5O Calories per pound) were characterized by poor feathering and 

feather picking. Further studies showed that as the productive energy 

level increased, the requirement of methionine and cystine increased, 

but at a slower rate than did the energy requirement. 

Protein and Energy Level 

Using 20 and 20 percent protein diets as controls, Sunde (195^) 
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studied the relationship of energy level to protein level by adding 5 or 

10 percent animal fat to broiler diets. The addition of 10 percent fat 

to the 20 percent protein diet failed to improve the average body wei^t 

or feed efficiency of the chicks, but chicks fed the 28 percent protein 

diet with 5 or 10 percent added fat had heavier average body weights and 

improved feed efficiency. Chicks fed the 20 percent protein low energy 

diet did not perform as well as chicks fed the low energy 20 percent 

protein diet, however, Sunde stated that this indicated that the optimum 

Calorie-protein ratio would change as the protein level changes. These 

results confirm those of Scott, Sims, and Slakeli (1955) who found that 

7 or 1^4- percent fat added to a 20 percent protein diet resulted in poor 

feathering and retarded growth of chicks. Best results from chicks 

were obtained by adding 7 percent fat to a diet containing 30 percent 

protein. However, some improvement in growth and feed efficiency of 

chicks resulted when 7 percent fat was added to a diet containing 25 

percent protein. The addition of 1^ percent added fat to a diet 

resulted in a slight retardation of chick growth. Both Scott et al. 

(1955) and Sxmde (195^) reported improved feed efficiency of chicks 

at all protein levels when fat was added to the diet except in the case 

already noted. 

Protein level and Amino Acids 

Most researchers studying energy levels in broiler diets either 

associate the energy level with the crude protein level or with the 

level of one or more amino acids. 

Maddy (1958), in a partial review of literature concerning amino 
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acids, stated that all essential amino acids must be present in a specific 

amount for a particular tissue synthesis. If one of the essential acids 

is deficient, it will limit the utilization of the other amino acids. 

The amino acid requirement of an animal may be affected by the level of 

total protein and energy of the diet, the animal's plane of nutrition, 

the ratio of the amino acids to each other, and the age and strain of 

the animal. 

Combs (1956) reported that the methionine requirement was affected 

by both the energy and protein level in the diet. In studying broiler 

starter diets, he reported that as the Calorie-protein ratio became 

wider the methionine requirement was greater when expressed as percent 

of total protein, and the methionine requirement per therm of energy 

was reduced. This work is in agreement with that of Baldini and 

Rosenberg (1955) who found the methionine requirement of the chick 

expressed as percent protein not to be a constant figure but to vary 

as a linear function of the productive energy content of the diet. 

Using the data presented by Baldini and Rosenberg (1955) a diet con 

taining 800 Calories productive energy per poimd would require O.362 

percent methionine, while a diet containing 1000 Calories productive 

energy would require O.509 percent methionine. This relationship was 

true only if the diet was complete in all nutrients and the productive 

energy level of the diet was within a range of BOO-IOOO Calories per 

pound. 

Rosenberg et (1955)^ reporting on a series of seven studies 

at three laboratories, found that the addition of O.025 or O.O5 percent 
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methlonlne to a basal diet gave an increase in the average chick body 

vei^t and improved feed efficiency. When 3 or 6 percent fat was added 

to the diet, similiar results were obtained. When both fat and methionine 

were added to the basal diet, the average body weight of the chicks and 

the feed efficiency further improved. These results were confirmed when 

a different basal diet was treated in the seune manner. 

Combs (1958) added methionine and glycine to practical broiler 

diets in which the Calorie-protein ratios were 1(5:1 and The 

addition of O.G25 percent glycine alone failed to improve either diet 

idien measured by average body weight and feed efficiency. The addition 

of methionine alone gave seme improvement in chick growth, but not as 

much as when both amino acids were added. With the addition of glycine 

and methionine, the performance of chicks fed the Calorie-protein 

ratio diets was equivalent to the perfoimance of chicks fed the 1(5;1 

Calorie-protein ratio diets. 

Snetsinger and Scott (195T^ 1958), using soybean oil meal as 

the only protein concentrate, found chick growth improved as the protein 

level was raised from I5 to 30 percent but declined at protein levels 

over 30 percent. When methionine was added to the diets, an increased 

chick growth was obtained with diets containing protein levels of 20 

percent or less, but added methionine had no effect on chicks fed diets 

containing 30 percent protein. Glycine failed to improve the diets 

containing 20 percent protein, and glutamic acid plus methionine was 

no better than methionine used alone. 

DL-methionine was found to be of little value in a com-soybean 

oil meal type diet when added to a diet that contained 21 percent protein. 
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However, when DL-methionine and DL-Iysine were added to a diet that con 

tained 16 percent protein or a combination of soybean and cottonseed oil 

meal, chick growth was increased (Stephenson, 195^)* 

Maddy et (1958) obtained better growth and feed efficiency 

with broilers when they increased the energy level of the diet for the 

last 22 days of an eight week study rather than feeding a hi^ energy 

diet throughout the study. Eeduction of the protein level as the energy 

level increased gave poorer results than were obtained when the protein 

remained constant. Supplementary methionine and glycine were needed 

for maximum results at the higher energy level. Combs^ (1959) 

reported improved chick growth when methionine was added to a corn-

soybean oil meal t3^e diet but received no benefit from glycine when 

it was added alone or in combination with methionine. This is sli^tly 

different from earlier work (Combs, 1958) where a slight increase in 

average body weight of chicks was obtained from additional glycine and 

methionine as compared to the addition of methionine alone. 

Douglas et (1958) reported an increase in the average body 

wei^ts of chicks fed a 21 percent protein-50;l C/P ratio basal diet 

supplemented with glycine and methionine, compared to those of chicks 

fed either the basal diet or diets that contained either 2k or 25 percent 

protein. The energy level of all diets was equal. 

