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Several experiments involving broilers, chicks, layers, roosters,

poults and breeder turkeys were conducted with the primary objective

of examining research methods for evaluating poultry feed grains, their

additives and supplements. A secondary objective was to improve and

maximize the production responses of poultry fed locally grown grains.

Feed grain research approaches were divided into three categories:

(1) evaluation of feed grains for energy and protein quality, (2)

utilization of the nutritional quality of feed grains and (3) improvement

of the nutritional quality of feed grains through the use of dietary

additives and supplements.

The study was initiated by using some traditional methods for

evaluating the nutritional quality of feed grains. The true metaboliz-

able energy (TME) method (a refinement of the commonly used apparent

metabolizable energy method) was found to be a rapid and economical

method for determining the energy values for new feed grains.

Another commonly used method- the Protein Efficiency Ratio - was

tested using Japanese quail and turkey poults. While the method was

fairly accurate in rank comparisons for grains fed to quail and poults,

the method was found to be inadequate for the type of information

required for the evaluation of feed grains for use under practical

formulation procedures.

A re-evaluation was made for the type of information required to

adequately evaluate a feed grain. It was decided to test feed grains

on the basis of the utilization of their nutritional quality. It was

found that wheat in protein adjusted rations not only replaced corn in

the ration, but also replaced supplemental protein (soybean meal, etc.).



In addition to production responses, the protein replacement value of a

feed grain was proposed as an important consideration in the evaluation

of new feed grains.

The ability of a feed grain protein to replace supplemental protein

in a ration was further examined through use of low-protein rations

supplemented with amino acids. It was shown that low-protein broiler

rations (18% protein) supplemented cumulatively with lysine, methionine

or threonine at NRC levels equivalent to a practical 23% protein ration

gave variable results. The best body weight gain was obtained when the

low-protein ration based on Red wheat was supplemented with all three

amino acids. However, this treatment resulted in the poorest feed

conversion.

Low-protein laying hen rations (13% protein) based on Yamhill wheat

and supplemented with 0.1% lysine and 0.1% methionine were found to give

comparable results in egg production with a corn or wheat based control

for normal-sized laying hens. A biotin-like dermatitis condition was

found with dwarf layers fed either corn or wheat based rations.

An examination of dietary additives and supplements to grain rations

was made using an experimental design approach. In conventional studies,

xanthophyll was found to not be as effective as noted in earlier studies.

A commercial enzyme (Nopgro) was found to be effective in significantly

improving production responses for poults and turkey breeder hens fed

wheat rations. Broilers fed a Red wheat ration formulated on a protein

adjusted basis with corn and supplemented with 4% animal fat and 55 ppm

zinc bacitracin significantly increased body weight and improved feed

conversion when compared with birds fed a practical corn based ration.

Poult and broiler studies showed non-significant differences in body

weight gain with the addition of animal fat. Subsequent studies using

response surface methodology showed that the primary effect of animal

fat in grain rations for young birds is on feed conversion and not body

weight gain.

Full factorial experiments were evaluated as an approach to screen

dietary supplements and additives for wheat based poultry rations. Five

dietary additives or supplements were considered - 4% soybean oil (quail)

or animal fat (broiler chicks), biotin, an enzyme (Nopgro), xanthophyll,

and zinc bacitracin. For quail chicks, the only significant response



was with soybean oil. Broiler chicks had a significant response with

both animal fat and zinc bacitracin.

Full factorial designs were found to be effective for evaluating

several qualitative dietary variables and their interactions. Response

surface methods were effective in examining and/or optimizing responses

of quantitative dietary variables.
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EVALUATION, UTILIZATION AND IMPROVEMENT OF THE
NUTRITIONAL QUALITY OF FEED GRAINS FOR POULTRY

I. INTRODUCTION

Several studies have been conducted to evaluate and improve feed

grains for use as a replacement for corn in poultry rations in the

Pacific Northwest. The National Wheat Institute (1977) recently

reported of a cooperative project involving the University of Idaho,

Oregon State University and Washington State University, to evaluate

commercial and breeding lines of wheat. The report gave a detailed

analysis of the components of wheat samples and results of chick

assays using a modified protein efficiency ratio method.

The reason for the interest in feed grain research for poultry is

that 70 to 75 percent of the total cost of the production of meat and

eggs is accounted for by feed cost. The major nutritional requirements

in poultry rations are for energy and protein. In recent years, the

major source of energy and protein has come from Midwest grown corn and

soybean. The freight rate for shipping corn and soybean meal to the

Pacific Northwest can substantially add to the cost of manufactured

poultry feed. As a result, nutritionists and producers are looking for

alternative feed sources such as the use of locally grown grains.

The principal locally grown grain in the Pacific Northwest is

wheat. Plant geneticists are in the process of developing new varieties

of wheat and other grains. The criteria in the past has been primarily

the selection of feed grains with high yields per acre and disease

resistance. More recently the importance of the nutritional quality of

the feed grain has been recognized.

However, with the recognition of the importance of the nutritional

aspects of new grains comes the responsibility of the nutritionist to

identify by efficient and economical screening methods which of the new

grains are nutritionally superior.

It is the primary objective of this thesis to find screening

methods for feed grains, their additives and supplements which are both
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meaningful and efficient. A secondary objective is the improvement and

maximization of production responses of poultry fed locally grown grains.

The initial approach to the problem was to evaluate Japanese quail

as a biological assay model for poultry feed grain research. However,

it soon became apparent that the problem of feed grain evaluation was

a complex one requiring a clear definition of what is required from a

feed grain in a formulated poultry ration. Traditional methodology

(such as the protein efficiency ratio) did not provide answers about

feed grains which would lead to the practical application of the

nutritional quality of feed grains in formulated poultry rations. With

this in mind, the approach taken represents a methodological (feed

formulation, experimental design) rather than a biological (bioassay

animals) search for effective and efficient techniques for the screening

of feed grains, their additives and supplements.
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II. REVIEW OF LITERATURE

Throughout the years nutritionists have searched for methods that

would be useful in determining the overall nutritive value of feedstuffs

for poultry and other domestic animals. An attempt is made in this

review to indicate various approaches that have been taken to evaluate

feed grains for poultry. These are divided into three categories: (1)

evaluation of feed grains for energy and protein quality, (2) utilization

of the nutritional quality of feed grains and (3) improvement of the

nutritional quality of feed grains through use of dietary additives and

supplements.

A. Evaluation of Feed Grains for Energy and Protein Quality

1. Energy

Since the organic matter in cereal grains is largely carbohydrate,

cereal grains are included in poultry rations as a major source of

dietary energy. Energy is required by poultry for growth of body tissues,

production of eggs, carrying out of vital physical activities and

maintenance of the normal body temperature. Excess energy is stored as

fat

Due to the importance of energy, nutritionists are continually

searching for more rapid and efficient methods of biologically evaluating

the energy value of feedstuffs.

Metabolizable Energy (ME) is currently the most useful description

of the energy value of feedstuffs for poultry (Hill and Anderson, 1958)

Determination of ME is commonly made using an index method described by

Hill et al., (1960). Sibbald (1975a) pointed out that this method of

direct bioassay poses a variety of problems which justifies the search

for alternative procedures. He identified five such problems: (1) the

direct method of ME is slow, (2) equipment and facilities are expensive

and not widely available, (3) labor requirements are high, (4) sample

size requirements vary with the number and type of birds fed, the level

of inclusion and the duration of the assay period and (5) the cost of
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ME is a summation of the foregoing problems.

An approach to simplify the determination of energy values has been

through the use of indirect biological assays. Most of the procedures

are based on the work of Rice et al. (1957) who proposed a rat bioassay

to evaluate the available energy of foodstuffs. Young rats were fed

a limited quantity of a diet adequate in all ingredients except

calories. Body weight gain was interpreted by reference to a curve

prepared by plotting the body weight gains of similar groups of rats

fed standard levels of prime steam lard. "Prime steam lard" values were

determined by the weight of prime steam lard which would give a growth

equivalent of that produced by the supplement. Gordon et al. (1961)

developed a growth assay for the productive energy content of fatty

materials fed to chicks using corn oil as a standard. They called the

value a "chicalorie". A similar growth assay was developed by Squibb

(1971) for metabolizable energy also using corn oil as a standard. A

critical factor in this latter assay was that the chicks were to be

individually housed and fed weighed amounts of feed each day according

to a pre-determined schedule. The assay diet contained a non-nutritive

cellulose which was replaced gram for gram with either corn oil (to

obtain the standard) or with the test material. The level of test

material in the ration was limited to 10 percent.

Yoshida and Morimoto (1970) have described a "mini-test" in which

growth restricted chicks are fed ad libitum. It was reported that the

quality of material to be assayed may be as little as five grams;

however, as the number of chicks and level of dietary inclusion decrease,

the sensitivity of the assay also decreases.

The growth assay has not been widely tested or adopted. Sibbald

(1975a) suggests that the procedures have not been accepted because

the variability is very high and the labor requirement is significant.

Sibbald (1976a) has developed a rapid reproducible method for the

direct determination of the true metabolizable energy (TME) of feed-

stuffs. The poultry industry has shown much interest in the method.

Development of the method began when Sibbald (1975b) observed that
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the energy in the excreta of roosters decreased in a linear manner as

feed intake decreased. It was noted that when the feed intake was zero

there was still a small but significant amount of energy in the excreta.

This energy represented the metabolic fecal energy (FEm) plus the

endogenous urinary energy (UEe).

In the conventional measurement of apparent metabolizable energy

(AME), it was assumed that the energy excreted as feces and urine came

directly from the feed. FEm (unabsorbed feed residues plus metabolic

products such as bile, digestive juices and cells from the lining of the

digestive tract) and UEe (components of the feed plus products of

tissue breakdown which occurs during body maintenance) were not consid-

ered.

The finding of the energy which represented FEm and UEe provided

a key to the development of a THE bioassay. When AME is corrected for

these components, a THE value results. An experiment was conducted

to confirm that the relationship between feed input and energy input

was linear fora variety of feedstuffs and a simple rapid bioassay was

developed (Sibbald, 1976a).

The THE procedure involves the force feeding of adult roosters,

which have been starved for 24 hours, with a small amount of feedstuff

(approximately one percent of the body weight). A 24 hour collection

is made of the feces and urine of the fed birds and a representative

sample of birds which have not been force fed. The gross energy

values are determined for the feedstuff and the collected feces and

urine smaples. The energy of the feedstuff minus the energy of the

feces and urine samples of both the fed and unfed birds represent the

THE value of the feedstuff. Subsequent experiments have provided

additional information about the starvation of the birds (Sibbald, 1976b)

and the level of feed input (Sibbald, 1977a).

Several variations can be introduced into the basic assay without

altering the THE values (Sibbald, 1978). While White Leghorn roosters

are preferred, other types of birds may be used. If laying hens are

selected, care must be taken to watch for soft-shelled eggs which may



break and contaminate the feces. The starvation, period may be extended

up to 96 hours without adverse effects. The optimum feed input for

Leghorn roosters was about 40 grams of pellets or 30 grams of ground

feed; higher levels of feed increased the chances of regurgitation while

lower levels tended to increase experimental variation. The 24-hour

excreta collection period may be extended; however, it was important

that the period be of the same duration for each bird.

The assay for TME has several advantages over the conventional

chick assays developed to measure AME (Sibbald, 1977b). The assay can

be completed in 60 hours as compared to 6 weeks. The required amount

of test material is much less. The roosters can be used for a large

number of assays before being replaced; this reduces cost, but in

addition, by maintaining a flock of birds it is possible to initiate an

assay at a very short notice. The labor requirement and overall cost

of a TME assay is significantly less than that of an AME assay. The

data obtained by the TME assay are more accurate and subject to less

variation than are the data obtained by AME assays.

It is well known that AME values obtained with chicks do not

necessarily apply to turkeys (Slinger et al., 1964; Fisher and Shannon,

1973; Leeson et al., 1974). There is also evidence that values vary

between breeds of chicken (Slinger et al., 1964; Foster, 1968; March

and Biely, 1971) and between ages (Renner and Hill, 1960; Bayley et

al., 1968; Lodhi et al., 1969). It was proposed by Sibbald (1978)

that the differences in ration of gross energy of input to FEm plus UEe

output is the cause of some of this variation.

Sibbald (1976c) conducted three experiments to measure the effects

of sex, strain and species of bird on the TME values of feedstuffs.

There was no sex effect found. When corn, soybean meal, wheat shorts

and fish meal were assayed with roosters, laying hens and turkey hens,

the only significant difference was among the values for soybean meal

where the turkey hens were able to extract more TME than either hens or

roosters. And finally, wheat bran and a laying hen diet were assayed

with roosters, laying hens, broiler hens and turkeys. There were no

significant differences between the values obtained with the various
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types of birds.

2. Protein Quality

Although cereal grains are thought of as primarily sources of

energy, the high levels at which some of the grains are used in poultry

rations makes them also significant contributors to the protein of the

ration.

Protein is needed in the ration to provide nitrogen for synthesis

of a variety of nitrogen containing compounds (heme, creatine,

hexosamine, nonessential amino acids, etc.) and to provide amino acids

which cannot be synthesized in adequate amounts by the body of the

animal. The latter amino acids are "essential" since they must be

supplied in the diet in proper proportions and amounts to meet

maintenance, growth and other metabolic requirements of the animal.

Protein quality methods for feed grains and other feedstuffs

should directly or indirectly, evaluate the dietary function of

furnishing amino acids that are needed for the health and well-being

of the animal. Numerous procedures have been proposed for the evaluation

of protein quality. A few of the more common procedures are reviewed.

Thomas (1909) introduced the concept of biological value (BV). It

was defined as the fraction of absorbed nitrogen retained in the body.

The method was later refined by Mitchell and his accociates (1924, 1945).

The standard conditions for BV measurement involved the use of low-protein

rations (approximately 9-10 percent) and measurement of true digestability

and net nitrogen retention.

There are two limitations to the Thomas-Mitchel biological value

as a practical measure of quality of protein (Crampton and Harris,

1969). First, it is difficult to measure metabolic fecal nitrogen (FNm)

and endogenous urinary nitrogen (UNe), and second, the level of nitrogen

modifies the calculated biological value independently of the amino

acid balance. Whole egg may have a biological value of 100 for animals

fed at 10 percent of the diet, but at levels approaching the protein

required for maximum growth, the biological value may fall. A protein

which shows a relatively poor biological value when fed at a very low
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level may perform quite well as a source of essential amino acids when

fed at slightly above the optimum protein requirement, since borderline

deficiencies of limiting amino acids may be overcome as the dietary

protein level is increased (Scott et al., 1976).

One of the commonly used methods of expressing protein quality is

the Protein Efficiency Ratio (PER). The method was originally

developed by Osborne, Mendel and Ferry (1919) as an alternative to

nitrogen balance methods. The procedure involves a feeding trial in

which feedstuffs are compared in terms of grams of body weight divided

by grams of protein or nitrogen consumed. Research indicates that the

PER is influenced by the amount of limiting amino acid in the feedstuff

(Campbe11,1963).

The determination of PER is simple, convenient and widespread;

however, the method has several well known criticisms. Mitchell (1944)

and Bender and Doell (1957) indicated that (1) the assumption that the

gain in body weight is constant in composition is not valid, (2) the

results are subject to protein level and feed intake and (3) PER does

not allow for maintenance, but assumes that all of the protein is used

for growth.

In an attempt to make an allowance for maintenance in the PER

method, Bender and Doell (1957) proposed the use of a protein-free group.

The loss in body weight of the protein-free group would be added to the

weight gain and then divided by the amount of protein or nitrogen

consumed.

Campbell (1963) pointed out that the effectiveness of using a non-

protein control group has not been well established. Further, allowance

for maintenance would seem to amount to a more or less constant correc-

tion, which would have little if any effect in the relative status of

proteins of varying quality.

The Net Protein Utilization (NPU) method was devised by Miller and

Bender (1955) as an evaluation of protein quality based on a comparison

of the body nitrogen content resulting from a test protein with that

resulting over the same period of time on a nitrogen-free diet. The



measure is for efficiency of growth. Carcass nitrogen is determined

indirectly. Bender and Miller (1953) found that there is a consistency

in the nitrogen to water ratio and therefore it is possible to calculate

the carcass nitrogen by determining the body water content. It has been

suggested that the NPU method might be applied to chicks (de Muelenaere,

1960; Summers and Fisher, 1961, 1962; and Ascelli and Gestetner,

1962) and quail (Ramachandran, 1970).

The PER and NPU me"thods have been used in the evaluation of

protein of feed grains for poultry. Cave et al. (1965) attempted to

use NPU values to evaluate wheat by-product fractions. Poppe et al.

(1967) used PER methods to evaluate the supplementation of wheat rations

with amino acids. Summers et al. (1969) compared wheat fractions from

several wheat samples for protein quality using PER and NPU methods.

Fernandez et al. (1974) developed a modified chick bioassay for PER to

compare feed grains with and without supplements of lysine and procaine

penicillin.

Summers at al. (1969) made the observation that estimates of

protein quality by NPU and PER methods are not additive. This also

applies to the other protein quality methods that have been reviewed.

Scott et al. (1976) points out that these procedures may be particularly

useful in comparing the values of several sources of a single type of

protein - such as an assessment of various fish meals that have under-

gone different treatments during processing that may have resulted in

damage to protein quality. It is cautioned that these methods do not

furnish a set of protein values that can be used in the same manner as

metabolizable energy values.

A feedstuff may be low in protein quality as judged by the methods

reviewed here and yet be an excellent source of protein when combined

with another protein with an amino acid profile which compliments the

deficiencies of the feedstuff.

B. Utilization of the Nutritional Quality of Feed Grains

Nutritionists have attempted to biologically evaluate feed grains
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as they would be included in a formulated ration. This allows for an

examination of the nutritional relationship of a test grain with other

ingredients in a ration. Usually a comparison is made between a ration

with the test grain and a control ration with corn. There are a

variety of ways in which a grain can be included in a ration. The

following are some approaches and results:

1. Replacement of Grain for Corn on a Percentage Basis

Evaluation of feed grains replaced on a percentage basis for corn

in rations has produced variable results for chick and broiler responses.

Johnston (1971) made an interesting comparison of research conducted

with the replacement of wheat for corn. Responses of wheat-fed birds

as a percent of corn-fed birds were compared. Results showed a range

in results of approximately 87 percent (Arscott, 1964) to 120 percent

(McGinnis, 1970) and 85 percent (Arscott, 1965) to 100 percent (Biely

et al., 1951) for gains and feed conversions, respectively.

Crampton (1936) published a report indicating that about 12 percent

more wheat than corn is required to produce gains with chicks. It was

further indicated that chick mortality was higher on wheat rations, the

majority of which was due to necrosis of the beak. It was also noted

that mortality might be prevented by coarser grinding of the feed and

supplementation of diets with vitamin A. Biely et al., (1951)

substituted from 75 to 100 percent of the corn in a Connecticut broiler

ration without altering the growth promoting value of the ration.

Slinger et al. (1953) grew chicks to ten weeks on diets containing wheat

as the primary cereal grain and concluded that growth was satisfactory.

Sanford (1956) made comparative studies with corn, wheat, barley, milo

and oats. Broilers converted feed most efficiently when wheat comprised

60 percent of the ration. Arscott (1957) compared corn, wheat, barley

and a 50:50 corn to barley diet, all diets with or without three percent

animal fat. Wheat replacing corn on a 100 percent basis effectively

replaced corn without materially affecting growth and only slightly

increasing feed consumption. Slinger et al. (1958) found that a

consistent improvement in growth and feed efficiency for chicks and
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poults fed rations varying in levels of wheat replacing corn. They

reached the conclusion that the Canadian No. 5 wheat was equal in

energy content to U.S. No. 2 corn and that the energy value attributed

to wheat in published literature was too low for this wheat. Summers

et al., (1959) fed diets containing various comibinations of wheat and

corn and included a complete replacement of corn by wheat. They

reported that diets containing wheat were equal to or superior to diets

containing corn based on the rate of growth and efficiency of feed

conversion. Sibbald et al. (1960) also reported that chicks fed

wheat gained better than those fed corn. McIntosh et al. (1962) fed

growing pullets diets containing wheat and corn alone and in combination.

Weight gains and feed conversions were superior when the diets

contained both grains compared to wheat alone. The form in which the

grain was fed influenced the rate of gain when the diet contained wheat

as the only cereal grain but not when the diet contained wheat and corn.

Ground corn was approximately equal to corn plus wheat. Pelleted and

whole wheat were not as efficiently utilized in the all wheat diets.

Older chicks appeared to utilize the whole wheat better than young

chicks. They suggested that wheat may be included in the starting

ration at a level of 30 percent without affecting weight gain and

efficiency. After five weeks of age, wheat could be fed as the sole

grain without adverse effects.

Arscott (1964) noted that with broilers increasing the concentration

of corn by replacing 12.5, 25, 50 and 100 percent of the wheat in the

ration resulted in a progressive improvement in body weight and pigmen-

tation. Comparable body weight was obtained with a 50 percent

substitution of corn for wheat. A significant improvement in feed

conversion was also evident when corn replaced at least 50 percent of

the wheat, although a significant difference still was evident between

this group and the 100 percent corn group. In another trial, Arscott

switched from wheat to corn-type rations starting with the fifth week.

Using this procedure, body weight appeared improved regardless of

whether corn was fed from the 5th, 6th or 7th weeks. Pigmentation

scores tended to vary in relation to the amount of corn in the ration.
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Arscott noted that feeding corn from the seventh week was comparable to

the replacing of 50 percent of the wheat with corn throughout the

experiment.

Arscott (1965) fed broilers rations containing varying amounts of

corn and wheat formulated by linear programming. It was noted that

from a nutrient standpoint alone, wheat will not replace corn when it

is priced similarly. Broilers which were fed isocaloric diets showed

improved body weight whenever corn constituted the major grain

component in the ration. Broilers fed predominately wheat rations

consumed significantly less feed.

Berg (1965) found that he could replace 50 percent of the corn

with wheat without significantly affecting the growth or feed conversion

of broilers. When he fed either two-thirds corn and one-third wheat

or two-thirds wheat and one-third corn for two to six weeks he found

that growth was similar to all-corn rations.

Petersen (1969) fed chicks diets containing 50 percent cereal

grains. The ability of the grains to promote growth was evidenced

in descending order by corn, oats, sorghum low in tannin, wheat,

sorghum high in tannin, and barley. Average feed conversion was similar

for corn, sorghum and wheat diets but was poorer when the chicks were

fed diets containing either barley or oats.

McGinnis (1970) substituted wheat for corn in diets for broilers

that were grown in floor pens for eight weeks. Slightly lower growth

was obtained when wheat was used and feed efficiency decreased when

wheat replaced corn.

Gregoire et al. (1976) compared rations containing three wheat

cultivars (Purple 606-A, C.W. Red Spring and White 607-A) in five

corn to wheat combinations (100:0, 75:25, 50:50, 25:75 and 0:100).

Performance of the birds fed rations based on White 607-A was similar

to that of birds fed corn, even when wheat constituted the sole feed

grain. By contrast, birds fed rations based on Purple 606-A and C.W.

Red Spring had significantly lower body weights and feed efficiency than

those fed rations containing high proportions of corn or any of the

rations based on White 607-A. It was noted that the concentration of
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lysine and methionine in the high-protein wheat cultivars was markedly

lower than in White 607-A. Furthermore, the amino acid analysis showed

a greater content of non-protein nitrogen in Purple 606-A and C.W. Red

Spring as compared to the White 607-A and corn.

In laying hen studies, Arscott (1965) fed corn and wheat on a 100

and 50 percent substitution basis. There were no differences noted for

egg production, mortality or body weight gains. However, feed per

dozen eggs for the all-wheat fed birds was slightly greater than the

all corn-fed birds. There was no difference in the feed per dozen eggs

for the birds fed the 50:50 combination of corn and wheat. McGinnis

(1970) reported similar results.

McGinnis (1965) and Balnave (1970) replaced wheat for corn in layer

rations on an equal weight basis. There was a slight reduction in egg

production for birds fed the all-wheat rations. In addition, the

wheat-fed birds consumed more feed. However, there were no appreciable

differences in the egg weights.

Poley and Wilson (1939) reported no appreciable differences in the

rate of growth when turkeys received either corn, wheat, oats or

barley in growing and finishing rations. When judged by the amount of

feed to produce a unit of gain, wheat was found to be practically equal

to corn. As compared with corn, wheat had 99 percent, barley 98 percent,

and oats had 89.3 percent of the feeding value of corn in growing rations.

In the finishing rations, wheat had a value of 101 percent, barley, 87.7

percent, and oats, 96.2 percent. It was noted that the color of the

finished carcasses receiving feed grains other than corn were more

uniform and preferred by the grader.

Barret et al. (1946) indicated that wheat alone produced the most

economical gains,but wheat and corn produced the heaviest turkeys when

these grains were hopper fed from eight to twenty weeks of age and corn

was fed as the only grain to 26 weeks. Also, wheat fed alone or in

combination with oats, resulted in a lower consumption of mash than for

similar trials with corn alone, or both corn and oats when fed during

the first twenty weeks. They advocated that multiple grain feeding

gave satisfactory growth usually at a lower cost than corn, wheat or
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oats fed as single grains. It was stated that corn may be the best

grain during the final weeks.

2. Protein-Adjusted Rations

Results with protein-adjusted rations have been variable. Biely

et al. (1951) found that when the protein content of the ration was

balanced to adjust for the difference in protein content between wheat

and corn, through lowering the amount of supplementary protein concen-

trate, the rate of growth was lowered. A reduced level of energy was

thought to have contributed to the growth depression. However, when

Yoshida (1962) made an adjustment for energy in isonitrogenous rations,

he still found that the response was 90 percent of the corn response.

McDonald (1964) indicated that corn and wheat were equal on a direct

comparison in high energy diets; however, if the diets were adjusted

for protein content, the wheat-fed birds grew less.

Gardiner (1973) compared three wheats and corn in 18, 20, 22 and

24 percent protein diets for broiler chicks. All three wheats contained

approximately 13.5 percent crude protein. In general, the wheats, when

fed above the 18 percent level, resulted in larger broiler body weights

than observed on the corn control.

Salmon and Dunkelgod (1974) fed computer formulated wheat rations

to chicks and poults. The wheat cultivars used in the experiment ranged

from 10.8 to 17.1 percent crude protein. It was found that the growth

rate of the chicks increased as the protein level of the wheat decreased.

The differences were related to the dietary amino acid balance and were

attributed in part to the improved amino acid balance of the lower

protein wheats, and also to the greater proportion of soybean meal

in the diets containing lower protein wheats. The growth rate of the

poults was not related to the protein level of the wheat. The cost of

meat production increased with both chicks and poults as the protein

level of the wheat decreased with the ingredient prices that prevailed

at the time of the study.

Gardiner and Dubetz (1976) fed a 22 percent broiler ration with

the grain being either a 14.5 or 21.0 percent protein wheat. Six
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levels of added 1-lysine were added to determine the maximum growth

of the birds. L-lysine supplementation up to 0.24 percent of the diet

improved the body weight and feed conversion of the chicks when the

diet contained 21.0 percent protein wheat, and generally the results

were not different from those obtained when the diet contained 14.5

percent wheat. L-lysine supplemented in the 22 percent diet containing

the 14.5 percent protein wheat did not significantly affect the growth

or feed conversion of the birds. It was concluded that high-protein

wheat supplemented with adequate 1-lysine could be fed to chicks,

thereby substantially reducing the amount of supplementary protein

required. A similar effect was found when the wheats were fed to poults

(Gardiner and Dubetz, 1978) and laying hens (Gardiner and Dubetz, 1977).

Lillie and Denton (1968) tested wheat, corn, barley and oats at

three different protein levels (10, 12.5 and 15 percent) for caged

layers. All diets were isocaloric for each protein level and were

fed ad libitum. The higher the protein level, the greater was the egg

production, body weight gain and average protein consumption per day.

The differences between grains were eliminated on the 12.5 and 15 percent

diets for egg production and on the 15 percent protein diet for body

weight gain.

Jensen et al. (1974) suggested that the requirement for lysine is

higher for hens fed rations containing wheat in comparison to corn.

The requirement appeared to be higher than suggested by the National

Research Council (1971).

Weber and Reid (1971) compared several varieties of wheat with

corn, milo and triticale in laying hen rations. The diets were formulated

on an isonitrogenous and isocaloric basis. One wheat variety, Sonora-64,

when fed to laying hens, produced egg production results significantly

better than birds fed the corn control. However, another variety,

Ciano-67, produced the poorest results.

March and Biely (1958) found that the extra protein in wheat could

effectively replace an equivalent amount of protein from soybean meal

in a corn based poult ration. Feed efficiency and rate of growth on

the wheat and corn diets were similar.
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3. Low-Protein Rations Supplemented with Amino Acids

Bornstein and Lipstein (1975) have pointed out that it is almost

axiomatic that the better the balance of the amino acids in the

dietary protein, the lower the requirement will be for the dietary

protein of the bird. They have further pointed out that despite the

potential economic value of this principle, the literature dealing

with low-protein rations for poultry is limited.

There have been some studies involved with the use of low-protein

laying hen rations based on corn and soybean meal. Thornton et al.

(1957) and Waibel and Johnson (1961) showed that corn-soybean meal

rations containing levels of 11 to 13 percent crude protein would

support a reasonable egg production when supplemented with lysine and

methionine. However, hens fed rations with 10 to 11 percent protein

and supplemented with amino acids still performed inferior as compared

to hens fed rations with 16 percent protein. Bray (1964, 1968, 1969)

examined the performance of laying hens fed low-protein rations to

determine the most limiting amino acids. The most limiting amino acids

were found to be dependent on the protein level of the ration as well

as the proportion of protein supplied by either corn or soybean meal.

Britzman and Carlson (1965) have shown that a 10 percent protein

laying hen ration supplemented with methionine was adequate for 50

to 60 percent egg production for seven months. Further supplementation

of amino acids did not enhance egg production, egg size, Haugh units,

shell thickness or body weight. In another trial, hens were fed a

ration with 11 percent protein and containing a ratio of corn to soybean

meal of 60:40 (as recommended by Bray, 1960). This ration supported

egg production at a rate of about 10 percent less than with hens fed

a 16 percent protein diet. Methionine added at 0.1 percent was

found to maintain approximately 60 percent egg production for nine

months.

Novachek and Carlson (1969) fed hens corn-soybean meal diets

calculated to contain 9.4 percent protein. Supplements of methionine

and lysine showed improved egg production, feed consumption, and egg
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weights. Further supplementation with amino acids did not result in

additional responses. Also, it was found that the addition of ammonium

citrate did not result in a significant response and in some cases gave

a significant depression in performance. Other workers have shown

similar results from the addition of non-specific nitrogen sources

(Fisher and Griminger, 1960; Bray, 1964 and Blair et al., 1976).

There have been a few studies on the use of low-protein laying

hen rations based on wheat and soybean meal. March and Biely (1963)

found that supplementation of wheat-soybean meal rations containing

14 percent protein with lysine and methionine markedly improved egg

weight. Sell and Hodgson (1966) indicated that rations with 13.5

percent protein supplemented with lysine supported a rate and efficiency

of egg production equal to 16 percent protein rations, although the

addition of methionine to the ration was required to get eggs with

sizes comparable to the birds fed a 16 percent diet. Lillie and Denton

(1968) found that performance of laying hens fed 10 or 12.5 percent

protein rations based on either corn or wheat was inferior to that of

hens fed corn or wheat rations containing 15 percent protein. However,

no attempt was made to supplement the rations with amino acids. March

and Biely (1972) and Slinger et al. (1972) have shown that rations based

on wheat support satisfactory performance by laying hens when supple-

mented with appropriate amino acids or amino acid sources.

Middendorf (1959) found that it was possible to obtain optimum

growth rates for broilers with a ration containing only 14 percent

protein by supplementing the ration with adequate amounts of essential

amino acids and glutamic acid for additional amino acid nitrogen.

Haertel (1970) studied the effect of methionine supplementation on the

protein level for broilers. He found that 0.02 percent sulfur amino

acids would spare one percent protein. Bornstein and Lipstein (1975)

reported that in diets containing approximately three percentage points

less soybean protein than required, a supplementation of about 0.15

percent each of methionine and lysine would replace 2 percent soybean

protein, but not result in a chick performance equal to that obtained
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on the control ration. They surmised that this result indicated that

there was a deficiency of a third and/or fourth amino acid.

Some work on low-protein wheat based rations for broilers has

been conducted. Gardiner et al. (1977) supplemented wheat rations (18

percent protein) with 0.3 percent lysine. Supplemented rations

resulted in significantly higher body weights and lower feed-to-gain

ratios than the supplemented rations. However, the low-protein rations

with supplemental lysine did not result in body weights which would

compare to the unsupplemented corn control. In an effort to maximize

growth of broilers fed an 18 percent wheat based ration, Gardiner and

Dubetz (1976) supplemented six levels of lysine in rations based on

either a regular protein wheat (14.5 percent) or a high protein wheat

(21.0 percent). The diets containing the 14.5 percent wheat and

supplemented with at least 0.18 perecnt 1-lysine gave the maximum

growth and most efficient feed conversion. Maximum growth was not

obtained on any of the 18 percent diets with 21.0 percent protein

wheat, regardless of the 1-lysine supplementation.

Studies have been conducted involving the feeding of low-protein

rations to poults. Baldini et al. (1945a, b) demonstrated that poults

up to six weeks could grow well on 20 percent protein corn-soybean

meal diets supplemented with lysine and methionine. Fisher et al.

(1956) confirmed these findings and extended the observations

through a complete growing season under practical conditions.

Balloun and Phillips (1957) supplemented diets with lysine and found

that the maximum growth and feed efficiency for the birds was obtained

with 25 percent protein rations. Carter et al. (1962) found that

methionine and lysine could be used to replace three percent of the

dietary protein in practical turkey growing rations.

C. Improvement of Feed Grain Quality Through Dietary
Additives and Supplements

When wheat is substituted for corn in poultry rations, some

problems have been encountered. These problems are usually associated

with a lack of dietary nutrients or lack of availability of nutrients
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or lack of availability of nutrients in wheat as compared to corn.

Specific problems that can occur include decreased growth, feed

efficiency, egg size and pigmentation of yolk or skin. In an effort

to overcome some of these problems, dietary additives and supplements

in the form of dietary fat, amino acids, vitamins, enzymes,

antibiotics and pigments are added to improve the products and responses

of the birds.

1. Animal Fat or Vegetable Oil

One of the problems associated with the feeding of wheat is the

lower metabolizable energy content of wheat as compared to corn. Wheat

has in general, a metabolizable energy content which is about 92 percent

that of corn. And as the protein content in the wheat is raised, there

is a decrease in energy content. That is, there is an inverse

relationship between the protein and energy content of wheat.

Fat is included in rations as a concentrated source of energy.

In addition, added fat improves the physical attributes of the ration.

Improvements in feed efficiency and occasional increases in egg

production attributed to supplementary fat have been shown by Lillie

et al. (1957), Hill et al. (1956), Turk et al. (1958), Treat et al.

(1960), Gerry (1963) and Jackson et al. (1969). There has been evidence

there is an "extra-caloric" effect of dietary fat when included in

growing chick and turkey rations (Rand et al., 1958; Hill et al.,

1958; Dam et al., 1959; Sell and Thompson, 1956; Jensen et al., 1970;

and Sell et al., 1976).

The addition of three percent animal fat to wheat rations was

shown by Arscott (1957) to improve growth and feed efficiency of

broilers. The addition of four percent animal fat to broiler wheat-

based rations resulted in equivalent growth rates to birds fed a corn

control ration (Arscott, 1965). Likewise, turkeys fed soft white

wheat rations supplemented with 4.5 percent animal fat were reported

by Harper and Arscott (1974) to produce equivalent growth rates to a

corn control.

Since corn supplies approximately twice as much linoleic acid
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to a ration as does wheat, Arscott (1965) conducted a chick study to

determine if responses from corn might be due to the presence of linoleic

acid. Safflower oil (containing approximately 70 percent linoleic acid)

was added to a wheat ration to provide either an equivalent amount of

linoleic acid or an equivalent amount of energy to a corn ration.

Results indicated that chicks fed 0.2 percent safflower oil failed to

respond to the same effect as those fed four percent animal fat or

four percent safflower oil. It was concluded that the difference

between corn and wheat was due to the difference in metabolizable

energy.

Pepper et al. (1953) supplemented diets high in wheat with one or

two percent soybean oil and found that there was an increase in weight

at 11 weeks of age. The weight increase was significant and market

finish was noticeably improved in females, but not males.

Jensen et al. (1958) were the first to report that egg weight

and egg size could be improved by the addition of corn oil. Shutze

and Jensen (1963) indicated that linoleic acid in the corn oil was

responsible for the increased size of the egg.

McGinnis (1965) conducted a laying hen experiment with corn and

wheat supplemented with animal tallow or corn oil. The results

indicated that there was no significant difference between the cereal

grains whether tallow or corn oil was added or not, except for the

amount of feed consumed per hen. Tallow or corn oil reduced the amount

of feed consumed. The addition of corn oil had a small effect on the

size of the eggs.

2. Amino Acids

Amino acid supplementation of rations must be handled with care.

Oversupplementation of certain amino acids can cause amino acid

imbalances, antagonisms or toxicities (Harper et al., 1970).

Amino acid imbalances can occur in diets low in protein. If the

second amino acid is added in excess, a growth depression can occur.

This depression can be overcome by supplementing the ration with the

most limiting amino acid. The depressive effect appears to be



21

associated with the level of feed intake. An amino acid antagonism

can occur between amino acids of similar structure. For example,

excesses of leucine can be growth depressing unless isoleucine and

valine are added to the diet. Similarly, excesses of isoleucine and

valine can cause growth depression which is alleviated by adding more

leucine.

The lysine and arginine antagonism is of particular importance in

birds. Excesses of lysine increases the arginine requirements. The

ratio of lysine to arginine cannot be greater than 1.2:1 before growth

depression can occur. Excess arginine has less effect on lysine

requirements, except at deficient levels of lysine. The antagonistic

effect appears to be due to an increased elevation of kidney arginase

activity in the presence of excess lysine. This causes an increased

arginine degradation. It is interesting to note that high levels of

threonine and glycine can reduce arginase. Under these conditions,

arginine breakdown is reduced and chicks fed arginine deficient diets

may show improved growth.

Some amino acids appear to be toxic at high levels. liethionine

is particularly growth depressing at high levels. Tyrosine, phenylal-

anine, tryptophan and histidine can be toxic, but at extremely high

levels (2-4 percent of the diet). Glycine can be toxic if the diet

is deficient in niacin or folic acid.

Interest has been shown in the supplementation of wheat rations

with amino acids. Biely (1973) indicates that the protein and amino

acid composition of wheat varies widely, and is influenced or determined

by genetic and environmental factors. Thus the plant geneticist has

been engaged in the development of a high yield-high-protein-high

amino acid wheat. However, nutritionists in the mean time have been

evaluating the practicability of fortifying wheat with synthetic amino

acids. Review of some of the work on amino acid supplementation has

already been covered in the section on the application of the

nutritional quality of feed grains.

Of the amino acids, lysine has been given particular attention,
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because it is the first limiting essential amino acid in cereal based

rations. Lawrence et al. (1958) reported that there is an inverse

relationship between the protein and lysine content of wheat samples

which have less than 13.5 percent protein. Robinson and Sageman (1968)

noted that this relationship tends to disappear at high levels of

protein in the grain.

There is some disagreement as to the amino acids which follow

lysine as limiting amino acids in wheat. Anderson (1967) reports that

threonine, methionine, arginine and valine follow lysine as limiting

amino acids in wheat protein, while Biely et al. (1970) indicates that

methionine is possibly the second then tryptophan, threonine, isoleucine,

and leucine.

Plant geneticists are confident that they can develop genetic

strains of wheat (and other cereals) of higher protein content than

existent varieties. The possibility of producing wheat strains with a

higher content of lysine than the present available strains must not

be ruled out. In the meantime, synthetic lysine and methionine have

become available in commercial quantities at a price that permits

their used in poultry rations. It is conceivable that in the future

some of the other essential amino acids will become as readily

available as lysine and methionine. If such were the case, then the

need for supplementing high-protein wheat (and other cereals) in

poultry rations with animal or vegetable protein concentrates would

be minimized (Biely et al., (1970).

3. Biotin

Cereals are poor sources of biotin and, with the exception of corn,

where biotin is 100 percent available, availability is low (Whitehead,

1977). Frigg (1976) confirmed that the biotin in corn is fully available,

but found that of six samples of wheat, none of them had biotin which was

available to the chick.

Biotin is essential for the proper functioning of many enzymes in

which it is joined by a molecular bridge of lysine to the protein of

the enzyme. Biotin carries 'activated' carbon dioxide. These enzymes,
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which contain biotin, act in the process of carboxylation and decarbox-

ylation . The transfer of carbon dioxide is involved in the biosyntehsis

of fatty acids and proteins and gluconeogenesis (Tagwerker, 1973; Scott

et al., 1976).

Scott et al. (1976) and other workers have indicated that a

deficiency of biotin in chicks results in dermatitis. The bottoms of

the feed become rough and calloused and contain deep fissures, which

can show some hemorrhaging, The toes may become necrotic and slough

off. Perosis can occur.

Biotin deficiency in laying hens causes a reduction in hatchability

without adversely affecting egg production. Biely and Goudie (1971)

reported that examination of chicks dead in the shell indicated that wheat

rations that they were studying may have been deficient in biotin.

The fatty liver and kidney syndrome (ELKS), which occurs primarily

with broilers and occasionally with replacment pullets, has been

associated with a biotin deficiency. FLKS has most frequently occurred

with birds fed rations containing a high proportion of wheat. Some studies

have suggested that mortality is higher when the ration is low in protein

and fat (Blair et al., 1975; Husbands and Laursen-Jones, 1969).