Fish Meal and Whey in Broiler Diets 

Combs and Nicholson (1958) and Combs et (1959) in a series of 

studies found that the addition of 2 percent fish meal to a broiler diet 

gave a sli^t increase in average body weight but feed efficiency was 
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unaffected. In the same series of studies, no difference In chick response 

was observed when a dried whey product was added at the 2 percent level. 

Day (i960) added U and 8 percent fat to a corn-soybean oil meal 

diet and noted an Increase In chick growth at each level. Two and 

one-half percent fish meal gave an additional Increase In chick growth 

when either U or 8 percent fat was added to the basal diet, but feed 

efficiency was Impared In each case. Day attributed the poor feed 

efficiency to the heavy body weight of the birds on the diets that 

contained fish meal. 

h > 
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PEOCEDUEE 

Vantress X Nichols 108 or Vantress X Arbor Acre chicks were used 

in all experiments. There were obtained from two local hatcheries. At 

one day of age, the chicks were sexed, vaccinated with a combination 

infectious bronchitis-Newcastle disease vaccine utilizing the intraocular 

method, wing banded, debeaked if they were to be used in a floor study, 

and housed. The all-mash diets and water were supplied ad libitum. 

Any bird that died during the first week of the study was replaced 

with one that had been fed the control diet. A daily log of mortality, 

room and chick conditions, and other observations was kept at the site 

of the study. 

Fifty male and 50 female chicks were used in each replication of 

the floor trials with the exceptions of Experiment X, in which k9 chicks 

of each sex were used, and in Experiments II and IV, in which l)-8 females 

were used instead of 50. The chicks were randomly assorted into each 

of 12 pens in the first three floor experiments and into each of l8 pens 

in the fourth and fifth floor experiments. Wood shavings were used as 

litter and infra-red bulbs were used as a source of heat. 

At the beginning of each experiment, the body weight of 50 male 

and 50 female day-old chicks was obtained and used as the average starting 

iWei^t for all chicks in each of the replications. Group weights according 

to sex were taken weekly except when the rations were changed and at the 

conclusion of the study, at which times individual body weights were 

taken. Feed consumption was obtained weekly. The first three floor 

studies were terminated when the chicks were nine weeks of age, while 
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the others were concluded when the chicks were ei^t weeks of age. Data 

collected were analyzed by analysis of variance according to Snedecor 

(1956) with significant treatment differences determined by Duncan's 

multiple range test (1955)- The randomized block design was used in 

all floor studies. 

In the battery experiments, five male and five female chicks were 

assigned at random to each pen. In three of the experiments, a 5 x ̂  

incomplete Latin square design was used, and a 6 x 5 incomplete Latin 

square design was used in the other two battery studies. Prior to 

placing the chicks in the brooders, heating elements were adjusted to 

the same level, and the thermostats were adjusted to operate within a 

range of 95-100'^• The room temperatxu*e was maintained at approximately 

75-85'^• The brooder temperature was lowered five degrees per week until 

room temperature was attained. 

Individual body wei^ts of all chicks were obtained when the 

chicks were placed in their respective pens and at weekly intervals 

for the duration of the study. Feed consumption was determined at the 

end of each experiment. All battery studies were terminated when the 

chicks were four weeks of age. The data were analyzed according to an 

analysis of variance procedure suggested by Cochran and Cox (1957) for 

this type of design in which inter-block differences are not recovered. 

Significant treatment differences were determined by the use of Duncan's 

multiple range test (1955)* 

Experiment I 

This experiment was initiated to compare broiler-starter diets 
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containing 21 and 25 percent protein and broiler-finisher diets containing 

20 and 23 percent protein. 

The starter diets, ES^l and ES 2, shown in Table 1, differed from 
2 

each other in protein and energy content. In addition, the 25 percent 

protein diet contained feather meal, a whey product, stabilized yellow 

grease, and added methionine. The 25 percent protein diet was calculated 

to contain one and one-fourth times the minimum viteimin and amino acid 

requirements for chicks recommended by the National Eesearch Council 

(195^)• Calculation of the protein content and productive energy level 

of feed ingredients was based upon data presented by Hubbell (1958)* 

The finisher diets EF^ 1 and EP 2 (Table l) were produced by adding 

six pounds of stabilized yellow grease to 9^ pounds of the corresponding 

starter. This lowered the protein content sli^tly, but increased the 

Calories per pound of finished feed. The treatments of this experiment 

were: (l) ES 1, (2) EF 1, (3) ES 2, (k) EF 2, (5) ES 1-EF 1, and (6) 

ES 2-EF 2. In treatments five and six, the starter diet was fed until 

the chicks were six weeks of age, and the finisher diet was fed from 

then until the chicks were nine weeks of age. The diets of the chicks 

receiving the other treatments were not changed during the nine weeks 

of the study. There were two replications of each tireatment. 

Experimental Starter. 

Energy refers to productive energy xmless otherwise stated. 

Experimental Finisher 
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TABLE I 

COMPOSITION AND CALCULATED ANALYSIS OF DIETS. 

EXPERIMENTS I AND II 

Ingredients ES 1 ES 2 EE 1 EE 2 EE 3 

lbs. lbs. lbs. lbs. lbs. 

Corn gluten meal 6.00 6.00 
Yellow com meal 63.70 k7.6o 66.00 
Eish meal (60^^ 

protein) 2.50 5.00 2.50 
Alfalfa meal(Ui 

protein) 2.50 2.50 2.50 
Soybean oil meal 
(50^ protein) 25.50 22.50 11.50 

Eeather meal 

(bydrplyzed) 2.00 2.00 

Elaydry^ 2.00 2.00 

DL-Methionine 0.10 0.10 

Mineral mix^ 2.70 2.70 2,70 
Vitamin mix a| 0.60 
Vitamin mix B^ 0.60 0.60 
Stabilized jrellow 

grease 6.50 6.00 6.00 1.60 

Coccidiostat mix^ 2.50 2.50 2.50 
Diet ES 1 91^.00 
Diet ES 2 914-.00 

Total 100.00 100.00 100.00 100.00 100.00 

Calculated Analysis 

Crude protein 
(percent) 21.67 25*^9 20.31 23.17 20.09 

Productive energy 
(Calories/lb.) 938.00 1020.00 IO5O.OO II25.OO 1001.00 

C/P Ratio U3:l kl:l ^1:1 1^8:1 50:1 

■H/hey product manufactured by Borden Co., New York, New York. 
2 

See Table II. 

^See Table III. 
14. 
See Table 17. 
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TABLE II 

CALCULATED ANALYSIS OF MINERAL MIX 

Minerals 

Calcium (lb.) 

Inorganic phosphrous (lb.) 

Manganese (mg.) 

Sodium chloride (lb.) 

Amount per 
pound of mix 

0.291 

0.063 

727 

0.178 

:,̂ . 
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TABLE III 

CALCULATED ANALYSIS OF VITAMIN MIXES 

Nutrients 

Vitamin A (lU) 

Vitamin D3 (ICU) 

Biboflavin (mg.) 

Vitamin B12 (®cg.) 

Arsanilic Acid (mg.) 

Aureomycin (mg.) 

Procaine Penicillin (mg.) 

Choline (mg.) 

Niacin (mg.) 

Pantothenic Acid (mg.) 

Mix A 

per lb. 

315,278 

56,666 

151 

830 

6,310 

550 

30,700 

890 

530 

Mix B 

per lb. 

315,278 

56,666 

358 

830 

6,310 

550 

30,700 

3,Oi^7 

530 

Mix C 

per lb. 

315,278 

56,666 

358 

830 

6,310 

900 

30,700 

3,01^7 

530 

V 

-A' 
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. V, 

TABLE IV 

COMPOSITION OF COCCIDIOSTAT PEEMIXES 

Ingredients Premix A^ Premix Premix 

lbs. lbs. lbs. 

Nitrofurazone 1^.00 

Sulfaquinoxa1ine 
{2%) 5.80 

Amprol (25^) ll-.OO 

Soybean oil meal 200.00 200.00 200.00 

Total 201^.00 205.80 20lt.00 

^aed in Experiments I, II, III, and IV. 

^sed in Experiments V, VI, VII, and X. 

^sed in Experiments VIII and IX. 

A:' r 
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Experiment II 

This study was designed to compare the response of chicks to diet 

EF 2, the 23 percent protein finisher diet used In Experiment I, with 

the response of chicks to diet EF 3, a 20 percent protein finisher diet 

(Table l). Diet EF 3 contained approximately the same Calorie-protein 

ratio and the same feed Ingredients as EF 2. The 25 percent protein 

starter diet used In Experiment I was used as the control. All chicks 

were fed the control diet for the first five weeks. When the chicks 

were five weeks of age, they were randomized according to body wel^t 

Into twelve pens. The control and the finisher diets were each fed to 

four replicate lots of chicks. 

Experiment III 

Some of the feed Ingredients in the 25 percent protein starter, 

ES 2, used In Experiments I and II were expensive, and the contribution 

each ml^t make to the gross value of the diet was questionable. This 

experiment was designed to study the effect of removing either the 

DL-methlonlne, feather meal, fish meal, or the whey product from the 

diet. The ground yellow com, soybean oil meal, and/or the stabilized 

yellow grease were added to the diets in variable amoimts in an attempt 

to keep the protein and energy levels approximately constant when an 

ingredient was removed from the basal diet. The composition of the 

diets (ES 3, ES 1+, ES 5> ES 6) Is given In Table V. The design 

of the study, which was conducted In batteries, was a x k Incomplete 

Latin square. 
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TABLE V 

COMPOSITION AND CALCULATED ANALYSIS OF DIETS. 

Ingredients 

Com gluten meal 
Yellow com meal 

Fish meal (605^ 
protein) 

Alfalfa meal (l?^ 
protein) 

Soybean oil meal 
(50^ protein) 

Feather meal 

(hydrplyzed) 
FlaydrjA 
DL-Methionine 

Defluorlnated rock 

phosphateg 
Mineral mix , 
Vitamin mix B 

Stabilized yellow 
grease 

Coccidiostat mix 

Total 

Calculated Analysis 

Crude protein 
(percent) 

Productive energy 
(Calories/lb.) 

C/P Ratio 

EXPEBIMENTS III AND IV 

ES 3 ES h ES 5 ES 6 ES 7 

lbs. lbs. lbs. lbs. lbs. 

6.00 6.00 6.00 6.00 6.00 
1^7.70 k5.6o k2.00 kS.oo kS.OO 

5.00 5.00 5.00 5.00 

2.50 2.50 2.50 2.50 2.50 

22.50 25.80 29.50 2k.20 2k.20 

2.00 2.00 2.00 2.00 

2.00 2.00 2.00 

0.10 0.10 0.10 

1.00 

2.70 2.70 2.70 2.70 2.70 
0.60 0.60 0.60 0.60 0.60 

6.50 7-30 9.20 6.50 6.50 
2.50 2.50 2.50 2.50 2.50 

100.00 100.10 100.10 100.10 100.00 

25.kk 25.31 25.55 25.53 23. 

1022.00 1023.00 1033.00 1025.00 1025.00 
koji kOsl koji kOsl kOsl 

"Hfliey product manufactured by Borden Co., Nev York, New York. 