Harper and Arscott (1974) found nonsignificant improvement in

broiler growth at eight weeks when 30 and 60 ppb biotin were added

to wheat diets. When the four week data was considered, there was a

significant improvement in growth when the birds received the higher

levels of biotin. They further reported that experiments have shown

variability in responses, presumably due to differences in sources of

wheat,

4, Enzymes

The application of enzymes is primarily to improve the utilization

of the energy of the cereal grain, The specific grain component which

interferes with energy utilization has been identified as beta glucan.

The enzyme which has been effective in counteracting the depression of

the utilization of grain energy is beta glucanase, which is an amylase

coming from bacterial and fungal preparations (Titus and Fritz, 1971).
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Results of adding enzymes to poultry rations based on wheat have been

variable. Leong et al. (1960) reported that the addition of a fungal

enzyme significantly improved (10-20 percent) the growth of chicks fed

three samplesof wheat. Autoclaving wheat was reported by Willingham et

al. (1961) to have given some improvement in nutritive value, but with

the addition of enzymes to the treated feeds, there was a significant

improvement in nutritive value.

However, Fry et al. (1958) failed to find improvement in wheat or corn

base rations when a commercial enzyme, Clarase 300, was added to the

rations. The enzyme preparation added to a barley ration significantly

improved growth and feed efficiency. In addition, Adams and Naber

(1969) reported that the supplementation of chick diets with a commerical

enzyme was not effective in improving the nutritive value of corn,

wheat or barley.

5. Antibiotics

Antibiotics are compounds which are biologically produced by certain

plants or microorganisms. They are categorized by the bacteria that

they are effective against. Some are effective against gram negative

bacteria; others against gram positive bacteria and some against a wide

variety of both gram positive and gram negative bacteria. The latter

are termed broad spectrum antibiotics. Certain chemotheropeutic agents,

such as arsenicals and nitrofurans have been found to possess bacterio-

static or bacteriocidal properties and yet are not toxic to the host

animal.

The mode of action of the antibiotics appears to be favoring

either a more efficient utilization or an increased synthesis within the

digestive tract of nutrients. There is evidence for the view that

antibiotics spare proteins, amino acids and vitamins. A number of

experiments have shown that the feeding of antibiotics permitted equal

gains in pigs, chicks and poults on diets containing one to three percent

less protein, but balance experiments have often failed to show an

increased nitrogen retention (Maynard and Loosli, 1969).

Scott et al, (1976) indicate that antibiotics may produce one or
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more of the following effects: (1) they may favor the growth of

nutrient-synthesizing and inhibit that of nutrient-destroying micro-

organisms, (2) they may inhibit the growth of organisms that produce

amounts of ammonia and other toxic nitrogenous waste products in the

intestines, (3) they may improve the availability or absorption of certain

nutrients, (4) they may improve feed or water consumption or both, and/or

(5) they may in many instances prevent or cure actual pathological diseases

which occur either in the intestinal tract, or systemically.

Data reported by McGinnis (1964) indicated that when oleandomycin,

bacitracin or steptomycin were added to wheat rations there was only

a slight response. Blakely and MacGregor (1966) found that when a

poult starter was supplemented with procaine penicillin and oleandomycin,

there was a significant increase in body weight as compared to the

unsupplemented basal ration. They pointed out that the increase in

body weight was not due to an increase in metabolizable energy.

Johnston and Arscott (1974) have reported that an antibiotic

fermentation residue (Vigofac) showed a greater growth response with

wheat-as compared to corn-based broiler rations. It appeared that the

residue product promoted growth primarily by increasing feed comsumption.

An analysis of the gross energy of the droppings suggested that there

was an increased utilization of energy with wheat rations, but not on

corn rations. The antibiotic, zinc bacitracin, was also shown to

improve the availability of energy in wheat rations.

The addition of zinc bacitracin to poult rations has shown responses

for birds fed either corn or wheat based diets (.Raper and Arscott, 1974).

6. Xanthophyll

Xanthophyll supplementation of poultry rations is related to

consumer appeal and not to the nutritional quality of the product. Some

consumers associate yellow skinned broilers and dark yellow or orange

colored yolks in eggs with farm freshness. Pigmentation of the skin of

turkey broilers does not appear to be a factor in turkey marketing (Harper,

0966).

Wheat lacks xanthophyll. Therefore,poultry rations based on wheat
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require a source of xanthophyll to produce pigmented products for consumer

appeal.

Alfalfa meal is a source of xanthophyll; however, its low energy

content makes its use at high levels uneconomical. Until recently,

yellow corn gluten meal was the only high energy carotenoid source

available commercially for pigmentation of broilers and egg yolks.

Now xanthophyll additives provide an alternative way to produce pigmen-

tation in poultry products (Scott et al., 1976).

Arscott (1964) reported that the addition of a xanthophyll

concentrate at levels of 3.9, 7.7 and 15 ppm of diet resulted in a

progressive increase in shank color score. The lowest level of

xanthophyll produced a shank color score comparable with that

obtained when a corn mash was fed from the sixth week, Arscott further

reported that it appeared that the body weights improved from the

addition of xanthophyll; however, this was not substantiated in later

research. Arscott (1965) did further work with xanthophyll supplementation

which indicated that supplemental xanthophyll could be reduced to 2.2

ppm without adversely affecting pigmentation of birds fed wheat based

rations.

Sauter et al. 0970) evaluated the pigmentation of fryers fed all

corn, 75% corn=25% wheat, 25% corn-75% wheat and all wheat rations. One

replicate in each diet containing wheat was supplemented with a commercial

pigment to supply 22 ppm of diet during the last four weeks of each

experiment. Pigmentation was taken on the foot pads of all of the birds

comparing them with a Heiman-Carver color rotor. Birds fed the all-corn

rations had the highest average score - 15.3. Fryers fed diets in which

wheat was substituted for 75% or more of the corn with no added xanthophyll

were significantly lower in color score. Fryers from 75% wheat with no

pigment had an average color score of 9.5 and those from the all wheat

ration, 4.0.
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III, METHODS AND PROCEDURES

Several experiments were conducted in an effort to investigate

methods for examining and expressing the nutritional quality of feed

grains for poultry in the Pacific Northwest. The following were the

procedures involved in the methodological search.

A. General Procedures

1. Rations

Ration formulations were manually calculated. Protein content as

determined by Kjeldahl analysis for feed grains and, when available, for

protein supplements were used in ration calculations.

Oregon State University station ration numbers are noted by four

digits enclosed by parentheses. Occasionally, a small letter follows

the four digits, which denotes a ration modification.

2, Japanese Quail Experiments

The Japanese quail (Coturnix coturnix japonica) used in these

experiments were from the OSU strain, which were originally obtained in

1960 from the Oregon Game Commission, Hermiston, Oregon. Eggs were

set and hatched according to the procedure outlined by Ramachandran (1974).

Quail trials were all of two weeks duration. Feed and water were

Provided ad libitum. Except where noted, chicks were housed 10 chicks

per cage, Replications varied according to experimental design and

will be noted in each respective experiment, In experiments where

diets which would cause stress were fed (such as a low-protein ration),

all birds were fed a station quail starter (Table 1) for a three day

adjustment period, then they were weighed and put on the experimental

diets. A modification of the semipurified ration (28% protein) reported

by Al-Soudi (1970) was included along with the experimental rations as

a control (Table 2), Body weights were taken at the end of two weeks,

3. Chick and Broiler Experiments

Chicks for two, four, and seven week trials were obtained from

Jenks and Fircrest hatcheries in Tangent and Mehama, Oregon, respectively.



28

Two and four week trials were conducted in electrically heated batteries.

Seven week trials were conducted in floor pens heated by infra-red heat

lamps. In general, two and four week studies consisted of ten chicks per

pen. Chicks were equally divided by sex except for the cockerel study.

Treatment replicates varied according to the experimental design. Table

3 shows the composition of the corn control ration used in the broiler

experiments.

In seven week studies, the birds were equally divided by sex for

a total of 24 chicks per pen. Feed and water were provided ad libitum.

Twenty-four hour lights were maintained for all chicks and broiler

experiments. Starter rations were fed the first four weeks, and finisher

rations were fed the remaining three weeks.

Where noted in broiler experiments, shank scores were taken as an

indication of skin pigmentation. Scores were made using a Heiman-Carver

color rotor. Numbers 1 through 12, using the odd numbers on the color

wheel were used to score the shank pigmentation. Scoring was done at the

end of each experiment by randomly selecting five males and five females

from each treatment replicate.

4, Rooster Experiment

Shaver S.C.W.L, roosters were maintained in laying cages, one rooster

per cage, for the purpose of evaluation of the true metabolizable

energy (fl4E) of feed grains. The roosters were fed a station rooster

ration (1241a) and given water intermittently, according to the laying

hen schedule prior to the experimental period.

5. Laying Hen Experiments

Prior to the beginning of lay, S.C.W.L. hens of the normal-sized

and dwarf strains were randomly assigned to laying cages. Numbers of

birds per cage varied according to the experimental design. Normal-

sized hens were of the Babcock-300 strain, and dwarf birds were a cross

between station dwarf males and normal Babcock females. The birds were

on a 14 hour light cycle during the laying period, Water was provided

during eight 15 minute watering periods at approximately two hour

intervals. Feed was provided ad libitum, The experiment commenced when



Table 1. Composition of station Japanese quail starter (1474a).

Ingredient Percent

Corn, yellow 44.20
Animal fat 10.00
Soybean meal (44%) 26.00
Fish meal-herring 13.00
Meat meal with bone 1.00
Feather meal, hydrolyzed 2.00
Alfalfa meal (17%) 2.00
Limestone flour 1.20
Salt, iodized 0.30
Vitamin mix 1-75'

2
0.20

Mineral mix DD-65 0.05
MHA (81%) 0.05

Total 100.00

Calculated Analysis

Protein (%) 27.59
Energy (kcal/kg ME) 3262.63

29

1

Vitamin mix provides per kg ration: vitamin A, 3300 IU; vitamin 14,
1100 ICU; riboflavin, 3,3 mg; d-pantothenic acid, 5.5 mg; niacin, '
22.0 mg; choline, 190.0 mg; vitamin B/, 5.5 mcg; vitamin E, 1.1 IU;
vitamin K, 0.55 mg; folic acid, 0.22 th§; ethoxyquin, 0.06 g.

2
Mineral mix provides per kg ration: Mn, 50 mg; Fe, 2 mg; Cu, 0.2 mg;
Zn, 27.5 mg; Co, 0.2 mg.
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Table 2. Composition of semipurfied Japanesequail control ration
(modification of diet formulated by Al-Soudi, 1970).

Ingredient Percent

Soybean meal (45.85%) 61.10
Cerelose 26.75
Soybean oil 4.00
Salts NI 6.00
Salts N (modfied) 2

0.10
Gordon's mix 0.60
Vitamin A (30,000 IU) 0.03
Vitamin D (26,455 ICU) 0.013
Vitamin E (Myvamix) 0.10
Choline Chloride (50%) 0.60
BHT 0.01
DL-Methionine 0.50
Glycine 0.20

Total 100.00

Calculated Analysis

Protein (%) 28.00
Energy (kcal/kg ME) 2774.90

1

Provides per kg ration: Ca, 12.4 g; P, 8g; Mn, 81.3 mg; Na, 3,8g;
Fe, 33.3 mg; Cu, 4,0 mg; I, 6 mg; K, 3.7 g; Mg, 60 mg; Zn, 72.9 mg and
Cl, 5.8 g.

2
Na,Mo0A.H0 and Na9Se0, in glucose monodehydrate, optional trace
miheraT ex with 5t10 acid 21.9 mg of Mo and Se, respectively.

3
Provides per kg ration: thiamine, 9,6 mg; biotin, 0.36 mg; riboflavin,
9.6 mg; d-pantothenic acid, 24 mg; nicotinic acid, 120 mg; pyridoxine,
9.6 mg; folic acid, 3,6 mg; vitamin B

12'
mcg;2.4 mcg. vitamin K, 1.2 mg.
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Table 3. Composition of corn-soybean control rations for broiler
experiments.

Ingredient Starter
(1496)

Finisher
(1497)

Corn, yellow
Animal fat
Soybean meal (47.5%)

(%)

55.74
4.00
32.25

(%)

60.62
4.00
27.50

Meat and bone meal (50%) 5.00 5.00
Alfalfa meal (17%) 1.00 1.00
Deflourinated phosphate 0.75 0.75
Limestone flour 0.60 0.50
Salt, iodized 0.25 0.25
Vitamin mix 1-75' 0.20 0.202
Mineral mix OD-65 0.05 0.05
DL-Methionine (98%) 0.16 0.13
Baciferm (40g/lb) (0.005) (0.005)
Zoamix (25%) (0.05) (0.05)

Total 100.00 100.00

Calculated Analysis

Protein (%) 22.93 21.11
Energy (kcal/kg ME) 3100.11 3149.27
Calcium (%) 1.17 1.12
Phosphorus (%) 0.81 0,79
Methionine + cystine ( %) 0.90 0.82
Lysine (%) 1.26 1.13

1

See Footnote 1, Table 1,

2
See Footnote 2, Table 1,
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the birds reached about 25 percent egg production. Prior to the start

of the experiment, both normal-sized and dwarf hens received a corn-

soybean meal ration (15.49%).

Egg production, feed consumption, feed per dozen eggs, and mortality

were measured on consecutive 28 day periods. Egg weights were taken

at the start, 2nd, 4th, 6th, 8th and 10th periods. Specific gravity,

which is an indirect measure of egg shell thickness, Haugh units and

Yolk color were measured on three consecutive days at the 6th and 10th

periods, Specific gravity of the eggs was determined by the procedure

outlined by Arscott and Bernier (1961). Internal egg quality (Haugh

units) were measured from two eggs per replicate, and were equal to the

average weight of the eggs in each respective replicate. Yolk color was

determined by a Roche Colour Fan
1
and Haugh units were measured using

an Ames micrometer
2
and calculated using an egg quality slide rule3

designed by A,W, Brant and K.H, Norris of the U.S.D.A.

6. Turkey Poult Experiments

All poult feeding trials were either four or eight week duration.

Four week trials were conducted in electrically heated battery brooders.

Eight week trials were conducted in floor pens with electrically heated

hovers. Feed and water were provided ad libitum. Twenty-four hour

lights were used.

Body weights were taken at two and four weeks for battery experiments,

1

Hoffman-La Roche Inc., Nutley, New Jersey

2
B.C. Ames Company, Waltham, Massachusetts

3
Kaw Company, Trenton, New Jersey
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and at four and eight weeks for the floor pen experiments. Feed

consumption was determined at four and eight weeks for battery and

floor pen experiments, respectively.

7. Turkey Breeder Hen Experiments

In each experiment, 200 Wrolstad medium white turkey hens, 32 weeks

of age, were randomly assigned to 20 floor pens, 10 hens per pen.

Males of the same strain were housed in inside pens of another building.

Artifical light was provided to give a minimum of 14 hours of total

light daily. Semen was obtained from the males after they had been

subjected to five weeks of the lighting program. Hens were inseminated

about three weeks after they had been put on lights. A volume of 0.03

ml of pooled semen was used to inseminate each female. The hens were

inseminated twice the first week and every two weeks thereafter. Eggs

from the hens were collected and set at two week intervals for a total of

nine settings.

Commencing with the date of the artifical lighting, the hens were fed

the experimental rations and given a free access to water. Data collected

included eggs per hen, feed per dozen eggs, fertility and hatchability

(of fertile eggs) and body weight gain.

8, Statistical Methods

Conventional statistical methods for analysis of variance and

multiple comparison (Least and Significant Difference) were used in these

experiments. Procedures for these techniques are well known and widely

used (Snedecor and Cochran, 1973; Steel and Torrie, 1960 and others).

Some experimental designs and techniques for exploratory research

are included in this thesis, which are not commonly used in the animal

sciences, The designs referred to are the full factorial designs, and

response surface optimization techniques. Reference for the use of

these procedures include Davies (1956), Cochran and Cox (1957), Myers

(1976) and Petersen (1976). A discussion of the philosophy and techniques

of the methods are included in Appendix 1 (full factorial designs) and

Appendix 2 (Response Surface Methodology).

Except where noted, all significant differences were considered at



34

the 0.05 level of probability.

B. Evaluation of Energy and Protein Quality

1. Energy

An experiment was conducted to measure the true metabolizable

energy (TME) of Yamhill, Red, Purple and Maxigene wheats using the

Sibbald (1976a) method. There were four replicates for each grain,

plus a starved bird treatment.

The adult roosters were starved for 24 hours. They were then

force-fed 25 grams each of the dry, ground wheat samples. Force-feeding

was accomplished by inserting a transparent polyvinyl tube (10mm x 42cm)

into the crop via the esophagus. A tapered plastic rod was placed in the

plastic tube. A plastic funnel was fused to the top of the tube and a

bevel (65° angle) was made at the other end to facilitate the flow of

feed into the crop and to prevent the feed from being compacted in the

bottom of the tube where it comes in contact with the moisture of the crop.

As the feed was slowly trickled into the funnel, the rod was aggitated in

a short up and down manner. As the last of the feed was put in the funnel,

the tube was slowly withdrawn from the crop and esophagus.

After a 24-hour period, the excreta of the roosters was collected,

dried, weighed, ground and analyzed for gross energy in a Parr Adiabatic

Calorimeter. Moisture and gross energy were also determined for the

feed samples. Calculations were made for the TME and AME of the grains.

In a later experiment, the TME and AME of corn were determined for compar-

itive purposes (Boldaji et al 1978).

2, Protein Quality

Two trials were conducted to evaluate andcompare the Protein

Efficiency Ratio (PER) value of soybean meal, yellow corn, yellow corn

plus 0,75% lysine, and 0,4aarginine, Opaque 2 corn, Maxigeneand Purple

wheat using Japanese quail (trial 1), and turkey poults (trial 2).

There were three replicates for each treatment with ten birds per

replicate in both trials. The rations used in the study are shown in

Table 4, The test grains supplied 6% protein while the premix provided
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12 % protein for a total of 18% protein in the treatment ration. PER

values were calculated from the amount of protein consumed divided by

the body weight of the quail and turkey poults.

A comparison was made between the quail and the poults because of

their similar protein requirements (28% protein). It was reasoned that

the PER values obtained from the Japanese quail might be correlated to

the values obtained from the turkey poults.

C. Utilization of the Nutritional Quality of Feed Grains

As was pointed out in the review of literature, one of the methods

used to evaluate feed grains is to examine the grains as they would be

included in a formulated ration. The following experiments were conducted

to examine several methods of evaluating feed grains in this manner.

1. Replacement of Grain for Corn on a Percentage Basis

A common procedure for evaluating feed grains in practical rations

is to examine their value as a replacement for corn on a percentage basis.

The following are experimental procedures using this method for feed

grain evaluation.

a. Broiler Experiment. Two broiler trials were conducted to

evaluate wheat substitute on a percentage basis with corn. In trial

1. Yamhill wheat was formulated on a 100, 75, and 50 percent replacement

for corn and animal fat in the corn control ration. The corn control

ration is shown in Table 3. The 75 and 50 percent wheat fractions were

made up from a wheat ration, which was supplemented with 6% animal fat.

The corn portion of the rations contained 4% animal fat. Composition

of the 100% wheat ration is shown in Table 5. The 25C:75W and 50C: 50W

rations are shown in Table 6.

In trial 2, Yamhill wheat and Red wheat were compared on a 100%

substitution for the corn and 4% animal fat in the corn control

Composition of the Red wheat ration is shown in Table 7.

Rations were fed to three replicate pens in trial 1 and to two

replicates in trial 2. Shank color scores were taken at the end of each

trial.
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Table 4. Composition of PER test rations for Japanese quail and
turkey poults,

Ingredients Percent

Premix:

Soybean meal (45.85%) 15.30
Isolated Soy Protein (82.4%) 6.10
Soybean oil 4.00
Salts NI

2
6.00

Salts N (mo4fied) 0.10
Gordon's mix' 0.60
Vitamin A (30,000 IU) 0.03
Vitamin D (26,455 ICU) 0.01
Vitamin E

3
(Myvamix) 0,10

Choline Chloride (50%) 0.60
BHT 0.01

Premix Total 32.85

Test grain. cerelose, and other
ingredients as indicated in
experiment treatment, 67.15

15-76-17
1

See Footnote 1, Table 2,
20-76-04

2
See Footnote 2, Table 2,

3
See Footnote 3, Table 2,
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b. Laying Hen Experiment. A laying hen experiment was conducted

involving primarily dwarf layers. The object of the experiment was to

compare Yamhill wheat and feed-grade barley on a substitution basis with

corn. The dwarf layers were fed treatments of corn, feed-grade barley,

barley and corn combination (90:10), Yamhill wheat and Yamhill wheat

supplemented with two percent safflower oil. Corn was added to the barley

ration to supply beta glucanase, an enzyme which is absent in western

barleys. The safflower oil was added for its linoleic acid content.