^See Table II. 

^Sse Table Ill 

^See Table IV. 
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Experiment IV 

As no significant differences were found at the 5 percent level 

of probability among treatments in Experiment III, a study was designed 

to determine the response of chicks to similar diets \mder floor condi 

tions. A 25 percent protein starter diet, ES 2, (Table l), was used as 

the control diet. The other diets (Table V) in the study were control 

minus DL-methionine and the whey product (ES-7), and control minus fish 

meal (ES 5)• 

After feeding the birds the starter diets for five weeks, they 

were given a corresponding finisher diet produced by mixing 9^ pounds 

of each starter with six pounds of stabilized yellow grease. There 

were four replications of each of the three treatments. The study was 

terminated when the birds were nine weeks of age. 

Experiment V 

This experiment was designed to study the response of chicks to 

diets that contained 25 and 30 percent protein, and the effect of changing 

the C/P ratio of these diets. 

The starter diets, ES 8, ES 9f and ES 10 (Table VI), contained 

25, 30, and 30 percent protein with C/P ratios of 38:1, 30:1, and 38:1, 

respectively. The finisher (EE k. Table VI) contained 25 percent protein 

with a C/P ratio of 48:1. 

Each of the three starting diets was fed to six pens of chicks 

until the chicks were six weeks of age. At this time, three pens on 

each treatment were changed to the finisher diet, EE 4. The nine 

remaining pens were fed diet ES 8 for the duration of the study, which 
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TABLE VI 

COMPOSITION AND CALCULATED ANALYSIS OF DIETS. 

Ingredient 

Corn gluten meal 
Yellow com meal 

Fish, meal (6o^ 
protein) 

Alfalfa meal {YP^o 
protein) 

Soybean oil meal 
(50^ protein) 

Feather meal 

(hydrolyzed) 
Flaydryl 
DL-MethionJne 

Mineral mix^ _ 
Vitamin mix C 

Stabilized yellow 
grease 

Coccidiostat mix 

Total 

Calculated Analysis 

Crude protein 
(percent) 

Productive energy 
C/P Eatio 

EXPEBIMENT V 

ES 8 ES 9 ES 10 EF 

lbs. lbs. lbs. lbs. 

6.00 6.00 6.00 6.00 
52.80 1|.0.20 21.50 33.70 

5.00 5.00 5.00 5.00 

2.50 2.50 2.50 2.50 

21.00 33.00 36.00 21+.10 

2.00 2.00 2.00 2.00 

2.00 2.00 2.00 2.00 

0.10 0.10 0.10 0.10 

2.70 2.70 2.70 2.70 
0.60 0.60 0.60 0.60 

2.80 3.UO 18.90 18.80 
2.50 2.50 2.50 2.50 

100.00 100.00 100.00 100.00 

25.00 30.00 30.00 25.00 
950.00 900.00 llU.OO 1200.00 

36:1 30:1 38:1 U8:l 

ey product manxxfactured by Borden Co., Hew York, New York. 

^See Table II. 

^See Table III. 

^See Table rv. 

C , 
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was terminated when the chicks were eigjht weeks of age. 

Experiment 71 

This experiment was designed to study the effect of adding 

methionine or lysine to the 25 percent protein-38sl C/P ratio diet (ES 8, 

Table VI;\ used in Experiment V. Two levels of added methionine4,0.1 

and 0.3 percent, and three levels of lysine, O.O5, 0.1, and 0.2 percent 

were used. The unsupplemented diet (ES 8) was used as the control. 

This study was conducted in batteries using a 6 x 5 incomplete Latin 

square design. 

Experiment VII 

This study was conducted simultaneously with Experiment VI, but 

because of difference in location of the batteries, the data could not 

be combined. Glycine was added to diet ES 8 at levels of 0.0, 0.1, 

0.2, and 0-3 percent. Diet ES 2 (Table l) was included in this experiment 

since it was considered to be the control diet for the entire series of 

studies. A 5* ^ incomplete Latin square design was used for the study. 

Experiment VIII 

In Experiments VI and VII, the diet containing 0.2 percent added 

glycine gave the largest average body wei^t per chick. Although no 

statistically significant differences in the body weights of chicks 

given the various treatments were found at the 5 percent level of 

if 
Eefers to methionine added in addition to that found in the 

formula of diet ES 8. 
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probability, it was decided to conduct a battery study supplementing diet 

ES 8 with 0.2 percent glycine and either 0.1 or 0.3 percent added methionine, 

or 0.1 or 0.2 percent added lysine. The unsupplemented diet was used as 

a control. A 6 x 5 incomplete Latin square experimental design was used. 

Experiment IX 

A 25 percent protein-38:l C/P ratio diet (ES 8, Table VI) was 

used as a basal diet. The amino acids, glycine, methionine, and lysine, 

were added to the basal diet in the following combination: (l) 0.2 percent 

glycine, (2) 0.2 percent glycine, 0.2 percent lysine, and 0.1 percent 

methionine, and (3) 0.2 percent glycine, 0.1 percent lysine, and 0.1 

percent methionine. Diet ES 2 (Table l) was used as an additional control 

diet. The study, conducted in batteries, was of a 5 x ̂  incomplete Latin 

square design. 

Experiment X 

This experiment was based upon data secured in Experiments VIII 

and IX. Although in Experiments VIII and IX no statistical differences 

were found between treatments at the 5 percent level of probability, 

it was deemed desirable to study the response of chicks to these diets 

under floor management. 

The control diets were the same as used in Experiment IX. The 

other diets were: (l) ES 8 plus 0.2 percent glycine, (2) ES 8 plus 

0.2 percent glycine and 0.1 percent lysine, and (it-) ES 8 plus 0.2 percent 

glycine, 0.2 percent lysine, and 0.1 methionine. Each of the six diets 

were fed to three replicate lots of chicks. The study was terminated 

when the chicks were eight weeks of age. 