A corn ration was fed to normal-sized hens for comparison. Ration

compositions are shown in Table 8.

There were four replicates with 22 hens each for the dwarf layers

and two replicates with 23 hens each for the normal-sized hens.

c. Quail Experiment. A quail experiment was conducted to evaluate

the equal weight substitution (100%) of feed grains for corn in Japanese

quail rations. Eight grains were included as treatments. They were

Opaque 2 corn, Yamhill wheat, Purple wheat, Maxigene wheat, Triticale,

Hiproly barley, Lady Godiva barley, and Hannchen barley. A corn ration,

like that for which the grains were substituted, and a semipurified

control ration were included for comparison. The basic, grain ration is

shown in Table 9.

There were ten birds per replicate and three replicates per

treatment after the inital three day adjustment period. Feed consumption

was carefully monitored so that feed conversion could be evaluated.

Body weight represents the body weight gain from the start of the experi-

ment of four days to the fourteenth day.

2. Protein Adjusted Experiments

An alternative procedure to evaluation of feed grains on a percentage

basis for corn in practical rations is the use of protein adjusted rations.

This procedure requires that the protein content of the feed ingredients

be known. This information is obtainable through Kjeldahl protein

analysis. Rations are formulated using the Pearson square method or

simultaneous equation method.

The use of protein adjusted rations has the advantage of using the
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Table 5. Composition of Yamhill wheat rations for broiler experiments.

Ingredient Starter
(1572)

Finisher
(1573)

(%) (%)

Wheat, Yamhill 60.54 65.42
Soybean meal (47.5 %) 31.45 26.70
Meat and bone meal (50%) 5.00 5.00
Alfalfa meal (17%) 1.00 1.00
Deflourinated phosphate 0.75 0.75
Limestone flour 0.60 0.50
Salt, iodized 0.25 0.25
Vitamin mix 1-75' 0.20 0.20

2
Mineral mix DD-65 0.05 0.05
DL-Methionine 0.16 0.13
Baciferm (40g/lb) (0.005) (0.005)
Zoamix (25%) (0.05) (0.05)

Total 100.00 100.00

Calculated Analysis

Protein (%) 23.90 22.16
Energy(kcal/kg ME) 2809.03 2845.40
Methionine + cystine ( %) 0.93 0.85
Lysine (%) 1.34 1.21

15-76-20

1

See Footnote 1, Table 1.
15-77-03

2
See Footnote 2, Table 1.
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Table 6. Composition of broiler rations with wheat replaced on a
percentage basis (25C:75W or 50C:50W) for corn.

Ingredient 25C:75W 50C:50W
Starter
(1584)

Finisher
(1585)

Starter
(1586)

Finisher
(1587)

(%) ( % )

Corn, yellow 13.94 15.15 27.87 30.30
Wheat, Yamhill 41.57 45.39 27.72 30.26
Animal fat 5.50 5,50 5.00 5.00
Soybean meal (47.5%) 30.98 26.08 31.40 26.56
Meat and bone meal (50%) 5.00 5.00 5.00 5.00
Alfalfa meal (17%) 1.00 1.00 1.00 1.00
Deflourinated phosphate 0.75 0.75 0.75 0.75
Limestone flour 0.60 0.50 0.60 0.50
Salt, iodized 1 0.25 0.25 0.25 0.25
Vitamin mix 1-75 0.20 0.20 0.20 0.20
Mineral mix DD -65 0.05 0.05 0.05 0.05
DL-Methionine (98%) 0.16 0.13 0.16 0.13
Baciferm (40g/lb) (0.005) (0.005) (0.005) (0.005)
Zoamix (25%) (0.05) (0.05) (0.05) (0.05)

Total 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 23.12 21.31 23,05 21.25
Energy (kcal/kg ME) 3055.65 3096.21 3070.49 3113.84
Methionine + cystine (%) 0.90 0.92 0.90 0.92
Lysine (%) 1.29 1.15 1.28 1.15

15-76-20
1

See Footnote 1, Table 1.

2
See Footnote 2, Table 1.
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Table 7. Composition of Red wheat rations (100% substitution for corn)
for broiler experiments.

Ingredient Starter Finisher
(1572m) (1573m)

(%)
( %)

Wheat, Red 60.54 65.42
Soybean meal (47.5%) 31.45 26.70
Meat and bone meal (50%) 5.00 5.00
Alfalfa meal (17%) 1.00 1.00
Deflourinated phosphate 0.75 0.75
Limestone flour 0.60 0.50
Salt, iodized 0.25 0.251

Vitamin mix 1-75 0.20 0.20
Mineral mix DD -65 0.05 0.05
DL-Methionine (98%) 0.16 0.13
Baciferm (40 g/lb) (0.005) (0.005)
Zoamix (25%) (0.05) (0.05)
Xanthophyll (AL-15) (0.008) (0.008)

Total 100.00 100.00

Calculated Analysis

Protein (%) 26.19 24.62
Energy (kcal/kg ME) 2759.38 2791.75
Methionine cystine (%) 0.90 0,98
Lysine (%) 1.28 1.40

15-77-03

1

See Footnote 1, Table 1.

2
See Footnote 2, Table 2.



Table 8. Composition of normal-sized (N) and dwarf (D) laying hen rations with grain replaced for corn on a
percentage basis.

Ingredient Corn (N) Corn (D) Barley (0) Barley; (D) Wheat (D) Wheat + (D)
Corn: 90:10 2% Safflower Oil

(1468) (1483m) (1492) (1493) (1494) (1495)

Corn, yellow

(%)

69.60

(%)

68.50

(%)

-

(%)

6.85

(%) (%)

-

Barley, (feed grade) 68.50 61.65 -

Wheat, Yamhill - - - 68.50 66.00
Soybean meal (44%) 19.00 19.00 19,00 19.00 19.00 19.50
Safflower oil - - - - - 2.00
Alfalfa meal (20%) 2.50 2,50 2.50 2.50 2.50 2.50
Limestone flour 3.65 3.65 3.65 3.65 3.65 3.65
Oyster shell, med. 2.50 2.50 2.50 2,50 2,50 2,50
Dicalcium phosphate 2.00 3.00 3.00 3.00 3.00 3.00
Salt, iodized 1 0.50 0.50 0.50 0,50 0,50 0,50
Vitamin mix 1-75', 0.20 0.20 0.20 0.20 0.20 0.20
Mineral mix DD -65 0.05 0.05 0.05 0.05 0.05 0.05
DL-Methionine (98%) - 0.10 0.10 0.10 0,10 0.10
Vitamin D

3
(26,455 ICU) (0.95) (0.95) (0.95) (0,95) (0.95)

Total 100.00 100.00 100.00 100.00 100,00 100.00

Calculated Analysis

Protein (%) 15,18 15,34 14.95 14.96 16,42 16.38
Energy (kcal/kg ME) 2839.22 2817.98 2243.90 2299.65 2622.01 2732.91
Ca (%) 3,09 3.24 3.44 3,44 3.42 3,42
P (%) 0.71 0.92 0.90 0.90 1.06 1,05
Methionie + cystine (%) 0,51 0,36 0.65 0.56 0,63 0.63
Lysing (%) 1,53 0.71 0.81 0,80 0.84 0.85

1
See Footnotes in Table 1. 15-75-12

47.
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Table 9. Composition of test grain rations (100% substitution for corn)
for Japanese quail experiment.

Ingredient Percent

Test grain 32.12
Soybean meal (44,8%) 55.98
Soybeanioil 4.00
Salts N

2
6.00

Salts N (mod4fied) 0.10
Gordon's mix 0.60
Vitamin A (30,000 IU) 0.03
Vitamin D3 (26,455 ICU) 0.01
Vitamin E

3
(Myvamix) 0.10

Choline Chloride (44,1%) 0.38
BHT 0.01
DL-Methionine 0.50
Glycine 0,20

Total 100.03

Calculated Analysis

27.94Protein (%)

15-75-05

1See Footnote 1, Table 2,

2
See Footnote 2, Table 2,

3
See Footnote 3, Table 2,
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protein content of the feed grain to replace supplemental protein. This

allows for the use of more of locally grown grain and less of supplemental

protein sources such as soybean meal.

The following are procedures for experiments conducted to evaluate

feed grains on a protein adjusted basis.

a. Broiler Experiment. A broiler experiment was conducted to

compare Yamhill wheat (10.4% protein) and Red wheat (14.2% protein) on

a protein adjusted basis with a corn control. The wheat rations are

shown in Table 10. Each treatment had two replicates. Shank color scores

were observed at the end of the trial.

b. Laying Hen Experiment. A laying hen experiment was conducted in

which Yamhill wheat was compared on a protein adjusted basis with Yamhill

wheat substituted on a 100% basis for corn and a corn control ration.

Rations are shown in Table 11 for the normal-sized birds and in Table 12

for the dwarf birds.

The birds in the experiment were normal-sized and dwarf White

Leghorn hens. Normal-sized hens were housed one bird per cage and dwarf

hens were housed two birds per cage. Each treatment had four replicates

with a total of 24 and 48 birds per replicate for normal-sized and dwarf

hens, respectively.

c. Turkey Poult Experiment. An experiment was conducted involving

360 medium white turkey poults randomly assigned 30 poults per replicate

with four replicates. The experiment was conducted to compare corn,

Yamhill wheat and Red wheat in rations adjusted for protein and supple-

mented with 2% animal fat. Rations are shown in Table 13.

d. Quail Experiment. From the previous trials using protein adjusted

rations, it became apparent that evaluation of feed grains for poultry on

a protein adjusted basis might be developed into an efficient and

meaningful way of evaluating and expressing the nutritional quality of

feed grains.

Accordingly, a quail trial was conducted to demonstrate the potential

of evaluating feed grains on a protein adjusted basis. The quail were

fed rations consisting of Opaque 2 corn, Yamhill wheat, Red wheat,

Maxigene wheat, Purple wheat, Triticale, Lady Godiva barley, and Hiproly
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Table 10. Composition of Yamhill and Red wheat broiler rations formulated
on a protein adjusted basis with the corn control.

Ingredient Yamhill wheat Red wheat
Starter Finisher
(1578) (1579)

Starter
(1591)

Finisher
(1592)

(%)
(%) (%)

Wheat, Yamhill 63.11 68,19
Wheat, Red 70.42 75.83
Soybean meal (47.5%) 28.88 23.93 21.57 16.16
Meat and bone meal (50%) 5.00 5.00 5.00 5.00
Alfalfa meal (17%) 1.00 1.00 1.00 1.00
Deflourinated phosphate 0.75 0.75 0.75 0.75
Limestone flour 0.60 0.50 0.60 0.60
Salt, iodized 1 0.25 0.25 0.25 0.25
Vitamin mix 1-75 I2 0.20 0.20 0.20 0.20
Mineral mix DD-65 0.05 0.05 0.05 0.05
DL-Methionine (98%) 0.16 0.13 0.16 0.16
Baciferm (40g/ton) (0.005) (0.005) (0.005) (0.005)

Xanthophyll AL-15 (0.05) (0.05) (0.05) (0.05)

Total 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 23.23 21.42 22.90 21.09
Energy (kcal/kg ME) 2826.48 2864.21 2818.37 2850.67
Methionine cystine (%) 0.90 0.82 0.88 0.83
Lysine (%) 1.27 1.14 1.14 1.00

15-77-03
1

See Footnote 1, Table 1.

2
See Footnote 2, Table 1.
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Table 11. Composition of experimental normal-sized laying hen rations.

Type of Ration
Ingredients

Corn
control
(1507)

Wheat
control
(1543)

Wheat
Prot. Adj.
(1565)

Wheat
Low-Protein
(1547)

C%) C%) (%) (%)

Corn, Yellow 69.50
Wheat, Yamhill 69.50 72.20 79.80
Soybean meal (44%) 19,00 19.00 16.20 3.70
Alfalfa meal (17%) 2.50 2.50 2.50 2.50
Deflourinated phosphate 1.90 1.90 1.90 1.90
Limestone flour 3.30 3.30 3.30 3.30

Oyster shell flour 3,30 3.30 3.30 3.30
Salt, iodized 1 0.25 0.25 0.25 0.25
Vitamin mix 1 -75 0,20 0.20 0.20 0.20
Mineral mix DD-65 0.05 0,05 0.05 0.05
DL-Methionine (98%) - 0.10

Total 100,00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 15,50 16.85 15.56 13.16
Energy (kcal/kg ME) 2835,79 2653.70 2677.10 2751.44
Methionine (%) 0.25 0.22 0.30 0.17

Cystine C%) 0.27 0.32 0.31 0.28
Lysine (%) 0.74 0.85 0.77 0.57
Arginine (%) 1,01 1.07 0.99 0.78
Ca C%) 3.23 3.23 3.23 3.21

P C%) 0,69 0,68 0.86 0,86

15-76-15

1

See Footnote 1, Table 1,

2
See Footnote 2, Table 1.
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Table 12, Composition of experimental dwarf laying hen rations,

Ingredients
Type of Ration

Corn
control
(1561)

Wheat
control
(1541)

Wheat
Prot. Adj.
(1563)

Wheat
Low-Protein
(1545)

Corn, yellow

(%)

69.40

(%)

-

(%) (%)

Wheat, Yamhill - 69.40 72.10 79.70
Soybean meal (44%) 19,00 19.00 16.20 8.70
Alfalfa meal (17%) 2,50 2.50 2.50 2.50
Deflourinated phosphate 1.90 1.90 1.90 1.90
Limestone flour 3,30 3,30 3.30 3.30
Oyster shell flour 3.30 3.30 3,30 3.30
Salt, iodized i 0.25 0,25 0.25 0.25
Vitamin mix 1-75' 0,20 0.20 0.20 0.20
Mineral mix DD-65

2
0,05 0.05 0.05 0.05

DL-Methionine (98%) 0,10 0.10 0.20 0,10

Total 100,00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 15.50 16.84 15,55 13.15
Energy (kcal/kg ME) 2832.36 2650.53 2673.93 2748.27
Methionine L%) 0,34 0.31 0,40 0.27
Cystine (%) 0.27 0,32 0,31 0.28
Lysine (%) 0.74 0.85 0.77 0.57
Arginine (%) 1,01 1,07 0,99 0.78
Ca (%) 3,23 3,24 3.23 3.21
P (%) 0,69 0.86 0.86 0.85

15-76-15

1

See Footnote 1, Table 1,

2
See Footnote 2, Table 1,
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Table 13. Composition of Yamhill and Red wheat turkey poult rations
formulated on a protein adjusted basis with the corn control.

Ingredient Corn Yamhill Red

wheat wheat
(2401) (2405) (2406)

Corn, yellow

(%)

46.04

(%) (%)

Wheat, Yamhill 46.69
Wheat, Red 50.69
Animal fat 2.00 2.00
Soybean meal (46.7%) 41.08 38.43 34.43
Fishmeal, herring (72%) 2.50 2.50 2.50
Meat and bone meal (49.5%) 5.00 5.00 5.00
Alfalfa meal (17.9%) 2,50 2.50 2.50
Limestone flour 1.00 1.00 1.00
Dicalcium phosphate 0.75 0.75 0.75
Salt, iodized 0.50 0.50 0.50
Vitamin mix 1-75' 0,40 0.40 0.40

2
Mineral mix DD-65 0.08 0.08 0.08
DL-Methionine (98%) 0.05 0.05 0.05
Roxarsone 0.05 0.05 0.05
Amprolium (25%) 0.05 0.05 0.05
Biotin (100mg/lb) (0.05) (0.05) (0.05)

Total 100.00 100.00 100.00

Calculated Analysis

Protein ( %) 28.33 28.04 28.27
Energy (kcal /kg ME) 2805,83 2778.44 2764.03

20-77-04

1

See Footnote 1, Table 1.

2
See Footnote 1, Table 1.
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barley. Semipurified and corn rations were fed as control rations. All

rations are shown in Table 14.

Each treatment consisted of three replicates with 10 birds per

replicate. There was no ration adjustment period for the birds, because

the diets were not considered to be a stress on the birds.

Feed wastage was carefully controlled so that feed conversion could

be evaluated.

3. Low-Protein Rations Supplemented with Amino Acids.

Another method of formulating rations is to use low-protein rations

supplemented with amino acids. As was pointed out in the review of

literature, the better the amino acid balance, the lower the requirement

will be for the dietary protein of the bird (Bornstein and Liptein, 1975).

By lowering the protein content of the ration, the grain becomes an

important source of protein (as in the case of protein adjusted rations,

but even more so) because less supplemental protein is used. Again, the

higher the protein content of the grain, the more supplemental protein

is replaced.

The following experiments were conducted to investigate the use of

low-protein rations for broilers and laying hens.

a. Broiler Experiment. A four week broiler battery brooder

experiment was conducted using feather sexed-Hubbard broiler chicks fed

low-protein wheat rations (18% protein) supplemented with methionine,

lysine and threonine. The supplemented amino acids, plus the amino acids

in the basal ration, were formulated to meet the amino acid requirements

of a 23% protein ration (National Research Council, 1971).

Two wheats were tested - Yamhill wheat (10.4% protein) and Red

wheat (14.2% protein). Basal rations are shown in Table 15. Supplements

of 0.19% methionine, 0.33% lysine, and 0.15% threonine were added to the

calculated amino acid levels in the Yamhill wheat low-protein ration.

Again, the supplements were added to meet NRC broiler ration requirements.

There were three replicates for each treatement with 10 chicks per repli-

cate.

b. Laying Hen Experiment. A laying hen experiment was conducted in



Table 14. Composition of protein adjusted rations for testing feed grains with Japanese quail.

Ingredient Ration

1 2 3 4 5 6 7 8 9 10

Cerelose

(%)

28.90

(%) (%) (%) (%) (%) (%) (%) (%) (%)

Corn, yellow (8.9%) 36.50
Corn, Opaque 2 (11.4%) 39.10
Wheat, Yamhill (10.4%) 37.80
Wheat, Red (14.2%) 42,30
Wheat, Purple (16.6%) 45,60
Wheat, Maxigene (14.5%) 42.70
Triticale (14.1%) 42.20
Barley, Hiproly (19.8%) 50.90
Barley, Lady Godiva (10.2%) 37.80
Soybean meal (47.5%) 58.93 52.10 49.50 50.80 46.30 43.00 45.90 46.40 37.70 50.80
Soybeanloil 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4,00 4.00
Salts N

1
6.00 6.00 6.00 6.00 6,00 6.00 6,00 6.00 6,00 6.00

.

Salts N (Modified) 0.10 0,10 0.10 0.10 0.10 0,10 0.10 0.10 0,10 0.10
Gordon's mix 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0,60 0,60 0.60
Vitamin A (30,000 IU) 0,03 0.03 0.03 0,03 0.03 0,03 0,03 0.03 0,03 0.03
Vitamin D (26,455 ICU) 0,01 0,01 0.01 0,01 0.01 0.01 0,01 0.01 0.01 0.013
Vitamin E (Myvamix) 0,10 0,10 0.10 0.10 0,10 0.10 0,10 0,10 0.10 0.10
Choline Chloride (50%) 0,60 0.60 0.60 0.60 0.60 0.60 0,60 0.60 0.60 0.60
BHT 0,01 0.01 0.01 0.01 0.01 0,01 0.01 0.01 0.01 0.01
DL-Methionine (98%) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Glycine 0.20 0.20 0.20 0.20 0.20 0,20 0,20 0.20 0.20 0.20

1
See Footnotes in Table 2.

15-77-22
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which dwarf and normal-sized laying hens were fed Yamhill wheat rations

formulated to be low in protein (13%) and supplemented with or without

0.1% lysine and/or 0.1% methionine. Performance of the hens fed these

low-protein rations with and without amino acids was compared with the

performance of birds fed a corn control and birds fed a wheat based

ration (wheat substituted on a 100% basis with the corn in the corn

control ration). Composition of these rations are shown in Table 11 for

normal-sized birds and in Table 12 for dwarf birds.

There were four replicates of each treatment. Twenty-four hens

were randomly assigned per normal-sized hen replicate (one bird per cage)

and fourty-eight birds were randomly assigned to the dwarf hen replicates

(two birds per cage).

D. Improvement of Feed Grain Quality Through Dietary
Additives and Supplements

In addition to the evaluation of new feed grains as components of

formulated rations, feed grains are often evaluated on the basis of

biological responses that are produced when the grains are combined

with dietary additives and/or supplements.

The experiments reported herein often involve two or more dietary

additives or supplements. Therefore, rather than categorizing the

experiments by the type of dietary factors, the experiments are

categorized according to the type of approach taken in the statistical

design of the experiment. It is believed that this is an appropriate,

as well as valuable, approach to the evaluation of these experiments.

The researcher is often faced with a number of dietary factors to

be screened and evaluated as potential additives or supplements for

poultry feed grains. Advancements have been made in the area of

experimental design to aid the researcher. While this thesis is not

a treatise on experimental design, the use of efficient statistical

designs as biological evaluation tools should not be overlooked.

Two advancements, full factorial experiments, and Response Surface

Methodology (mathematical optimization), will be considered for evaluation



Table 15. Composition of corn and wheat control and low-protein (18%) basal rations for broiler chicks.