BESULTS 

Experiment I 

The results of this study are summarized in Table VII. When 

compared to chicks fed a 21 percent protein starter diet (ES l), chicks 

fed a 25 percent protein starter diet (ES 2) for the entire nine weeks 

of the study had superior average body wei^ts and feed conversions. 

However, chicks fed diet ES 2 for the first six weeks and diet EF 2 for 

the last three weeks of the experiment had the largest average body 

weights of any of the chicks, but they were not significantly larger 

than those fed diet ES 2 for the entire nine week period. Chicks fed 

either of the finisher diets (EF 1 or EF 2) for the entire study had 

smaller average body weights than chicks fed the corresponding starter 

diets. 

All chicks fed diets ES 2 or EF 2 had significantly heavier 

average body weights (P ]_ O.Ol) and, with the exception of those in 

the treatment in which diet ES 2 was fed for the entire nine weeks, 

required significantly less feed per unit of body wei^t (P J_ 0.01) 

than did birds fed diets ES 1 or EF 1. However, at the 5 percent level 

of probability the feed required per unit of body wei^t by chicks fed 

diet ES 2 was significantly less than that required by chicks fed either 

diet ES 1 or EF 1. 

The chicks fed diet EF 1, 20 percent protein finisher, were 

poorly feathered and contained yellow pigment to a lesser degree than 

did the other birds in the study. No differences in the feathering 

and degree of pigmentation of birds fed the other diets were found. 
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TABLE VII 

BODY WEIGHTS AHD FEED COMVERSIONS OF CHICKS 

AT NIHE WEEKS OF AGE. EXPERIMENT I 

Diets^ _ .2 Feed/Wel^t^
Body Wei^ts ' ̂  

lbs. 

ES 2 - EF 2 3.23 ® 2.0830
e 

ef 
ES 2 3.IT ® 2.20714-

EF 2 3.05 ^ 2.IOI42 
e 

ES 1 2.76 ° 2.I4822 
f 

f 
ES 1 - EF 1 2.14320 

f 

2.75 

EF 1 2.57 ^ 2.I4I4I4.2 

^Composition and calculated analysis given in Table I. 
2 
Means with different superscripts are significantly different 

(P I 0.01). 
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From the results of this study, the 25 percent protein starter, 

ES 2, and the 23 percent protein finisher, EF 2, diets were selected as 

the control diets for the remainder of the studies in the series. 

Experiment II 

The birds fed the 20 percent protein finisher diet (EF 3) were 

significantly lighter in weight at the 1 percent level of probability 

(Table VIII) than were the birds fed the 23 percent protein finisher 

diet (EF 2) and were significantly lifter in wei^t at the 5 percent 

level of probability than were the chicks fed the control diet (ES 2). 

Birds fed the 20 percent protein finisher had significantly poorer 

feed conversion than did those fed the 23 percent protein finisher 

diet. No differences in feathering or pigmentation were observed among 

the birds receiving the different treatments. 

Experiment III 

As shown in Table IX, no significant differences in the average 

body weights of chicks were found between those fed the 25 percent 

protein starter (ES 2), and the average body weights of chicks fed 

diets in which either feather meal (ES fish meal (ES 5)> whey 

product (ES 6), or methionine (ES 3) was deleted. The feed required 

per unit of body weight by chicks fed the 25 percent protein diet less 

the fish meal (ES 5) was significantly less at the 5 percent level of 

probability than that required by other chicks in the experiment. The 

feed conversion of birds fed the 25 percent protein diet less methionine 

(ES 3) was significantly improved at the 5 percent level of probability 
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TABLE Till 

BODY WEIGHTS AND FEED CONTERSIONS OF CHICKS 

AT NINE WEEKS OF AGE. EXPERIMENT II 

Average p
Diets Feed/Wei^t"

Body Wel^t 

lbs. 

ES 2 - EF 2 3.31 2.1516 

ES 2 3.29 2.21^9^ 

ES 2 - EF 3 3.22 2.3370 

Composition and calculated analysis of diets given in Table I. 

2 
Any two means not connected by the same line are significantly 

different (P J_ O.Ol). 
3 
Any two means not connected by the same line are significantly 

different (P J_ O.O5). 
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TABLE IX 

ADJUSTED^ BODY WEIGHTS AND FEED CONVERSIONS OF CHICKS 
AT FOUR WEEKS OF AGE. EXPERIMENT III 

Average g Feed/^Tei^t^
Diets Body Weights (Adjusted)(Adjusted) 

gms. 

ES (No feather meal) 1^61^.1 ^ 1.589i^ ^ 

ES 5 (No fish meal) 1».62.9 ^ 1.5250 ^ 

ES 2 (Control) J^62.7 1.5796 ^ 

ES 3 (No methionine) 1^58.8 ® 1.51^79 ° 

ES 6 (No whey product) 1^5^.8 ® 1.5661 

Average body wel^ts and feed conversions adjusted according to 
procedure suggested by Cochran and Cox (1957)' 

^eans with different superscripts are significantly different 
(P L 0.05). 
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over that secured from birds fed diets ES 2 and ES ll-. 

Experiment IV 

Chicks grown on litter and fed a diet from which either fish meal 

(dietES 5) or both the whey product and methionine (diet ES 7) were 

omitted, were significantly smaller at the 1 percent level of probability 

(Table X) than were the chicks fed the control diet (ES 2). No signifi 

cant difference was found at the 5 percent level of probability in the 

feed conversion of chicks fed diets ES 2 or ES 5' However, the feed 

required per unit of body weight by chicks fed the diet ES 7 was 

significantly greater at the 5 percent level of probability than that 

required by chicks fed diet ES 5. 