Ingredients Corn control Yamhill wheat Red wheat Yamhill wheat Red wheat
control control Low-Protein Low-Protein

(1688) (1689) (1690) (1691) (1692)

Corn, yellow

(%)

56.79

(%) (%) (%)

-

(%)

-

Wheat, Yamhill 59.11 72.64
Wheat, Red - 65.85 - 80.92
Soybean meal (47.5%) 37.06 34.74 28.05 21.26 12.98
Alfalfa meal (17.0%) 2.00 2.00 2.00 2.00 2.00
Limestone flour 1.60 1.60 1.60 1.60 1.60
Deflourinated phosphate 1.90 1.90 1.90 1.90 1.90
Salt, iodized i 0.30 0.30 0.30 0.30 0.30
Vitamin mix 1-75', 0.20 0.20 0.20 0.20 0.20
Mineral mix DD-65 0.05 0.05 0.05 0.05 0.05
DL-Methionine (98%) 0.05 0.05 0.05 0.05 0.05
Amprolium (25%) 0.05 0.05 (0.05) (0.05) (0.05)

Total 100.00 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 23.01 23.27 23.03 18.33 18.01
Energy (kcal/kg ME) 2894.58 2761.54 2754.56 2854.66 2844.52
Methionine + cystine (%) 0.81 0.81 0.79 0.67 0.64
Lysine (%) 1.26 1.28 1.17 0.92 0.78
Threonine (%) 0.95 0.86 0.88 0.65 0.68

1
See Footnotes in Table 1. 15-77-05
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of multifactor experiments after examining the results of experiments

evaluated by conventional analysis of variance procedures.

1. Conventional Analysis of Variance

a. Broiler Experiments. The purpose of each experiment was to

evaluate the performance of broilers fed wheat rations supplemented

with dietary additives believed to be beneficial. Accordingly,

additives were used singly or in combination with other supplements.

The control ration was a practical broiler diet based on corn supplemented

with four percent animal fat and 4.4 ppm zinc bacitracin. All wheat

based rations contained either a minimum of 4.4 or a maximum of 55 ppm

zinc bacitracin.

In the first experiment, an attempt was made to improve skin

pigmentation through supplementation of wheat rations with a commercial

source of xanthophyll. Additions of 0, 2.2, and 4.4 ppm xanthophyll

were made to Yamhill wheat rations.

Broilers were also fed Yamhill wheat based rations supplemented

with fat (0, 4,and 6 percent), zinc bacitracin (55 ppm) alone or in

combination with fat, on an equal weight basis or on a protein adjusted

basis with corn.

A commercial enzyme concentrate was added to wheat rations. The

commercial concentrate was derived from the fermentation of Aspergillus

oryzae and Bacillus subtilis on a wheat bran base.

In the second experiment, higher levels of xanthophyll (0, 5.5,

and 11 ppm) were added to wheat rations. Also, zinc bacitracin (55 ppm)

was added in combination with 0, 4,and 6 percent animal fat to Yamhill

wheat rations.

A comparison was made between Yamhill and Red wheats on an equal

weight and protein adjusted basis supplemented with zinc bacitracin and

various levels of animal fat (0, 4, and 6 percent).

Rations for the Yamhill wheat diets are shown in Table 16 and

Table 17. Red wheat rations on a protein adjusted basis and supplemented

with animal fat are shown in Table 18. Rations were fed to birds in

three replicate pens in experiment one and in two replicate pens in
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experiment two. Shank color scores were observed in both experiments.

b. Turkey Poult Experiments. Animal fat was added to Red wheat

based rations at levels of 0, 2, and 4 percent to ascertain the effect

of added energy to the wheat ration. Composition of the poult rations is

shown in Table 19. Three replicates of 40 Wrolstad medium white poults

per replicate were fed each of the rations. Body weight and feed conver-

sion were observed at the end of eight weeks.

Two experiments were conducted with corn, Yamhill and Red wheat

with the addition of a commercial enzyme, Nopgro. Basal rations for

these experiments are shown in Table 20 for the Yamhill and Red wheat

and corn rations. Nopgro was added at 0.4 percent to each of the Nopgro

treatments.

Three replicates of 20 Wrolstad medium white poults were fed each

of the rations in each of the experiments. Body weights and feed

conversion were taken at the end of eight weeks.

c. Turkey Breeder Hen Experments. Two experiments involving

Wrolstad medium white turkey breeder hens were conducted to examine the

effect of Nopgro on the production parameters of the hens. In the

first experiment, corn and white western wheat, supplemented and

unsupplemented with the commercial enzyme, were fed to the turkey hens.

In the second experiment, turkey hens were fed corn and Red wheat,

supplemented and unsupplemented with the commercial enzyme. Rations

for the White Western and Red wheat experiments are shown in Tables

21 and 22, respectively.

In both experiments, there were five replicates of ten hens which

were fed one of the four experimental rations. Data collection

commenced as outlined in the general procedures.

2. Full Factorial Experiments

Two exploratory experiments were conducted with Japanese quail and

broiler chicks using full factorial experimental designs to screen

dietary factors and their interactions in Yamhill wheat based rations.

Figure 1, taken from Petersen (1976), shows the experimental design of

a 2
5
full factorial experiment which was used in the tests. An examination



Table 16. Composition of Yamhill wheat broiler rations (100% substitution for corn) supplemented with
animal fat.

Animal Fat (%)

Starter
(1572)

0

Finisher
(1573)

Starter
(1574m)

4

Finisher
(1575m)

Starter
(1576m)

6

Finisher
(1577m)

(%) (%) (%) (%) (%) (%)

Wheat, Yamhill 60.54 65.42 55.74 60.62 53.34 58.22
Animal Fat - - 4.00 4.00 6.00 6.00
Soybean meal (47.5%) 31.45 26.70 32.25 27.50 32.65 27.90
Meat and bone meal (50%) 5,00 5.00 5.00 5,00 5,00 5.00
Alfalfa meal (17%) 1.00 1.00 1.00 1.00 1.00 1,00
Deflourinated phosphate 0.75 0.75 0.75 0.75 0.75 0.75
Limestone flour 0.60 0.50 0.60 0.50 0.60 0.50
Salt, iodized 0.25 0.25 0,25 0.25 0.25 0.25
Vitamin mix 1-75 0.20 0.20 0.20 0.20 0.20 0,20
Mineral mix DD-651 0.05 0.05 0.05 0.05 0.05 0,05
DL-Methionine (98%) 0.16 0.13 0.16 0.13 0,16 0.13
Baciferm (40 g/lb) (0.005) (0.005) (0.005) (0,005) (0,005) (0.005)
Zoamix (25%) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

Total 100,00 100.00 100,00 100,00 100.00 100,00

Calculated Analysis

Protein (%) 23,90 22.16 24.02 22.29 23,95 22.22
Energy (kcal/kg ME) 2809,03 2845,40 2954.08 2990.45 3026,60 3062.97
Methionine + cystine (%) 0.93 0.85 0.92 0,84 0,92 0,84
Lysine (%) 1,33 1.21 1.35 1.22 1,35 1,22

1 15-76-20See Footnotes in Table 1.
15-77-03



Table 17. Composition of Yamhill wheat broiler rations formulated on a protein adjusted basis with the
corn control and supplemented with animal fat.

Ingredient

Animal Fat %

Starter
(1578)

0

Finisher
(1579)

Starter
(1580)

4

Finisher
(1581)

Starter
(1582)

6

Finisher
(1583)

(%) (%) (%) (%) (%)

Wheat, Yamhill 63.11 68.19 57.99 63.07 55.43 60.51

Animal fat - - 4,00 4.00 6.00 6.00

Soybean meal (17%) 28.88 23.93 30.00 25.05 30.56 25.61

Meat and bone meal (50%) 5,00 5.00 5.00 5.00 5.00 5.00

Alfalfa meal (17%) 1.00 1.00 1.00 1.00 1.00 1.00

Deflourinated phosphate 0.75 0.75 0.75 0.75 0.75 0.75

Limestone flour 0.60 0.50 0.60 0,50 0.60 0.50
Salt, iodized i 0.25 0.25 0.25 0.25 0.25 0.25

Vitamin mix 1-7511 0.20 0.20 0.20 0.20 0.20 0.20

Mineral mix DD-65 0.05 0.05 0.05 0,05 0,05 0.05
DL-methionine 0.16 0.13 0.16 0.13 0,16 0.13
Baciferm (40g/lb) (0,005) (0.005) (0.005) (0.005) (0,005) (0.005)

Zoamix (25%) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 23.23 21.42 23.19 21.39 23.18 21.38
Energy (kcal/kg ME) 2826.48 2864.21 2969.35 3007.08 3040.79 3078.52
Methionine + cystine (%) 0.90 0.82 0.90 0.82 0.90 0.82
Lysine (%) 1.27 1.14 1.29 1.15 1.29 1.16

1
See Footnotes in Table 1.

15-76-20



Table 18. Composition of Red wheat broiler rations formulated on a protein adjusted basis with the
corn control and supplemented with animal fat.

Ingredient
Animal Fat %

Starter
(1591)

0

Finisher
(1592)

Starter
(1593)

4

Finisher
(1594)

Starter
(1595)

6

Finisher
(1596)

(%)
(%) (%) (%) (%) (%)

Wheat, Red 70.42 75.83 64.71 70.12 61.86 67.27
Animal fat 4,00 4.00 6.00 6.00

Soybean meal (47.5%) 21.57 16.16 23.28 17.87 24.13 18.72

Meat and bone meal (50%) 5.00 5.00 5.00 5.00 5.00 5.00
Alfalfa meal (17%) 1.00 1.00 1.00 1.00 1.00 1.00

Deflourinated phosphate 0.75 0.75 0.75 0.75 0.75 0.75
Limestone flour 0.60 0.60 0.60 0.60 0.60 0.60
Salt, iodized 1 0.25 0.25 0.25 0,25 0.25 0.25
Vitamin mix 1-75', 0.20 0.20 0.20 0.20 0,20 0.20
Mineral mix DD-65' 0.05 0.05 0.05 0.05 0.05 0.05
DL-methionine (98%) 0.16 0.16 0.16 0.16 0.16 0.16
Baciferm (40g/lb) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Zoamix (25%) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Xanthophyll AL-15 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 22.90 21.09 22.90 21.10 22.90 21.10
Energy (kcal/kg ME) 2818.37 2850.67 2961.92 2994.22 3033.73 3066.02
Methionine + cystine 0.88 0.83 0.88 0.83 0.88 0.82
Lysine (%) 1.14 1.00 1.17 1.03 1.18 1.04

1See Footnotes in Table 15-77-03
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Table 19. Composition of turkey poult rations based on corn and Red
wheat with supplemented animal fat.

Ingredient Corn
(2401)

Wheat
(2402)

Wheat
+ 2% AF
(2403)

Wheat
+ 4% AF
(2404)

(%) (%) (%) (%)

Corn, Yellow 46.05
Wheat, Red 53.55 50.70 47.83
Animal fat - 2.00 4.00
Soybean meal (46.7%) 41.07 33.57 34.43 35.30
Fishmeal, herring 2.50 2.50 2.50 2.50
Meat and bone meal (49.5%) 5.00 5.00 5.00 5.00
Alfalfa meal (17.9%) 2.50 2.50 2.50 2.50
Limestone flour 1.00 1.00 1.00 1.00
Dicalcium phosphate 0.75 0.75 0.75 0.75
Salt, iodized 1 0.50 0.50 0.50 0.50
Vitamin mix 1-75'

2
0.40 0.40 0.40 0.40

Mineral mix DD-65 0.08 0.08 0.08 0.08
DL-methionine (98%) 0.05 0.05 0.05 0.05
Roxarsone 0.05 0.05 0.05 0.05
Amprolium (25%) 0.05 0.05 0.05 0.05
Biotin (100mg/lb) (0.03) (0.03) (0.03) (0.03)

Total 100.01 100.01 100.01 100.01

Calculated Analysis

Protein (%) 28.33 28.27 28.27 23.28
Energy (kcal/kg ME) 2805.83 2692.29 2764.06 2835.74

20-77-02

1

See Footnote 1, Table 1.

2
See Footnote 2, Table 1.
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Table 20. Composition of turkey poult basal rations based on corn,
Yamhill and Red wheats.

Ingredient Corn Yamhill Red

(2100) wheat wheat
(2200) (2200m)

Corn, Yellow

(%)

42.15

(%) (%)

Wheat, Yamhill 42.15
Wheat, Red - 50.00
Soybean meal (47.5%) 45.00 45.00 37.12
Fish meal (70%) 2.50 2.50 2.50
Meat and bone meal (50%) 5.00 5.00 5.00
Alfalfa meal (18%) 2.50 2.50 2.50
Limestone flour 1.00 1.00 1.00
Dicalcium phosphate 0.75 0.75 0.75
Salt, iodized 1 0.50 0.50 0.50
Vitamin mix 1-75' 0.40 0.40 0.40

2
Mineral mix DD-65 0.05 0.05 0.08
DL-methionine (98%) 0.05 0.05 0.05
Roxarsone 0.05 0.05 0.05
Amprolium (25%) 0.05 0.05 0.05
Biotin (100 mg/lb) - - (0.05)

Total 100.00 100.00 100.00

Calculated Analysis

Protein (%) 28.72 29.55 28.53
Energy (kcal/kg ME) 2648.47 2538.04 2570.87

20-76-01

1

See Footnote 1, Table 1.
20-76-03

2
See Footnote 2, Table 1.
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of the layout of the 32 pens shows that a single replication was made

of each of the factors and combinations of the factors. The use of the

term single replication for these experiments may be misleading. There

was hidden replication for each factor (main order factors) and two

factor interactions (first order factors). To illustrate, each main

factor appeared 16 times in the treatments, and 16 times each factor

was absent from the treatments. Therefore, there was a hidden replication

of each factor when it was in the ration (16 times) and when it was

absent (16 times). First order interactions were present eight times,

and absent eight times in the treatments. The calculation of the analysis

of variance was based on the consideration of these hidden replications.

A more complete explanation of the technique is made in Appendix 1.

Calculation of the sums of squares for the tests were determined using a

computer program obtained from Barnes and Petersen (1977).

A comparison was made with two replicates each of birds fed a corn

and a semipurified ration for the quail and three replicates of a corn

ration fed to birds in the broiler chick experiment.

a. Japanese Quail Experiment. Three hundred forty Japanese quail

chicks were randomly assigned to 36 pens with eight birds per pen. In

32 of the pens the birds were fed a Yamhill wheat based ration (28%

protein) supplemented with soybean oil, biotin, Nopgro, xanthophyll,

and zinc bacitracin. Soybean oil was added as an energy source, biotin

because wheat is low in available biotin, Nopgro for its amyolytic activ-

ity, xanthophyll to see if a growth response would result as was implied

in previous broiler studies, and zinc bacitracin for its antibiotic

activity. Additions were 4% soybean oil, 0.30 ppm biotin, 2000 ppm Nop-

gro (equivalent to 4 lb/ton), 11 ppm xanthophyll, and 55 ppm zinc

bacitracin for the experimental rations. Composition of the basal

wheat ration is shown in Table 23. Two replicates of a corn control,

Table 24, and a semipurified control, Table 2, were fed to the remaining

four pens for comparison.

b. Broiler Chick Experiment. Three hundred sixty feather sexed

Hubbard broiler chicks were randomly assigned to 36 pens with five males
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Table 21. Composition of turkey breeder rations based on corn and
White Western wheat supplemented with and without an
enzyme.

Ingredients Corn Corn + Wheat Wheat +
(2020) enzyme (2021) enzyme

(2020m) (2021m)

Corn, Yellow

(%)

75.00

(%)

75.00

(%)

-

(%)

Wheat, White Western - - 75.00 75.00
Soybean meal (44%) 5.30 5.30 5.30 5.30
Meat and bone meal (50%) 10.00 10.00 10.00 10.00
Whey, dried (17%) 2.50 2.50 2.50 2.50
Alfalfa meal (17%) 2.50 2.50 2.50 2.50
Limestone flour 2.00 2.00 2.00 2.00
Dicalcium phosphate 2.00 2.00 2.00 2.00
Salt, iodized 0.25 0.25 0.25 0.25
Vitamin mix 1-7

5
' 0.35 0.35 0.35 0.35
2

Mineral mix DD-65 0.05 0.05 0.05 0.05
DL-methionine (98%) 0.05 0.05 0.05 0.05
Nopgro (enzyme) - (0.20) (0.20)

Total 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 14.88 14.88 16.00 16.00
Energy (kcal/kg ME) 2959.58 2959.58 2763.08 2763.08
Calcium (%) 2.44 2.44 2.47 2.47
Phosphorus (%) 1.24 1.24 1.22 1.22
Lysine (%) 0.70 0.70 0.78 0.78
Methionine (%) 0.30 0.30 0.26 0.26
Cystine (%) 0.25 0.25 0.25 0.25

20-76-02

1See Footnote 1, Table 1

2
See Footnote 2, Table 1.
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Table 22. Composition of turkey breeder rations based on corn and
Red wheat supplemented with and without an enzyme.

Ingredients Corn Corn + Wheat Wheat +
(2030) enzyme (2040) enzyme

(2031) (2041)

Corn, Yellow

(%)

75.00

(%)

75.00

(%)

-

(%)

Wheat, Red 82.15 81.95
Soybean meal (44%) 5.75 5.55 - -

Soybean oil - 2.00 2.00
Meat and bone meal (50%) 10.00 10.00 5.00 5.00
Whey, dried (17%) 2.50 2.50 2.50 2.50
Alfalfa meal (17%) 2.50 2.50 2.50 2.50
Limestone flour 3.50 3.50 4.00 4.00
Dicalcium phosphate - 1.00 1.00
Salt, iodized 0.30 0.30 0.35 0.351

Vitamin mix 1,375 0.35 0.35 0.40 0.40
Mineral DD -65 0.05 0.05 0.05 0.05
DL-methionine (98%) 0.05 0.05 0.05 0.05
Nopgro (enzyme) 0.20 0.20

Total 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 15.18 15.08 15.01 15.00
Energy (kcal/kg ME) 2969.57 2965.13 2826.63 2820.61
Calcium (%) 2.58 2.58 2.45 2.45
Phosphorus (%) 1.00 1.00 0.87 0.87
Lysine (%) 0.72 0.71 0.59 0.59
Methionine (%) 0.30 0.30 0.25 0.25
Cystine (%) 0.26 0.26 0.20 0.20

20-77-01

1

See Footnote 1, Table 1.

2See Footnote 2, Table 1.
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and five females per pen. In 32 of the pens, the broilers were fed

Yamhill wheat based rations (23% protein) supplemented with 4% animal

fat, biotin, Nopgro, xanthophyll and zinc bacitracin. Amounts in the

ration were the same as for the quail experiment which involved the

same variables (with the exception of animal fat which was substituted

for soybean oil, and biotin, .110 ppm). Table 25 shows the composition

of the basal ration and the basal plus 4% animal fat ration.

3. Response Surface Experiments

Response surface methods offer another type of exploratory research

strategy. The method adds perspective to multifactor research by

allowing the experimentor to visually (or mathematically) observe and

gain an understanding of the nature of responses obtained from the

simultaneous variation of several factors. The usual objective of the

experiment is to find the levels of the factors of interest which will

give an optimum response.

An explanation of the philosophy and technique are given in Appendix

Response surface methods were applied to the analysis of the

relationship between dietary protein and animal fat in poultry rations.

In each trial, the experimental design was a central composite rotational

design with five center points (see Figure 1 in Appendix 2). The outside

points were replicated twice, and the center point, five times.

Regression analysis was conducted using all 21 points in the

design on the OSU SIPS (Statistical Interactive Programming System)

program. Determination of the stationary points and yields at the

stationary point were determined on the OSCAR (Oregon State Conversational

Aid to Research) system. Plotting of response surface contours were

made on a HP 9825A calculator, and a HP 9862A plotter, using a program

designed for plotting contours of quadratic equations (Butler, 1978).

a. White Leghorn Cockerel Experiment. Two trials were conducted

to find the level of protein and added animal fat, which would give an

optimum body weight and feed conversion for White Leghorn cockerels fed

corn and Yamhill wheat rations.
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Table 23. Composition of Japanese quail rations (1694) based on
Yamhill wheat and used in full factorial experiments.

Ingredient Percent

Wheat, Yamhill 43.68
Soybeanlmeal (47.5%) 49.44
Salts N

2
6.00

Salts N (mod4fied) 0.10
Gordon's mix 0.60
Vitamin A (30,000 IU) 0.03
Vitamin D (26,455 ICU) 0.01

Vitamin E3(Myvamix) 0.10
Choline chloride (50%) 0.03
BHT 0.01

Total 100.00

Calculated Analysis

Protein (%) 28.03
Energy (kcal/kg ME) 2614.34

1

See Footnote 1, Table 2.
15-77-15

2
See Footnote 2, Table 2.

3
See Footnote 3, Table 2.



65

Table 24. Composition of Japanese quail rations (1693) based on corn
and used for comparison in full factorial experiments.