Experiment V 

As shown in Table XI, no significant differences at the 1 percent 

level of probability were found in the final average body wei^ts of 

chicks fed the following diets: (l) ES 8-EF k, (2) ES 9-ES 8, (3) ES 8-

ES 8, or (k) ES 10-EF k. However, chicks fed diets ES 8-EF k, as a 

starter diet and finisher diet, respectively, were significantly heavier 

at the 5 percent level of probability than were the chicks fed the 

following combinations of diets: (l) ES 10-EF k, (2) ES 9-EF k, or 

(3) ES 10-ES 8. 

Birds fed diets ES 10-EF k required significantly less feed per 

unit of body weight at the 1 percent level of probability than did the 

birds fed any of the other combinations of diets. Feed required per 

unit of body weight by birds fed diets ES 10-ES 8, was significantly 
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TABLE X 

BODY WEIGHTS AND EEED CONVEESIONS OF CHICKS 

AT HIKE WEEKS OF AGE. EXPEBIMENT IV 

Bo^rSefits^ reea/».lght® 
lbs. 

ES 2 (Control) 3.23 2.1335 

ES 7(Ko wbey product 
or ntethionine) 3«1''- ^ 2.2193 ° 

ES 5 (Ho fish meal) 3-10 ® 2.QSk6 ^ 

^eane having different superscripts are significantly different 
(P I 0.01). 

2 
Means having different superscripts are significantly different 

(P I 0.05). 



31^ 

TABLE XI 

BODY WEIGHTS AND FEED CONVEESIONS OF CHICKS 
AT EIGHT WEEKS OF AGE. EXPERIMENT V 

Average -
Diets Feed/Wei^t^Body Wei^ts 

lbs. 

ES 8^ - EF 3.11 ® 2.1089 

ES 9*^ - ES 8 3.08 2.2782 ^ 

ES 8 - ES 8 3.06 2.2521 ^ 

ES 10^ - EF 4 3.01+ 1.9130 

ES 9 - EF 3.03 2.1513 ® 

ES 10 - ES 8 2.99 ° 2.031^1^ ^ 

^eans with, different superscripts are significantly different 
(P I 0.01). 

2Contains 25^ protein with 38:1 C/P Ratio. 
O 

Contains 255^ protein with 1<.8:1 C/P Ratio. 

^Contains 30^ protein with 30:1 C/P Ratio. 
^Contains 3051& protein with 38:1 C/P Ratio. 



35 

less at the 5 percent level of probability than that required by birds 

fed either of the other diet combinations except the combination of diets 

E3 10-EF 4, as previously mentioned. There were no differences in 

feathering or degree of pigmentation observed among birds fed different 

diets. 

Experiment VI 

With the addition of methionine to a basal diet (ES 8) at the 

0.1 and 0.3 percent levels, or lysine at 0.05, 0.1 and 0.2 percent 

levels, chick responses were not significantly different at the 5 percent 

level of probability when measured in terms of average body wei^ts or 

feed conversion of the chicks fed the diets (Table XIl). 

Experiment "VTI 

As shown in Table XIII, the addition of 0.1, 0.2, or 0.3 percent 

glycine to a basal diet (ES 8) failed to give a significant difference 

in the average body wei^t of chicks fed the diets. The feed conversion 

of chicks fed the control diet, ES 2, (Table l) was significantly smaller 

at the 5 percent level of probability than that of chicks fed the basal 

diet plus 0.1 percent glycine. No significant differences were found 

between the feed conversions of chicks fed either of the remaining diets. 

Experiments VIII. IX. and X 

In Experiments VIII, IX, and X, as shown in Tables XIV, XV, and 

XVI, respectively, no significant differences at the 5 percent level 

of probability were found between the average body wei^ts or feed 

conversion of chicks fed either of the control diets (ES 2 and ES 8) 
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TABLE HI 

ADJUSTED BODY WEIGHTS AND FEED CONVEESIONS OF CHICKB 
AT FOUE WEEKS OF AGE. EXPEEIMENT VI 

rAverage Feed/Welght'^Diets Body Wei^ts 
(Adjusted)(Adjusted) 

gms• 

ES 8+ 0.1^ Lysine 539.2 1.5^^55 

ES 6+ 0.3^ Methionine 52U.5 1.6557 

ES 64 0.2^ Lysine 517.7 I.70U6 

ES 8+ 0.05 Lysine 511.5 1.6752 

ES 8} 0.1^ Methionine 510.3 1.6709 

ES 8 (Basal) 510.2 I.62U2 

Average body weights and feed conversions adjusted according 
to procedure suggested by Cochran and Cox (1957)-

Any two means not connected by the same line are significantly 
different (P J_ O.O5). 

■■"L'- liii'- - ii 11 il 
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TABLE XIII 

ADJUSTED^ BOLT WEIGHTS AKD FEED CONVEESIONS OF CHICKS 
AT FODB WEEKS OF AGE. EXPEBIMEHT VII 

pAverage ^ Feed/Wei^ts
Diets Body Weights 

(Adjusted)(Adjusted) 

gms. 

ES 2 (Control) 532. ® 1.1+925 ^ 
ES 8 f 0.2^ Glycine 531.0 ® 1.5737 

ES 8 f Glycine 523. ® I.56I+7 

ES 8 f 0.1^ Glycine 516.3 ® 1.6339 ° 

ES 8 (Basal) 11.98.0 ^ 1.5578 

Average body weights and feed conversions adjusted according to 
procedure suggested by Cochran and Cox (1957). 

^eans with same superscript are not significantly different 
(P I 0.05). 
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TABLE XIV 

ADJUSTED^ BODY WEIGHTS AHD FEED CONVEESIONS OF CHICKS 
AT FOUR WEEKS OF AGE. EXPERIMENT VIII 

Average ^ Feed/Weight^
Diet Body Weight (Adjusted)(Adjusted) 

gms. 