Ingredient Percent

Corn 41.11
Soybeanlmeal (47.5%) 51.31
Salts N 6.00
Salts N (modified)' 0.10
Gordon's mix 0.60
Vitamin A (30,000 IU) 0.03
Vitamin D, (26,455 ICU) 0.01
Vitamin EJ(Myvamix) 0.10
Choline chloride (50%) 0.03
BHT 0.01

DL-methionine (98%) 0.50
Glycine 0.20

Total 100.00

Calculated Analysis

Protein (%) 28.03
Energy (kcal/kg ME) 2687.18

15-77-15

1
See Footnote 1, Table 2.

2
See Footnote 2, Table 2.

3
See Footnote 3, Table 2.
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Table 25. Composition of broiler chick rations based on Yamhill wheat
and supplemented with and without animal fat for use in
full factorial experiments.

Ingredient Wheat Wheat +
(1649) 4% AF

(1648)

(%) (%)

Wheat, Yamhill 58.94 53.75
Animal fat - 4.00
Soybean meal (47.5%) 34.96 36.15
Alfalfa meal (17%) 2.00 2.00
Deflourinated phosphate 1.90 1.90
Limestone flour 1.60 1.60
Salt, iodized 1 0.30 0.30
Vitamin mix 1-75' 0.20 0.20

2
Mineral mix DD-65 0.05 0.05
Amprolium (25%) 0.05 0.05

Total 100.00 100.00

Calculated Analysis

Protein (%) 23.08 23.10
Energy (kcal/kg ME) 2761.00 2904.00
Methionine + cystine (%) 0.81 0.81

Lysine (%) 1.29 1.30

15-77-20

1

See Footnote 1, Table 1.

2
See Footnote 2, Table T.
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In each trial, 210 cockerels were randomly assigned to 21 battery

brooder pens. The center point of the design was 23 percent protein

and four percent added animal fat. Table 26 shows the coded and actual

levels of protein and animal fat added. Tables 27 and 28 show the compo-

sition of the corn and Yamhill wheat rations, respectively.

Body weights were determined weekly for four weeks. On the fourth

week, feed consumption was determined and feed conversion calculated.

b. Turkey Poult Experiment. An experiment was conducted to find

the level of protein and added animal fat which would give an optimum

body weight and feed conversion for large white poults fed Yamhill

wheat rations.

In the experiment, 210 poults were randomly assigned to 21

battery brooder pens, 10 birds per pen. An additional 30 birds were

put in three pens, 10 birds per pen and fed a reference diet.

The center point of the experimental design was 28 percent protein,

and three percent animal fat. Table 29 shows the coded and actual

levels of protein and fat added to the wheat ration. Table 30 shows the

composition of the diets used in the experiment.

Body weight was determined at the second and fourth week. On the

fourth week, feed consumption was determined and feed conversion

calculated.
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Table 26. Levels of factors and coded levels for White Leghorn cockerels
fed rations of varying protein and fat levels.

Factor
Coded Value

-1.414 -1.000 0.000 1.000 1.414

Protein (%)

Fat (%)

15.9

0.0

18.0

1.2

23.0

4.0

28.0

6.8

30.1

8.0

15-77-23



Table 27. Composition of SCWL cockerel RSM rations based on corn and varying in protein and fat percentage.

Ration
1

Ingredient
2 3 4 5 6 7 8 9

(%) (%) (%) (%) (%) (%) (%) (%) (%)

Corn, Yellow 68.26 42.36 61.37 35.47 70.26 33.47 56.78 46.94 51.87

Soybean meal (47.5%) 24.39 50.29 25.68 51.58 19.59 56.38 37.07 38.91 37.98

Animal fat 1.20 1.20 6.80 6.80 4.00 4.00 8.00 4.00

Alfalfa meal (17%) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Limestone flour 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60

Deflourinated phosphate 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90

Salt, iodized 2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Vitamin mix 1-75 0.20 0.20 0.20 0.20 0.20 0.20 0,20 0.20 0.20

Mineral mix DD-65
3

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

MHA (80%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Amprolium (25%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 18.00 28.00 18.00 28.00 25.90 30.10 23.00 23.00 23.00

Fat (% added) 1.20 1.20 6.80 6.80 4.00 4,00 0.00 8.00 4.00

1
Ration numbers correspond to treatment numbers for the central composite rotational design,

2
See Footnote 1, Table 1.

15-77-23

3
See Footnote 2, Table 1,

UD



Table 28. Composition of SCWL cockerel RSM rations based on Yamhill wheat and varying in protein and fat
percentage.

Ingredient Ration'

1 3 4 5 6 7 8 9

(%) (%) (%) (%) (%) (%) (%) (%) (%)

Wheat, Yamhill 70,64 43.83 63.51 36.70 72.71 34,64 58,77 48.58 53.67
Soybean meal (47.5%) 22,01 48.82 23.54 50.35 17.14 55.21 35.08 37.27 36.18
Animal Fat 1.20 1,20 6.80 6.80 4.00 4,00 0.00 8.00 4,00
Alfalfa meal (17%) 2,00 2.00 2.00 2.00 2,00 2,00 2.00 2.00 2,00
Limestone flour 1.60 1.60 1.60 1.60 1,60 1.60 1.60 1.60 1.60
Deflourinated phosphate 1.90 1.90 1.90 1.90 1.90 1.90 1,90 1.90 1.90
Salt, iodized 9 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0,30 0.30
Vitamin mix 1-75`

3
0.20 0.20 0,20 0.20 0.20 0.20 0.20 0.20 0.20

Mineral mix DD-65 0,05 0.05 0.05 0.05 0.05 0,05 0.05 0.05 0.05
MHA (80%) 0.05 0.05 0.05 0.05 0.05 0.05 0,05 0.05 0.05
Amprolium (25%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0,05 0.05

Total 100.00 100,00 100.00 100.00 100.00 100,00 100,00 100,00 100,00

Calculated Analysis

Protein (%) 18,00 28,00 18.00 28,00 15.90 30,10 23.00 23,00 23.00
Fat (% added) 1.20 1,20 6.80 6,80 4,00 4,00 0,00 8.00 4.00

15 -7723
1

Ration numbers correspond to treatment numbers for the central composite rotational design.

2
See Footnote 1, Table 1,

3
See Footnote 2, Table 1.
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Table 29. Levels of factors and coded levels for Large White turkey
poults fed Yamhill wheat rations varying in protein and
fat percentages.

Factor
Coded value

-1.414 -1.000 0.000 1.000 1.414

Protein (%)

Fat (%)

20.9

0.0

23.0

0.9

28.0

3.0

33.0

5.1

35.1

6.0

20-78-05



Table 30. Composition of turkey poult RSM rations based on Yamhill wheat and varying in protein and fat

percentage.

Ingredient

Ration

1 2 3 5 6 7 8 9 102

Corn, Yellow

(%) (%) (%) (%) (%)

-

(%) (%)

-

(%) (%)

-

(%)

41.63

Wheat, Yamhill 58.97 30.24 53.54 24.81 62.30 21.49 45.77 38.01 41.89 -

Soybean meal (44%) 27.25 55.98 28.48 57.22 21.88 62.63 41.35 43.11 42.23 43.49

Animal fat 0.90 0.90 5.10 5.10 3.00 3.00 - 6.00 3.00 2.00

Fish meal (72%) 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Meat and bone meal (49.5%) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Alfalfa meal (17.9%) 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Limestone flour 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Dicalcium phosphate 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Salt, iodized 0.50 0.50 0.50 0.50 0.50 0.50 0.50. 0.50 0.50 0.50

Vitamin mix 1-7511 0,40 0.40 0.40 0.40 0.40 0,40 0.40 0.40 0.40 0.40

Mineral mix DD-65 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

DL-methionine (98%) 0.05 0.05 0.05 0.05 0,05 0.05 0.05 0.05 0.05 0.05

Roxarsone 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Amprolium (25%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Biotin (100 mg/lb) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)

Total 100.00 100.00 100.00 100.00100.00 100.00 100.00 100.00 100.00 100.00

Calculated Analysis

Protein (%) 23.00 33.00 23.00 33.00 20.90 35.10 28.00 28.00 28.00 28.00

Fat (_% added) 0.90 0.90 5.10 5.10 3.00 3.00 0.00 6.00 3.00 2.00

1
See Footnotes in Table

20-78-05
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IV. RESULTS AND DISCUSSION

A. Evaluation of Energy and Protein Quality

1. Energy

Results of the true metabolizable energy evaluation experiments

conducted with normal-sized White Leghorn roosters are shown in Table

31. Analysis of variance showed that there were no significant

differences among wheat samples for either AME or TME. However, when

wheat samples were compared to corn values, there were significantly

lower values for the wheat samples. Further, it was interesting to note

that there was significant difference in the AME or TME values for

the wheats, regardless of the amount of protein each grain contained.

The standard errors of the means calculated for the grains are the

same for both AME and TME. This appears to be at variance with the

findings of Sibbald (1976) where a larger standard error of the mean is

shown for AME than TME values. The discrepancy appears to be related to

the level of input. In this research, the level of input was a constant

25 g, Sibbald's data reflect the effect of variable levels of feed

input. Sibbald (1975b) has shown that AME values are low at low levels

of input, and increase in a curvilinear manner as input rises. TME

values, which are corrected for FEm + UEe are not subject to the level

of input, and therefore, should be less variable.

The true metabolizable energy method, as proposed by Sibbald (1976a),

therefore, appears to be a rapid, efficient, bioassay method for the

evaluation of the energy content of feed grains for poultry.

2. Protein Quality

Results of the protein quality evaluation of feed grains for poultry

using Japanese quail and turkey poults are shown in Table 32. The

Protein Efficiency Ratio method of evaluation of biological value was

used.

Although the PER values obtained are not the same for each feed

ingredient as compared for each grain and bird type, the pattern obtained

for the ranking of the grains for the two types of birds appear comparable

with the exception of the ranking of the 4th and 5th place. This suggests
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that Japanese quail might be used to evaluate the PER values for

feedstuffs to be fed to turkey poults.

Several studies have used the biological value method for evaluation

of the nutritional quality of feed grains for poultry (Poppe et al., 1967;

Summers et al., 1969; Fernandez et al., 1974; and Cave et al., 1965).

However, as is pointed out by Scott et al. (1976), the "biological value"

assessments of protein are valuable for measuring the value of several

sources of a single type of protein; but, biological values have the

limitation in that the values cannot be used in an additive manner like

metabolizable energy values. That is, biological values as assessed

by methods like the PER do not measure the value of a protein source when

it is placed in a mixture such as a practical ration.

With this in mind, it was felt that a re-examination should be made

of the criteria for the nutritional quality of a feed grain and methods

of efficient biological evaluation of the nutritional quality of feed

grains.

B. Utilization of the Nutritional Quality of Feed Grains

The following are results of the evaluation of feed grains as they

would be included in different kinds of formulated rations.

1. Replacement of Grain for Corn on a Percentage Basis

a. Broiler Experiment. The results for broilers fed rations with

Yamhill wheat and diluted with corn are shown in Table 33. There were

no significant differences in body weight or feed conversion for any of

the treatments. Dilution of wheat, both on a 50:50 and 75:25 basis,

produced numerically greater body weights, and improved feed conversion

as compared to the wheat control birds. Shank scores of birds fed

wheat diluted rations were significantly higher than the scores of the

wheat control birds. Shank scores of birds fed the corn control ration

were still higher than for the other treatments.

Results with broilers fed rations in which Yamhill and Red wheats

replaced 100 percent corn, plus four percent animal fat, are shown in

Table 34. There was no significant difference in any of the birds fed



75

Table 31. True (TME) and apparent CAME) metabolizable energy values
for five feed grains as measured by White Leghorn roosters.'

Feed Grain TME
2

AME
2

Corn, Yellow 4.39 + 0.06a 3.95 + 0.06a

Wheat, Yamhill 3.73 + 0.01b 3.23 + 0.01
b

Wheat, Red 3.68 + 0.09b 3.18 + 0.09b

Wheat, Maxigene 3.70 + 0.06
b

3.19 + 0.06
b

Wheat, Purple 3.90 + 0.08
b

3.40 + 0.08b

15-77-18

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05). Numbers following means are the
standard error of the means.

2
Data are expressed as Kcal/g of dry matter.

Table 32. Protein efficiency rations (PER) of Japanese quail and turkey
poults fed various protein sources in low-protein rations.

Protein Source
PER

1

Quail Poults

Soybean meal 1.43 (6) 1.67 (6)

Corn, Yellow 2.22 (1) 3.12 (1)

Corn, Yellow + lysine 2,16 (3) 2.97 (3)

Corn, Opaque 2 2.20 (2) 3,10 (2)

Wheat, Maxigene 1.94 (4) 2.58 (5)

Wheat, Purple 1.84 (5) 2.62 (4)

1
15-76-17

Rank of the PERs of the grains are shown in parenthesis. 20-76-04
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the grains for body weight or feed conversion. The birds fed wheat

rations were numerically lower in weight and had numerically poorer

feed conversions, but differences were minimal when it is considered

that the corn ration was supplemented with 4% animal fat.

Shank scores for the wheat-fed birds were significantly lower than

those of the corn-fed birds.

b. Laying Hen Experiment. Table 35 summarizes the results of an

experiment conducted with dwarf layers as compared to normal-sized

layers. Rations fed to the dwarf layers were corn, feed-grade barley,

barley and corn combination (90:10), Yamhill wheat supplemented with

2% safflower oil.

The results were non-significant for all parameters with the

exception of body weight. The dwarf birds were significantly lighter in

weight than normal-sized hens. Dwarf birds consistently laid fewer eggs

as compared to those laid by normal-sized birds. Feed per dozen eggs

improved, but egg weights were lower with dwarf layers. The addition of

safflower oil to the wheat rations appeared to increase egg weight to

that attained when dwarfs were fed corn rations. This was attributed to

the linoleic acid content of safflower oil, as linoleic acid is

associated with increased egg size.

c. Quail Experiment. Results of a quail experiment designed to

evaluate various feed grains substituted on a 100% basis for corn are

shown in Table 36. There were no significant differences in either

body weight gain or feed conversion for any of the birds fed the

treatment rations.

Results of this and the previous experiments show that it is possible

to effectively use and evaluate feed grains when they are substituted on

a percentage basis with corn. However, this method may not be taking

full advantage of the nutritional value of a feed grain in a formulated

ration. Therefore, research was continued to look at other methods of

ration formulation.

2. Protein Adjusted Experiments

One of the nutritional objectives for increasing the crude protein
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Table 33. Performance of broilers fed rations baseil on Yamhill wheat
and diluted with corn. Seven week data.

Treatment Body wt. Feed Shank
(Kg) Conv. Color

2
Corn

3
1.775! 2.13a 6.70a

Wheat 1.653: 2.41
a

2.35c
Wheat + Corn (.75:25) 1.762: 2.10! 4.30k
'Wheat + Corn (50:50) 1.775" 2.11" 4.95

15-76-20
1

Values followed by unlike superscripts are significantly different
(P< 0.05).

2
Corn ration contained 4% animal fat and 4.4 ppm zinc bacitracin

3
Wheat based rations contained at least 4.4 ppm zinc bacitracin and were
supplemented with 2.2 ppm xanthophyll. Xanthophyll was provided by
A.L. Laboratories, Inc., Englewood Cliffs, N.J.

4Dilution diets were made from a Yamhill wheat ration containing 6%
animal fat with 55 ppm zinc bacitracin and a corn ration containing
4% animal fat and 4.4 ppm zinc bacitracin.

Table 34. Performance of broilers fed rations based on Yamhill and Red
wheats replaced on a 100% basis with the co' and 4% animal
fat in the control ration. Seven week data.

Treatment Body weight
(Kg)

Feed

Cony.

Shank
Color

Corn
2

3
Wheat, Yarlill
Wheat, Red

1.82%
a

1.771:
1,748"

2.10!
2.37:
2.41"

5 65
a

b
2 15

b
2.50

15-77-03
1Values followed by unlike superscripts are significantly different
(3<0.05).

2
Corn rations contained 4% animal fat and 4.4 ppm zinc bacitracin.

3
Wheat based rations contained at least 4,4 ppm zinc bacitracin and
were supplemented with 11 ppm xanthophyll. Xanthophyll was provided
A.L. Laboratories, Inc., Englewood Cliffs, N.J.
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content of wheat and other grains is to reduce the amount of supplemental

protein needed in a formulated ration. The effect of a higher protein

grain to reduce the amount of supplemental protein can be shown when

rations are compared on a protein adjusted basis.

a. Broiler Experiment. A comparison was made between birds fed

rations formulated with Yamhill (10.4% protein) and Red (14.2% protein)

wheats on a protein adjusted basis (Table 37). Treatments with rations

formulated on an equal basis with a corn control were included for

comparison.

The body weight of birds fed Yamhill wheat on an equal weight basis

was numerically, but not significantly, lower than the corn control.

Birds fed Yamhill wheat rations on a protein adjusted basis resulted in

significantly lower body weights than the corn control.

Body weight of birds fed Red wheat based rations on either an

equal weight or protein adjusted basis was not significantly different

from the corn control. The body weight of the birds fed Red wheat was

still no different from the corn control with the removal of zinc

bacitracin from the ration.

There were no significant differences in feed conversion. Shank

color scores were all lower with wheat fed birds as compared to the

corn control.

Results of this experiment show that there was an advantage in

using Red wheat with its higher protein content in protein adjusted

broiler rations. The difference in body weight response of the Yamhill

and Red wheat fed birds probably reflects a better amino acid balance

for Red wheat. Responses of Red wheat fed birds as compared to the corn

control was 102% when zinc bacitracin was included in the diet, and 99%

when the grain was compared without the antibiotic.

In comparison with the corn control ration, there was a replacement

of 10,7% (starter) and 11.3% (finisher) of the soybean meal by the Red

wheat (see Tables 3 and 10).

b. Normal-Sized Laying Hen Experiment. Normal-sized laying hens

fed protein Yamhill wheat based rations showed no significant

differences in egg production when compared to the wheat and corn
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Table 35. Performance of dwarf (D) layers fed corn, barley and Yamhill
wheat rations and compared to normal- sized (N) hens fed
corn rations. Forth week data.

Treatment Egg Prod.
(%)

Feed/doz.
Eggs
(Kg)

Body vet.,

final

(Kg)

Egg wt.
(g)

(N) Corn
(D) Corn
(D) Barley (Feed Grade)
(D) Barley + Corn (90:10)
(D) Wheat
(D) Wheat + 2% Safflower

Oil

71.2a
66.1a
67.3!
68.0"

a
67.1,
65.1"

2.034a
1.775

a

1.766!
1.766"
1.807!
1.716"

1.952a
b

1.554b

1.362b
b1.453b

1.453

a
64.2,
61.2:
60.1"
60.2a

a
60.3,
61.0"

1

Values followed by unlike superscripts are significantly
different (P< 0.05).

15-75-12

Table 36. Performance of Japanese quail fed rations in which the grain
was substituted on an eqyal weight basis (100% with the corn
control). Two week data.'

Treatment Body weight Feed
Cony.

Semipurified control 37.0! 1.96
a

Corn control 35.0" 2.16'
Corn, Opaque 2 35.0,

a
2.08a

Wheat, Yamhill 36.0: 2.09"
Wheat, Purple 36." 2.21a

Wheat, Maxigene 37.0a 2.06!
Triticale 36.0! 2.26a
Barley, Hiproly 36.0:
Barley, Lady Godiva

2.30:
35.0; 2.27:

Barley, Hannchen 35.0" 2.13"

1

Values followed by unlike superscripts are significantly
different (P< 0.05).

15-75-05
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Table 37. Performance of broilers fed Yamhill and Red wheat rations
formulated on a protein adjusted basis with a corn control.
Seven week data.'

Treatment Body weight' Feed Shank
(Kg) Cony. Color

ab a
1. Corn

2
1.825k 2.10a 5.65A

a
2. Wheat, Yamhill

3
4 1.771w 2.37, 2.151%

c
3. As 2 - Pros. Adj."' 2.41" 3.60j-1.730

bc a
4. Wheat, Red 1.748, 2.41, 2.50`'

c
5. As 4 - Prot. Adj.

4
1 861"

ab
2.23: 3.40

b
6. As 5 - w/o zinc 1.809 2.25" 4.00

bacitracin

15-77-03

1

Values followed by unlike superscripts are significantly different
(P< 0.05).

2
Corn ration contained 4% animal fat and 4.4 ppm zinc bacitracin.

3
Wheat based rations contained at least 4.4 ppm zinc bacitracin and
were supplemented with 2.2 ppm xanthophyll. Xanthophyll was provided
by A.L. Laboratories, Inc. Englewood Cliffs, N.J.

4
Contained 55 ppm zinc bacitracin.
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controls (Table 38). Also, there were no significant differences in

feed consumption, feed per dozen eggs, mortality or body weight.

There were no significant differences in egg weight, specific

gravity (shell thickness) or Haugh units (albumen quality) (Table 39).