ES 8+ 0.2^ Glycine 
+ 0.1^ Methionine 51^2.8 1.8072 

ES 8 + 0.2^ Glycine 
•I" 0.2^ Lysihe-' I.70U251^1.3 

ES 8 (Basal) 53^4.1 1.8095 

ES 8 + 0.2^ Glycine 
+• 0.1^ Lysine 532.5 I.863I4 

ES 8 4 0.2^ Glycine 
4 0.3^ Methionine 530.8 1.7936 

ES 8 + 0.2^ Glycine 518.2 1.8829 

Average body weights and feed conversions adjusted according 
to procedm-e suggested by Cochran and Cox (1957)• 

2 
Any two means not connected by the same line are significantly 

different (P J_ O.O5). 
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TABLE XV 

ADJUSTED^ BODY WEIGHTS AND FEED CONVERSIONS OF CHICKS 
AT FOUR WEEKS OF AGE. EXPERIMENT IX 

Diets 

ES 8 + 0.2^ Glyclne + 
0.2^ Lyslne 0.1^ 
Methlonlne 

ES 8 + 0.2^ Glyclne 

ES 8 + 0.2^ Glyclne + 
0.1^ Lyslne f 0.1^ 
Methlonlne 

ES 2 (Control) 

ES 8 (Basal) 

Average ^ 
Body Weights 
(Adjusted) 

gms. 

5^1.3 

529.3 

526.3 

526.1 

525.1 

Feed/Wel^t' 
(Adjusted) 

1.71't3 

1.7204 

1.7013 

1.6539 

1.6905 

Average body weights and feed conversions adjusted according to 
procedure suggested by Cochran and Cox (1957). 

2
Any two means not connected by the same line are significantly 

different (P J_ O.O5). 
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TABLE XVI 

BODY WEIGHTS AND ITIED CONVEBSIONS OF CHICKS 

AT EIGHT WEEKS OF AGE. EXPEEIMENT X 

Diets 

ES 8+ 0.2^ Glycine 
-t 0.1^ Methionine 

ES 8 (Basal) 

ES 2 (Control) 

ES 8 + 0.2^ Glycine 

ES 8 + 0.2^ Glycine 
+ 0.2^ Lysine -
0.1^ Methionine 

ES 8 + 0.2^ Glycine 
+ 0.2$ Lysine 

Average ^ 
Body Weights 

lbs. 

2.92 

2.91 

2.89 

2.88 

2.85 

2.81^ 

Feed/Weight^ 

2.2311 

2.221^0 

2.1703 

2.21+1^9 

2.2371 

2.2910 

Any two means not connected by the same line are significantly 
different (P J_ 0.05)-
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or diet ES 8 plus supplementary amino acids. 
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DISCUSSION 

A series of experiments were conducted in an attempt to develop 

practical hlgh-proteln, high energy broiler starter and finisher diets. 

The results of Experiment I tended to verify the work of Combs 

(1956) and Sunde (1956), In that chicks fed either a 25 percent protein 

starter diet, a 23 percent protein finisher diet, or a combination of 

the above diets, had significantly heavier average body wel^ts (P J_ 0.01) 

and required significantly less feed per unit of body wel^t (P O.O5) 

than did chicks fed starter and finisher diets with a lower protein 

content. The C/P ratios of the starter and finisher diets were 1|-1:1 

and i)-8;l, respectively, which were the approximate ratios recommended 

by Combs (195^)• 

The results of this study differ from those of Mraz^ (1958) 

who obtained best results, measured by body weight gain, with chicks 

fed diets of narrower C/P ratios than were used In this study. However, 

diets fed by these researchers contained lower levels of protein which 

may account for the difference In the results obtained In the two studies. 

This explanation Is In accordance with the work of Sunde (195^) who 

concluded that a desirable C/P ratio varies with the protein level of 

the diet. 

The work of Maddy et (1958) and Potter et al.(l956) was 

substantuated by the results of Experiment II. Chicks fed a 20 percent 

proteln-50;l C/P ratio finisher diet (EE 3) had significantly lighter 

average body weights (P J_ O.O5) and required significantly more feed 

per unit of body weight (P J_ O.O5) than did chicks fed a 23 percent 
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protein-l|-8:1 C/P ratio finisher diet (EF 2). However, chicks fed diet 

EF 3 were better feathered and pigmented to a greater degree than were 

chicks fed diet EF 1 (20 percent protein-53:l C/P ratio) in Experiment I. 

This may be attributed to the feedstxxffs found in diet EF 3 and not 

included in the formula of diet EF 1. 

Average body wei^ts or feed conversions of battery reared 

chicks, fed diets from which feedstuffs thou^t to contain unidentified 

"growth factors" were deleted, were not significantly different from 

those of chicks fed a control diet. 

However, when similar diets were fed to chicks on litter, there 

was a significant difference at the 1 percent level of probability 

between the average body weights of chicks fed the control diet and 

those of chicks fed diets from which fish meal or whey and methionine 

had been omitted. Other researchers. Combs and Nicholson (1958)^ 

Combs et £^. (1959); Stephenson (195^); Snetsinger and Scott (1958), 

and Day (196O), have reported on similar studies, but the results 

obtained by these workers are not in complete agreement. However, in 

the reported instances, the levels of the protein and energy of the 

diets seemed to influence the results obtained. This is not applicable 

to the studies reported in this thesis, as the diets were iso-nitrogenous 

and contained approximately the same number of Calories per pound of diet. 

The conflicting results in these studies (Experiments III and IV) 

may have been caused by several factors, especially since one of the 

studies was conducted with chicks in batteries and terminated when the 

chicks were four weeks of age, and the other was a nine-week study with 
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chicks on litter. However, the average body weights of four-week old 

birds grown on litter and fed a diet containing no fish meal or whey and 

methionine were significantly smaller (P j_ O.Ol) than those of birds 

fed the control diet. There is the possibility that some tj^pe of "stress' 

caused the factors to be expressed by the chicks on litter, or that a 

subclinical level of a disease, such as coccidiosis, was present in only 

part of the pens. 

In view of the results of the above experiments, it was decided 

to leave all the present ingredients in diets ES 2 and EF 2 and attempt 

improvement of the diets by modification of the protein and/or energy 

levels. Calorie levels were selected so that 25 and 30 percent protein 

diets with equal C/P ratios could be studied. The C/P ratio was lowered 

to 38:1 because of the extremely high level of added fat needed to obtain 

a 4l:l C/P ratio when a diet contains 30 percent protein. 

Although the performance of chicks fed either of these diets in 

Experiment V was acceptable, only the 25 percent protein-38:l C/P ratio 

starter diet was retained for use in future experiments in this series. 

This diet was retained because the performance of chicks measinred by 

average body wei^ts and feed required per unit of body weight was 

equal to, or better than, those fed the other diets in this experiment. 

In Experiments VI and VII, a 25 percent protein-38:l C/P ratio 

diet was supplemented with varying levels of glycine, methionine and 

lysine. Chicks fed the basal diet with 0.2 percent added glycine, had 

slightly heavier, but not significantly different (P _/ O.O5), average 

body weights than those of chicks fed the basal diet. Because of the 
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0.1 percent added methionine In the formula of the hasal diet, the increase 

in chick body wei^t received when 0.2 percent glycine was added to this 

diet is comparable to results of a similar study by Combs (1958). A 

growth response by chicks fed diets supplemented with glycine and methionine 

was also reported by Douglas^ (1958), however these researchers fed 

diets containing only 21 percent protein. 

In Experiments "Till, IX, and X, diet ES 8 plus 0.2 percent added 

glycine was used as a base diet to which varying levels of lysine and/or 

methionine were added. Although no statistically significant differences 

were found in these experiments (P J_ O.O5) there was an increase of 12 

grams in the average body weight of the chicks (Experiments VIII and IX) 

where a combination of amino acids was added, over that of the average 

body wei^t of the chicks in Experiments VI and VII where only one amino 

acid was added to the basal diet. It may be concluded from the results 

of these experiments that the 25 percent protein-38:l C/P ratio diet 

contains sufficient glycine, methionine, and lysine to meet the require 

ments of the growing chick, and that the levels of these amino acids 

which were added to the diet were not detrimental to the chicks. 

Considering the performance of chicks fed the various diets in 

this series of studies, the 25 percent 38:1 C/P ratio starter diet 

(ES 8) and the 23 percent protein-k8:l C/P ratio finisher diet (EE 2) 

appear to be the best diets. However, diets ES 8 and EE 2 were not 

used in combination with each other. Although chicks fed the 25 percent 

protein starter diet with a kl:l C/P ratio (ES 2) required less feed 

per unit of body weight than did chicks fed diet ES 8, the difference 
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was not significant at the 5 percent level of probability. Average body 

weights of chicks fed either diet ES 2 or ES 8 were approximately equal. 

The lower percentage of added fat in diet ES 8, hence easier mixing, 

would indicate that this diet might be more desirable than diet ES 2. 

At the time of this writing, the high fat content of the 25 percent 

protein k8:l C/P ratio finisher diet (EF k) used in these studies does 

not seem feasible due to the cost of the fat, the difficulty of mixing, 

and poor handling properties of the feed. However, chicks fed this 

diet had average body weights and feed conversions comparable to those 

of chicks fed diet EF 2. 



SIMMARY 

A total of B^UOO broiler chicks were used in three nine-week and 

two eight-week floor studies and five four-week battery studies in an 

attempt to improve complex, hi^-protein, high-energy broiler starter 

and finisher diets. 

Chicks fed either a diet containing 25 percent protein-l+l;l C/P 

ratio, a diet containing 23 percent protein-k8:l c/P ratio, or a com 

bination of the above diets had heavier average body weights and 

required less feed per unit of body weight than did chicks fed either 

a diet containing 21 percent protein-k3:l C/P ratio, a diet containing 

20 percent protein-5l5l C/P ratio, or the latter two diets combined. 

No differences were found between the average body weights and 

the feed required per unit of body weight of battery reared chicks 

fed either a 25 percent-kl:l C/P ratio starter diet from which either 

methionine, feather meal, fish meal, or whey was deleted, and those 

of chicks fed a basal diet which contained all four of these ingredients. 

However, when grown on litter to nine weeks of age, chicks fed diets 

with either fish meal or whey and methionine deleted were significantly 

lighter in body wei^t than were chicks fed the basal diet. 

Diets containing 25 percent protein-38:l c/P ratio, 30 percent 

protein-30:l C/P ratio, 30 percent protein-38:l c/P ratio, and 25 percent 

protein-k8:l C/P ratio were fed in various combinations. Heaviest 

average weights were obtained from chicks fed starter and finisher diets 

containing 25 percent protein-38:l C/P ratio and 25 percent protein-k8;l 

C/P ratio, respectively, but chicks fed starter and finisher diets 
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containing 30 percent proteln-38:l C/P ratio and 25 percent protein-l+B:! 

C/P ratio, respectively, required significantly less feed per unit of 

body weight than did chicks fed any of the other diets in this study. 

No significant differences were found in the average body wei^ts 

of chicks fed a 25 percent protein-38:l C/P ratio starter diet to which 

glycine, lysine, and high levels of methionine were added either separately 

or in combination and at varying levels. 
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