Yolk color of the wheat fed birds was statistically lighter in color

than those of the corn fed hens.

The experimental results indicates that 2.8% soybean meal can be

replaced by Yamhill wheat when formulated on a protein adjusted basis

without affecting the performance of normal-sized birds as compared to

a corn control (see Table 11).

c. Dwarf Laying Hen Experiment. Dwarf laying hens fed a Yamhill

wheat based ration which was protein adjusted, produced just as many

eggs as the corn or wheat dwarf hen controls (Table 40). The dwarf

wheat control was statistically higher in egg production than the dwarf

corn control. Dwarf hen production was significantly lower as compared

to the normal-sized corn control.

Normal-sized birds ate significantly more feed and required more

feed per dozen eggs than did the dwarf laying hens. There was no

difference among dwarf hens fed wheat diets for either feed consumption,

or feed required per dozen eggs. Dwarf hens experienced greater

mortality than did the normal-sized layers. The body weight of the

dwarf hens was significantly less than those of the normal-sized birds.

Egg weight was significantly lower than for normal hens (Table 41).

There was no significant difference in shell thickness for any of the

treatments as measured by the specific gravity of the eggs. Wheat based

rations resulted in the best Haugh units with the wheat control birds

having significantly greater Haugh unit scores than either dwarf or

normal-sized corn control hens. Also, wheat based rations fed to birds

resulted in significantly lower yolk color scores as compared to dwarf

or normal corn control birds.

The results of the experiments with normal-sized and dwarf hens

both fed Yamhill wheat rations on a protein adjusted basis indicate

that it is possible to use the rations without seriously affecting

production parameters as compared to the respective corn control fed



Table 38. Performance of normal-sized White Leghorn laying hens fed protein adjusted Yamhill wheat
based rations compared to corn and wheat (substituted 100% for corn) rations. Forty week

data.'

Treatment Hen-day
egg prod.

(%)

Daily Feed
cons.

(g)

Feed/doz.
eggs
(Kg)

Mortality,
cumulative

(g)

Body
wt.

(Kg)

1. Corn control

2. Wheat control

3. Wheat - Prot. Adj.

68.13a

63.57a

69.918

1168

1088

110a

2.02a

2.088

1.918

8.38

11.5a

10.4a

1.73a

1.738

1.688

15-76-15

1
Means in the same column followed by different superscripts are significantly different ( 0.05).

Table 39. Egg quality of normal-sized White Leghorn laying hens fed protein adjusted Yamhill wheat Based
rations compared to corn and wheat (substituted 100% for corn) rations. Forty week data.'

Treatment Egg wt Specific Haugh
(g) Gravity units

Yolk
color

1. Corn control 58.28a 1.079a 66.08 11.28

2. Wheat control 57.05a 1.078a 68.8a 5.6
b

3. Wheat - Prot. Adj. 57.288 1.0788 72.8a 5.5

1Means in the same column followed by diff. superscripts are sig. different ( 0.05).
15-76-15
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normal-sized and dwarf hens.

Yamhill wheat was found to replace 2.8% soybean meal in either

normal-sized or dwarf bird rations (see Tables 11 and 12).

d. Turkey Poult Experiment. A comparison was made of the relative

growth and feed efficiency of corn, Yamhill and Red wheat in turkey

poult rations which were adjusted for both protein and energy. Results

are shown in Table 42.

The Red wheat treatment was superior to the Yamhill wheat treatement,

and the Yamhill wheat treatment was superior to the corn control for body

weight. There was no significant difference in feed conversion for any of

the treatments.

The results show that protein adjusted rations for both Yamhill

and Red wheat were efficiently replacing part of the soybean meal.

Yamhill wheat replaced 2.65% and Red wheat replaced 6.65% of the soybean

meal, as compared to the corn control ration (see Table 13). The fact

that Red wheat was significantly superior to Yamhill wheat in producing

body weight gives evidence that Red wheat may have a better amino acid

profile than the Yamhill wheat. The superiority of Red wheat over

Yamhill wheat in protein adjusted rations was also evidenced in the

broiler experiment, which was previously reported in this section.

e. Quail Experiment. Results of a screening test for poultry feed

grains fed to Japanese quail are shown in Table 43. Body weight of birds

fed the semipurified control ration was significantly greater than for

any of the birds fed the test grains. Among feed grains, Lady Godiva

barley produced a significantly lower body weight than all of the other

grains, with the exception of Hiproly barley. There were no significant

differences among the other grains tested.

As indicated earlier, formulation of rations on a protein adjusted

basis uses the protein in the grain to replace supplemental protein.

Thus, high protein grains have the potential to not only replace

imported corn, but also, imported soybean meal in poultry rations as well.

The soybean replacement value of a grain may be an important

consideration in screening situations such as this quail test, where all

but one grain showed no significant difference among body weights, and



Table 40. Performance of dwarf Leghorn laying hens fed protein adjusted Yamhill wheat based rations
compared to corn and wheat (substituted 100% for corn) rations. Forty week data.

Treatment Hen-day
egg prod.

Daily Feed
cons.

Feed/doz.
eggs

Mortality,
cumulative

Body
wt.

(%) (9) (kg) (%) (Kg)

1. Corn control 56.87c 85b85 1.83
b

15.1a 1.32
b

2. Wheat control 60.26
b

86
b

1.75
b

12.5a 1.36
b

3. Wheat - Prot. Adj. 58.33
bc

84
b

.1 77
b

12.5a 1.27b

4. Corn - Normal control 68.13a 116a 2.02a
8.3a

1.73a

1
15-76-15

Means in the same column followed by different superscripts are significantly different (P< 0.05).

Table 41. Egg quality of dwarf White Leghorn laying hens fed protein adjusted Yamhill wheat based
rations compared to corn and wheat (substituted 100% for corn) rations. Forty week data.

Treatment Egg wt.

(9)

Specific Haugh
Gravity Units

Yolk
Color

1.

2.

3.

4.

Corn control

Wheat control

Wheat - Prot. Adj.

Corn - Normal control

54.23
b

53.38
c

53.63
bc

58.28a

1.080a

1.080a

1.079a

1.079a

69.8b

74.8a

73.0ab

66.0
b

11.2a

5.5
b

5.4b

11.2a

1 Means in the same column followed by diff. superscripts are sig. cliff. (P < 0.05).
15-76-15
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Table 42. Performance of turkey poults fed protein adjusted and
isocaloric starter rations based on Yamhill and Red
wheats compared to corn. Eight week data.

Treatment Body wt.
(kg)

Feed cony.

Corn 1.766a

Wheat, Yamhill 1.889b

Wheat, Red 1.984c

1.96a

1.96a

1.95a

20-77-04

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05).

Table 43. Performance of Japanese quail fed protein adjusted test
grain rations. Two week data.

Treatment Body weight Feed
(g) Cony.

Semipurified control
Corn control
Corn, Opaque 2
Wheat, Yamhill
Wheat, Purple
Wheat, Maxigene
Wheat, Red
Triticale
Barley, Hiproly
Barley, Lady Godiva

46 5a
39.9b

b
41.0
41 4

b

b
41.5
42 5

b

40.3b
41.2b
39.1bc
36.4'

1.64
a

2.03
1.97:
2.04"
1.98a
1.85:

2.0c
1.94

a
1.94.
1.99"

15-77-22

1
Means in the same column followed by different superscripts are
significantly different (P< 0.05).
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where there were no significant differences in feed conversion for any

of the feed grains.

3. Low-Protein Rations Supplemented with Amino Acids

a. Broiler Experiment. Chicks fed Yamhill wheat based low-protein

rations (Table 44) had significantly lower body weights than either corn

or Yamhill wheat control chicks. There was no significant difference

between the feed conversion for the low-protein fed birds, and either of

the control fed birds. With the supplementation of lysine, body

weights were statistically comparable for birds fed both control and

low-protein rations. No significant difference in feed conversion

resulted from the lysine addition to the low-protein ration, as compared

to birds on the control or low-protein rations. No difference in body

weight or feed conversion was noted with the addition of lysine plus

methionine. The addition of threonine to the amino acid mixture, which

was supplemented to the low-protein diet, caused a significant depression

in body weight, and significantly poorer feed conversion than observed

with the corn or wheat control. However, there was no significant

difference in body weight or feed conversion as compared to the

other supplemented and unsupplemented low-protein rations.

Chicks fed Red wheat based low-protein rations (Table 45) had

significantly lower body weights, and poorer feed conversions than

observed with either of the corn or Red wheat control birds. Addition

of lysine significantly improved the body weight, but not the feed

conversion over the unsupplemented low-protein fed birds. However,

body weight was still significantly lower than those of the control

birds. Addition of methionine plus lysine numerically improved body

weight, and improved feed conversion of the low-protein fed birds when

compared to the low-protein plus lysine fed birds.

A significant improvement in body weight was made when threonine,

methionine, and lysine amino acid mixture was supplemented to the low-

protein Red wheat ration. Body weight was significantly and numerically

comparable to the wheat control, and significantly not different from the

corn control birds. However, feed conversion was significantly poorer
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Table 44. Performance of broiler chicks fed low-protein (18%) Yamhill
wheat based rations supplemented with amino acids. Four
week data.

Treatment
2

Body weight

(g)

Feed
Cony.

1. Corn control

2. Wheat - Prot. Adj.

3. Wheat - Low-Prot.

4. As 3 lysine

5. As 4 methionine

6. As 5 threonine

459.2a

461.6a

404.0b

424.6
ab

429 8
ab

397.1
b

1.53a

1.54a

1.67
ab

1.72
ab

1.65
ab

1.75
b

1

Means in the same column followed by
significantly different (P< 0.05).

2
Amino acids were supplemented in low-
the National Research Council (1971)
amino acids in a 23% protein ration.

15-77-05

different superscripts are

protein rations to approximate
recommended levels for respective
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Table 45. Performance of broiler chicks fed low-protein (18%) Red
wheat base4 rations supplemented with amino acids. Four

week data.

Treatment
2

Body weight

(g)

Feed
Cony.

1. Corn control 459.2a 1.53a

2. Wheat - Prot. Adj. 446.1
ab

1.56a

3. Wheat - Low-Prot. 324.0c 1.83b

4. As 3 + lysine 408.7b 1.82b

5. As 4 + methionine 417.3
b

1.62ab

6. As 5 + threonine 445.7
ab

2.24c

1

Means in the same column followed by
significantly different (P< 0.05).

2
Amino acids were supplemented in low-
the National Research Council (1971)
amino acids in a 23% protein ration.

15-77-05

different superscripts are

protein rations to approximate
recommended levels for respective
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than for any of the other groups in the trial.

As was pointed out earlier, the protein in the grain replaces some

of the supplemented protein in low-protein rations. The Yamhill

and Red wheats in the low-protein rations replaced 15.8 and 24.08 percent

soybean meal respectively, when compared to the corn control (see Table

15).

b. Laying Hen Experiment. Results of feeding low-protein rations

to normal-sized laying hens are shown in Table 46. Normal-sized hens fed

low-protein wheat based rations elicited a significantly lower egg

production than birds fed the corn or wheat control. Addition of 0.1%

methionine improved egg production to a level which was not significantly

different from either of the control groups. However, the response

was not significantly different from the birds fed the unsupplemented

low-protein ration either. Addition of 0.1% methionine and 0.1% lysine

further improved the egg production to a level greater than the

unsupplemented low-protein ration, and was statistically comparable to the

corn and wheat control.

Feed consumption was significantly lower than either control for

birds fed the unsupplemented low-protein ration. Addition of methionine

increased the consumption of wheat diets to a level which was significantly

different from the birds fed the wheat control, but not different from

the low-protein treatment. With the addition of both lysine and methionine,

the amount of feed consumed by birds fed low-protein wheat rations

increased feed consumption to a level which was not significantly

different from the feed consumed by either control. The response, however,

was not statistically different from the supplementation of methionine

alone.

Feed consumed per dozen eggs was highest for the unsupplemented

low-protein treatment. There was no significant difference in feed

per dozen eggs for any of the wheat treatment; although, the addition

of methionine or methionine plus lysine reduced the feed per dozen eggs

to a level which was not significantly different from birds fed either

the corn or wheat control.



Table 46. Performance of normal-sized White Leghorn laying hens fey low-protein (13%) Yamhill wheat based
rations supplemented with amino acids, Forty week data,

Treatment Hen-day Daily Feed Feed/doz. Mortality, Body
egg prod. cons, eggs cumulative wt.

(%) (9) (kg) (%) (kg)

1.

2.

3.

4.

5.

Corn control

Wheat control

Wheat - Low-Prot.

As 3 + methionine

As 4 + lysine

68.13a

63.57a

51.65
b

60.91
ab

62.44a

116a

108
ab

97c

105bc

109
ab

2.02
b

2.08
ab

2.29a

2.12

2.14
ab

8.33a

11.46a

13.54a

8.33a

7.29a

1.73a

1.73a

1.50a

1.63a

1.63a

1
Means in the same column followed by different superscripts are significantly different (

15-76-15

0.05).
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There were no significant differences in mortality. However,

birds fed the unsupplemented diet had the highest mortality of the

treatments.

No significant differences were noted for body weight for any of

the treatments. However, birds fed unsupplemented low-protein rations

had the lowest body weights. Larger body weights were noted with the

addition of methionine. Additional lysine with methionine did not

further affect the weight of the birds.

Results of the egg quality parameters for normal-sized hens fed

low-protein rations are shown in Table 47. Egg weights were significantly

lower for hens fed the unsupplemented low-protein rations as compared

to any of the other treatments. A methionine addition to the low-protein

wheat diets improved the egg weight to a level statistically comparable

to the wheat control, while further addition of lysine resulted in an

egg weight which was not significantly different than either the wheat

or corn controls.

There were no significant differences in the specific gravity of

the eggs from any of the treatments.

There were no significant differences in albumen quality, as

measured by Haugh units, for any of the wheat fed birds. The poorest

Haugh units were found with the birds fed the corn control ration.

Yolk color score, as might be expected, was significantly lower

with the wheat fed birds as compared to the corn control due to the

lack of xanthophyll in wheat.

The production (Table 48) and egg quality parameters (Table 49)

for dwarf laying hens fed low-protein rations were compared to normal-

sized hen corn controls, dwarf hen corn controls, and dwarf hen wheat

controls.

Egg production for the unsupplemented low-protein wheat ration

was significantly lower than the control ration for birds. There was

a significant improvement with the addition of 0.1% methionine. No

further improvement was noted with the addition of 0.1% lysine. Egg



Table 47. Egg quality of normal-sized White Leghorn laying hens feil low-protein (13%) Yamhill wheat based
rations supplemented with amino acids. Forty week data.'

Treatment Egg wt. Specific Haugh Yolk

(g) , Gravity Units Color

1. Corn control 58.28a 1.079a 6 .0
b

11.2a

2. Wheat control 57.05
ab

1.078a 68.8
ab

5.6
b

3. Wheat - Low-Prot. 53.88c 1.080a 70.8a 5.6
b

4. As 3 + methionine 56.13
b

1.078a
68.0ab 5.5b

5. As 4 + lysine 58.00a 1.079a 72.3a 5.6
b

1 Means in the column followed by different superscripts are significantly different ( 0.05).

15-76-15
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production from the wheat and corn control dwarf birds was significantly

different from each other and from the normal corn control.

Feed consumption was not statistically different for low-protein

wheat fed brids with or without amino acid supplementation. However,

addition of lysine to the low-protein ration resulted in an increase

in feed consumption, comparable to both wheat and corn fed dwarf controls.

Feed consumption of the normal control was statistically greater than

the feed consumption of any of the dwarf treatments.

Feed per dozen eggs obtained with the low-protein diet was

statistically greater than for the dwarf controls, but not statistically

different from the normal corn control. Addition of methionine made

a significant improvement in feed per dozen eggs as compared to the

unsupplemented diet. A further addition of lysine caused an improvement

in feed per dozen eggs, which was comparable to the dwarf corn control,

but not different from the methionine treatment. The dwarf wheat

control had the best feed per dozen eggs of all the treatments.

There were no significant differences in the cumulative mortality

of the dwarf hens; however, numerically, birds fed the unsupplemented

low-protein wheat ration had the greatest mortality. All of the dwarf

birds had cumulative mortalities which were 2.1 to 12.5 percent higher

than the normal-sized hen control.

A significant difference was noted for body weight between dwarf and

normal-sized hens. There were no significant differences in the

body weight of the dwarf hens, although the trend for low-protein fed

birds was to have low body weights, whether or not the diet was

supplemented with amino acids.

Egg quality data results are shown in Table 49. Egg weights of

unsupplemented low-protein wheat rations were signigicantly lower than

any of the controls. Addition of methionine did not significantly

affect egg weight. Addition of lysine plus methionine gave a slight

increase in egg weight; however, egg weight did not compare with any of

the control rations.

There were no significant differences in eggshell thickness as

measured by the specific gravity of the eggs. Albumen quality was



Table 48. Performance of dwarf White Leghorn laying hens fed low-yrotein (13%) Yamhill wheat based
rations supplemented with amino acids. Forty week data.

Treatment Hen-day
egg prod.

Daily Feed
cons.

Feed/doz.
eggs

Mortality,
cumulative

Body
wt.

(%) (g) (kg) (%) (Kg)

1. Corn control 56.87c 85b
1.83cd

15.10a 1.32

2. Wheat control 60.26
b

86b 1.75
d

12.50a 1.36
b

3. Wheat - Low-Prot. 47.88e
79c

2.04a 20.83a 1.18
b

4. As 3 + methionine 50.10
d

80c 1.97
b

15.62a 1.14
b

5. As 4 + lysine 52.80 83
b
c 1.93

bc
10.42a 1.27

b

6. Corn - Normal control 68.13a 116a 2.02a 8.33a 1.73a

15-76-15
1
Means in the same column followed by different superscripts are significantly different (P< 0.05).
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significantly better for those birds fed wheat based rations as

compared to dwarf and normal-sized birds fed corn based rations.

This has been a consistent observation, which has been noted in Tables

39, 41, and 47. It appears that wheat may have a component which improves

albumen quality.

Yolk color scores were significantly better for the dwarf and normal

sized birds fed corn based rations.

Yamhill wheat replaced 10.3% soybean meal in both dwarf and normal-

sized hen low-protein rations as compared to the corn control (see Tables

11 and 12).

The favorable responses for low-protein rations supplemented with

amino acids may have implications for hot weather feeding of broilers

and layers. Leach (1970) suggests that the lower protein in the ration

may also lower the SDA (the heat of nutrient utilization), thus reducing

the heat stress of the animal during high temperatures.

While weighing the laying hens during the sixth period, a random

observation of dermatitis on the toes of the laying hens was noted. The

dermatitis was predominately observed on the toes of the dwarf layer.

In order to examine the incidence of the dermatitis problem, a scoring

system was devised as follows:

1 = no dermatitis

2 = minimal dermatitis

3 = moderate dermatitis

4 = extreme dermatitis

5 = severe dermatitis

Scoring was made of two replicates of each treatment for both

normal-sized and dwarf hens. Scoring was made as objective as possible.

Two opinions were obtained in making each score. Analysis of variance

was conducted to compare the differences, if any, in each type of bird

and diet.

Results of the scoring are shown in Table 50. It is interesting

to note that there were no significant differences between corn and wheat

rations. Presumably, the dermatitis would be more pronounced with wheat

rations than with corn rations. This assumption was based on the



Table 49. Egg quality of dwarf White Leghorn laying hens f ?d low-protein (13%) Yamhill wheat based rations
supplemented with amino acids. Forty week data.'

Treatment Egg wt. Specific Haugh Yolk

(g) Gravity Units Color

1. Corn control 54.23
b

1.080a 69.8
b

11.2a

2. Wheat control 53.83c 1.080a 74.8a 5.5
b

3. Wheat - Low-Prot. 51.13e 1.079a 75.3a 5.7
b

4. As 3 + methionine 51.64 1.079a 75.0a 5.5
b

5. As 4 + lysine 52.28 1.078a 74.0a 5.4
b

6. Corn - Normal control 58.28a 1.079a 66.0
b

11.2a

15-76-15

1
Means in the same column followed by different superscripts are significantly different (P< 0.05).
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Table 50. Summary of normal-sized and dwarf White Leghorn laying hen
dermatitis scores. Sixth period data.

Type of bird
Treatment

Normal Dwarf

Average'

1. Corn control 1.18 2.20 1.69a

2. Wheat control 1.09 2.41 1.75a

3. Wheat - Low-Prot. 1.27 2.49 1.88a

4. As 3 + methionine 1.20 2.05 1.63a

5. As 4 + lysine 1.22 2.22 1.728

6. Wheat - Prot. Adj. 1.05 2.00 1.53b

Average
1

1.17a 2.23

15-76-15

1

Means for respective averages which have different superscripts are
significantly different (P< 0.05).
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similarity of the lesions to biotin deficiency dermatitis and the

reported lack of availability of biotin in wheat. The reason for the

low dermatitis scores on the protein adjusted ration is not clear.

The significant difference between normal-sized and dwarf laying

hens may be explained by the fact that dwarf hens do not eat as much

feed as the larger normal-sized hens. Therefore, if the diet is

deficient in any nutrients, the deficiency would be more pronounced in

the dwarf hen.

As was stated, the nature of the dermatitis resembled a biotin

deficiency; however, subsequent experiments involving biotin supplement-

ation of both corn and wheat rations have failed to show an improvement

in the incidence of the dermatitis. Studies are currently underway to

investigate other possible causes.

C. Improvement of Feed Grain Quality Through Dietary
Additives and Supplements

1. Conventional Analysis of Variance

a. Broiler Experiments. Results obtained when 0, 2.2 and 4.4 ppm

xanthophyll were added to Yamhill wheat based broiler rations are

shown in Table 51. There was a slight increase in shank color, but the

increase was not as dramatic as the scores previously reported by

Arscott (1965). Scores found by Arscott are included in the table for

comparison.

Results of feeding 0, 5.5 and 11 ppm xanthophyll alone or in

combination with zinc bacitracin and animal fat on an equal weight

substitution basis are shown in Table 52. There was no significant

difference in body weight for any of the treatments. The supplementation

of zinc bacitracin did improve the feed conversion of wheat fed birds.

The feed conversion of the 4% animal fat plus 55 ppm zinc bacitracin birds

was significantly greater than the unsupplemented wheat treatments.

As in the previous experiment, improvement in shank pigmentation

was minimal with xanthophyll supplementation. Body weight appeared to

increase slightly with the addition of higher levels of xanthophyll.

Arscott (1964) noted a similar response, but noted that the growth
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Table 51. Performance of broilers fed Yamhill wheat based rations
supplemented with xanthophyll. Seven week data.

Treatment Body wt.
1

(kg)

Feedl

cony.
Shank Score

1

'

2

1976 1965

1. Corn control
3

2. Wheat control
4

3. As 2 2.2 ppT
xanthophyll

4. As 2 4.4 ppm

1.775a

1.634
b

1.653b

1.648
b

2.13a

2.42
b

2.40b

2.32
b

6.70a 6.30a

1.95a 2.60c

2.53
b

4.60b

2.45
b

5.60
ab

xanthophyll

15-76-20

1

Means in the same column followed by different superscripts are
significantly different.(P< 0.05).

2
1965 scores are from work previously conducted by Arscott (1965).

3
Corn ration contained 4% animal fat and 4.4 ppm zinc bacitracin.

4
Wheat ration contained 4.4 ppm zinc bacitracin.

5
Xanthophyll provided by A.L. Laboratories, Inc. Englewood Cliff, N.J.
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response was not confirmed through further experimentation.

There was a nonsignificant improvement in shank scores when 55 ppm

zinc bacitracin was added with 0 and 6% animal fat and a significant

improvement of shank scores with the addition of the high level of

zinc bacitracin and 4% animal fat. Fry et al. (1976) have reported an

increase in broiler shank color when the antibiotic, Flavomycin, or

the addition of 3-nitro-4-hydroxyphenyl arsonic acid was made in the

ration. This and the findings reported here may provide a clue to a

role of antibiotics in growth promotion. Since xanthophyll is fat

soluble, enhancement of pigmentation upon zinc bacitracin supplementation

may be an indication of increased fat absorption, xanthophyll being an

indicator of the increased absorption. This might explain the observation

made by Johnston and Arscott (1974) of an tmprovement in the availability

of energy in wheat diets supplemented with zinc bacitracin.

Table 53 presents the results of the use of Nopgro, a commercial

enzyme concentrate, in wheat based rations. Though there were no

significant differences, addition of the enzyme appeared to be effective

when combined with 6% animal fat for weight gain and feed conversion.

There was also a slight increase in shank color score with the addition

of 6% animal fat alone or in combination with the enzyme.

Results in Table 54 are from broilers fed Yamhill wheat based

rations supplemented with animal fat (0, 4, and 6 percent), zinc

bacitracin (55 ppm) alone or in combination with fat, on an equal weight

basis or on a protein adjusted basis with corn. There were no signigicant

differences noted for body weight or feed conversion; however, there were

some trends to be observed. Addition of 4% animal fat appeared to increase

body weight and feed efficiency of the birds, although, at the 6% level,

a reduction in body weight and feed efficiency was evident. The positive

response with 4% animal fat was in agreement with results previously

observed by Arscott (1965). Shank scores were increased slightly, but

not significantly, by additions of animal fat.

Supplementation of a high level of zinc bacitracin in wheat rations

resulted in a nonsignificant increase in broiler body weight and an
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Table 52. Performance of broilers fed Yamhill wheat based rations
supplemented with xantOphyll, zinc bacitracin and animal
fat, Seven week data.

Treatment Body wt. Feed Shank
(Kg) Conv. Score

1. Corn control
2

1.825a 2.10a 5.65a

2. Wheat control
3

1.698a 2.35
b

1.25d

3, As 2 + 5.5 ppm xanthophyll
4

1.721a 2.40
b

1.70
cd

4. As 2 + 11.0 ppm xanthophy114 1.771a 2.37
b

2.15
c

5. As 4 + 55 ppm Zinc Bacitracin 1.816a 2.26
ab

3.40
bc

6. As 4 + 55 ppm Zinc Bacitracin 1.839a 2.09
a

3.75
b

+ 4% animal fat

7. As 4 + 55 ppm Zinc Bacitracin 1.361a 2.25a b 3.40
bc

+ 6% animal fat

15-77-03

1

Means in the same column followed by different superscripts are
significantly different (P 0.05).

2
Corn based ration contained 4% animal fat and 4.4 ppm zinc bacitracin.

3
Wheat based ration contained at least 4.4 ppm zinc bacitracin.

4
Xanthophyll provided by A.L. Laboratories, Inc., Englewood Cliffs,
N.J.
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Table 53. Performance of broilers fed Yamhill wheat based ration
supplemented witi xanthophyll, animal fat and enzymes.
Seven week data.

Treatment Body wt. Feed Shank
(kg) Cony. Score

1. Corn control
2

1.775a 2.13a 6.70a

2. Wheat 2.2 ppm xanthophy11'4 1.653a 2.40a 2.35
b

3. As 2 6% animal fat 1.634a 2.29a 2.70b

4. As 2 enzyme
5

1.653a 2.33a 2.40
b

5. As 3 enzyme5 1.811a 2.12a 2.85b

15-76-20

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05).

2
Corn based ration contained 4% animal fat and 4.4 ppm zinc bacitracin.

3
Wheat based ration contained 4.4 ppm zinc bacitracin.

4
Xanthophyll provided by A.L. Laboratories, Inc., Englewood Cliffs,
N.J.

5Nopgro, an enzyme concentrate, provided by Diamond Shamrock Chemical
Company, Fresno, California. 2000 ppm.
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improvement in feed conversion over that of unsupplemented wheat-fed

birds. Addition of 4% animal fat did not further increase the body weight

or improve feed conversion. When 6% animal fat was included, a depression

in body weight and feed efficiency was evident. Shank scores were

significantly increased when the wheat ration was supplemented with both

animal fat and zinc bacitracin as was noted also in a previous experiment.

Body weight and feed conversion obtained from protein adjusted wheat

rations containing 55 ppm zinc bacitracin and 4% animal fat compared

favorably with the body weight obtained by birds fed the corn rations.

Shank scores were higher than those of birds fed wheat or wheat supple-

mented with fat.

A comparison is made in Table 55 between Yamhill and Red Wheat on

an equal weight and protein adjusted basis with corn. The crude protein

content of Yamhill and Red wheat was 10.4 and 14.2 percent, respectively.

Again, one of the nutritional objectives for increasing the crude protein

in wheat is to reduce the amount of supplemental protein needed in a

formulated ration. The effect of the higher protein wheat to reduce

supplemental protein is best realized when the rations are compared on

a protein adjusted basis.

The results indicate that Yamhill wheat on an equal weight basis

with or without bacitracin,produced body weights which were statistically

comparable to the corn control. When Yamhill wheat was adjusted for

protein, a significantly lower body weight as compared to the corn

control resulted, although the body weight was statistically comparable

to the Yamhill wheat ration on an equal weight basis. The addition of

4% animal fat to the protein adjusted ration produced body weights

that were statistically comparable to the corn control birds.

Red wheat on an equal weight basis, supplemented with zinc bacitracin,

resulted in statistically comparable weight gains as compared to the

corn fed birds. On a protein adjusted basis, with or without zinc

bacitracin, Red wheat rations compared numerically and statistically with

the corn control. Addition of 6% animal fat to the protein adjusted

Red wheat rations gave body weights which were not different from the corn

control or fat supplemented Yamhill wheat rations,



104

Table 54. Performance of broilers fed Yamhill wheat rations formulated
on a protein adjusted or equal weight basis and supplepented
with animal fat and zinc bacitracin. Seven week data.

Treatment Body wt. Feed Shank
(kg) Conv. Score

1. Corn control
2

1.775a 2.13a 6.70a

2. Wheat control
3

1.653a 2.40a 2.35c

3. As 2 + 4% animal fat

4. As 2 + 6% animal fat

1.680a

1.634a

2.17a

2.29a

2.45
ef

c
2.70

def

5. As 2 + 55 ppm Zinc Bacitracin 1.698a 2.19a 2.55
def

6. As 2 + 4% animal fat 1.693a 2.15a 3.50
b

+ 55 ppm Zinc Bacitracin

7. As 2 + 6% animal fat 1.580a 2.41a 3.40b
+ 55 ppm Zinc Bacitracin

8. As 5 - Prot. Adj. 1.689
a

2.39
a

3.70b

9. As 6 - Prot. Adj. 1.771a 2.15
a

3.25bcd

10. As 7 - Prot. Adj, 1.716a 2.10
a

3.20bcde

15-76-20

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05).

2
Corn base rations contained 4% animal fat and 4.4 ppm zinc bacitracin.

3Wheat based rations contained at least 4.4 ppm zinc bacitracin and
were supplemented with 2.2 ppm xanthophyll. Xanthophyll provided
by A.L. Laboratories, Inc., Englewood Cliffs, N.J.
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Table 55. Performance of broilers fed Yamhill and Red wheat rations
formulated on a protein adjusted or equal basis and
supplementqd with animal fat and zinc bacitracin. Seven
week data.'

Treatment Body wt.
(kg)

Feed
Cony.

Shank
Score

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Corn control
2

Wheat, Yamhill

As 2 + 55 ppm Zinc Bacitracin

As 3 - Prot. Adj.

As 4 + 4% animal fat

As 4 + 6% animal fat

Wheat, Red

As 7 + 55 ppm Zinc Bacitracin

As 7 - Prot. Adj.

As 8 - Prot. Adj.

As 8 + 4% animal fat

As 8 + 6% animal fat

1.825
bcd

1.771
de

1.816
bcd

1.730e

1.889ab

1.880
ab

1.748
de

1.793cde

1.811
bcd

1.861
abc

1.916a

1.889
ab

2.10a

2.37a

2.26a

2.41a

2.14a

2.08a

2.41a

2.30a

2.25a

2.23a

2.13a

2.16a

5.65a

2.15e

3.40
cd

3.60
bc

3.70
bc

3.85
bc

2.50
de

3.20
cde

4.00b

3.40
cd

3.55
bcd

4.55
b

15-77-03

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05).

2
Corn ration contained 4% animal fat and 4.4 ppm zinc bacitracin.

3w
heat based rations contained at least 4.4 ppm zinc bacitracin and

were supplemented withll ppm xanthophyll. Xanthophyll provided by
A.L. Laboratories, Inc., Englewood Cliffs, N.J.
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Feed conversions did not differ significantly; however, it can be

noted that feed conversion of both wheat based rations on a protein

adjusted basis, supplemented with fat and an antibiotic were comparable

to feed conversions noted for the corn control,

Shank scores in general appeared to improve with the addition of

an antibiotic and animal fat to the ration.

b. Turkey Poult Experiments. Results of adding animal fat at

levels of 0, 2 and 4% to Red wheat based turkey poult rations are shown

in Table 56. Although there were no significant differences in the

treatments, there was a slight improvement in body weight with the addition

of 2% animal fat. Addition of 4% animal fat tended to suppress body

weight, although feed conversion was better than for the other treatments.

Results of experiments supplementing poult rations based on corn,

Yamhill and Red wheats with Nopgro, a commercial enzyme concentrate, are

shown in Tables 57 and 58, respectively. Data in Table 57 shows that

there were no significant differences in body weight or feed conversion

when supplementing corn or Yamhill wheat with the enzyme concentrate.

Table 58 shows a significant improvement for the enzyme supplemented

Red wheat treatment, as compared to the corn based rations, It should

be noted that the heavier weights attained in Table 57 versus Table 58

were the result of using a heavier strain of turkey in the second

experiment.

c. Turkey Breeder Hen Experiments. Results of turkey breeder hen

experiments involving Nopgro, with White Western and Red wheat are

shown in Tables 59 and 60 respectively. Birds fed corn with and

without enzyme supplementation were used as controls.

Although results for each factor measured were not significantly

different for either trial, there were some general trends evident.

In both trials, birds fed the supplemented wheat ration produced more

eggs and required less feed per dozen eggs as compared to the other wheat

or corn treatments.

In Table 59 the decrease in fertility for the birds fed the enzyme

supplemented wheat treatment was due to one male with a low fertilizing
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Table 56. Performance of Small White turkey poults fed corn andlanimal
fat supplemented Red wheat rations. Eight week data.'

Treatment Body wt. Feed

(kg) Cony.

1. Corn control 1.771a 1.93a

2. Wheat, Red 1.775a 1.94a

3. As 2 + 2% animal fat 1.848a 1.91a

4. As 2 + 4% animal fat 1.766a 1.80a

20-77-02

1

Means in the same column followed by different superscripts are
significantly different (P< 0.05).
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Table 57. Performance of Small White turkey poults fed Yamhill wheat
and corn rations supplemented with an enzyme. Eight week

data.

Treatment Body wt. Feed

(Kg) Cony.

1. Corn control 1.748a 2.14a

2. As 1 + enzyme
2

1.798a 2.15a

3, Wheat, Yamhill 1.748a 2.12a

4. As 3 + enzyme 1.789a 2.12a

20-76-01

1
Means in the same column followed by different superscripts are
significantly different (P< 0.05).

2
Nopgro, an enzyme concentrate, provided by Diamond Shamrock Chemical
Company, Fresno, California. 2000 ppm.

Table 58. Performance of Large White turkey poults fed Red wheat
and corn rations supplemented with an enzyme. Eight

week data.

Treatment Body wt. Feed

(Kg) Cony.

1. Corn control

2, As 1 + enzyme
2

3, Wheat, Red

4. As 3 + enzyme
2

2.479bc

2.465c

2.579b

2.756a

1.39
ab

1.93a

1.90a

1.84
b

20-76-03

1
Means in the same column followed by different superscripts are
significantly different (P< 0.05).

2
Nopgro, an enzyme concentrate, provided by Diamond Shamrock Chemical
Company, Fresno, California. 2000 ppm.
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capacity, compared to the other males in single pen artificially insem-

inated replicates. In Table 60, the best fertility was shown with the

birds fed the Red wheat which was supplemented with the enzyme.

Hatchability of fertile eggs showed an improvement with enzyme

supplementation for both the White Western and Red wheat fed birds.

It should be pointed out that the high protein content of the Red

wheat completely replaced the 5.7% soybean meal that was present in the

corn control ration. From this result, it appears that Red wheat is able

to perform well as a protein supplement replacement in turkey breeder

hen rations (see Table 22).

2. Full Factorial Experiments

a. Japanese Quail Experiment. Body weights obtained for each

treatment combination are shown in Table 61. Analysis of variance for

the effect of wheat based quail rations supplemented with five dietary

additives and combinations of additives are shown in Table 62.

The only significant effect was on the body weight of the birds

fed rations supplemented with 4% soybean oil. Table 63 shows the means

which were calculated according to the procedure outlined in Petersen

(1976) for the effect of feeding birds rations with and without 4%

soybean oil. The means of a corn and semipurified diet are indicated

for comparison. It is interesting to note the wheat plus soybean oil

mean value compares with the mean obtained from birds fed the semipurified

ration, which incidentally, also contained 4% soybean oil.

b. Broiler Chick Experiment. Body weights obtained for each treatment

combination are shown in Table 64. Analysis of variance for the effect

of wheat based chick rations supplemented with five dietary additives

and combinations of additives are shown in Table 65.

Addition of 4% animal fat showed a significant improvement in

responses as opposed to the absence of animal fat in rations. A

significant effect for addition of 55 ppm zinc bacitracin was also

evident. It was interesting to note that the magnitude for the biotin

and zinc bacitracin interaction was fairly high, even though it was not

significant at the 0.05 level of probability. However, the interaction



Table 59. Performance of turkey breeders fed White Western wheat and corn rations supplemented with
an enzyme. Eighteen week data.'

Treatment Eggs/Hen
No.

Feed/doz,
Eggs

Fert.

(%)

Hatch. (F.E.)

(%)
(kg)

1. Corn control 57.4a 5.630a 92.3a 72.2a

2. As 1 + enzyme
2

55.9a 5.539a 91.7a 70.5a

3. Wheat, White Western 53.8a 5.584a 91,3a 73.9a

4. As 3 + enzyme
2

62.5a 5.176a 88.0a 74.1a

20-76-02

1
Means in same column followed by different superscripts are significantly different (13 0.05).

2
Nopgro, an enzyme concentrate, provided by Diamond Shamrock Chemical Company, Fresno, California. 2000 ppm.



Table 60. Performance of Medium White turifey breeders fed Red wheat and corn rations supplemented with
an enzyme. Eighteen week data.'

Treatment Eggs/Hen
No.

Feed/doz.
Eggs

Fert,

(%)

Hatch. (F.E.)

(%)
(Kg)

1. Corn control 64.0a 4.77
a

93.0a 77.2a

2. As 1 + enzyme
2

66.5a 4.63a 93.4a 70.0a

3. Wheat, Red 69.5a 4.63a 90.0a 67.0a

4. As 3 + enzyme
2

70.4a 4.50a 97.0a 73.1a

20-77-01

1
Means in the same column followed by different superscripts are significantly different (P< 0.05).

2
Nopgro, an enzyme concentrate, provided by Diamond Shamrock Chemical Company, Fresno, California. 2000 ppm.



113

Table 61. Body weights of Japanese quail fed Yamhill wheat based
rations supplemented with various dietary additives. Two
week data.

Treatment' Body wt.
2

(g)

No Supplement 41.4
SBO 51.0
BI0 46.0
ENZ 44.9
XAN 44.0
ZNB 48.6
SBO x BIO 47.4
SBO x ENZ 47.5
SBO x XAN 45.0
SBO x ZNB 44.9
BIO x ENZ 39.4
BIO x XAN 42.8
BIO x ZNB 48.1
ENZ x XAN 39.9
ENZ x ZNB 46.0
XAN x ZNB 40.8
SBO x BIO x ENZ 46.1
SBO x BI0 x XAN 47.6
SBO x BIO x ZNB 46.4
SBO x ENZ x XAN 46.0
SBO x ENZ x ZNB 48.1
SBO x XAN x ZNB 47.4
BIO x ENZ x XAN 46.4
BIO x ENZ x ZNB 45.6
BIO x XAN x ZNB 40.4
ENZ x XAN x ZNB 46.8
SBO x BIO x ENZ x XAN 45.1
SBO x BIO x ENZ x ZNB 48.9
SBO x BIO x XAN x ZNB 45.4
SBO x ENZ x XAN x ZNB 46.1
BIO x ENZ x XAN x ZNB 43.5
SBO x BIO x ENZ x XAN x ZNB 48.4

15-77-15

1

SBO = Soybean oil; BIO = Biotin; ENZ = Enzyme (Nopgro); XAN
Xanthophyll; ZNB = Zinc Bacitracin,

2
Each body weight is the mean body weight of eight birds.
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Table 62. Analysis of variance for the effect of wheat based rations
supplemented with dietary supplements on the body weight of
Japanese quail chicks. Two week data.

Source
1

d.f. Sum of Squares
2

SBO 1 68.15*
BIO 1 0.03
ENZ 1 0.07
XAN 1 19.07
ZNB 1 6.94
SBO x BIO 1 0.01
SBO x ENZ 1 0.02
SBO x XAN 1 1.16
SBO x ZNB 1 7.13
BIO x ENZ 1 0.26
BIO x XAN 1 2.05
BIO x ZNB 1 0.30
ENZ x XAN 1 8.10
ENZ x ZNB 1 14.18
XAN x

3
ZNB 1 3.71

Error 16 110.84

15-77-15

1

SBO = Soybean oil; BIO = Biotin; ENZ = Enzyme (Nopgro); XAN =
Xanthophyll; ZNB = Zinc Bacitracin.

2 * = Significant (P.< 0.05).

3
MSE = 110.84/16 = 6.9275
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Table 63. Body weight means of Japanese quail fed Yamhill wheat based
rations with and without soybean oil supplementation. Two
week data.1,2

4% Soybean Oil

(-)

Mean Body wt. (g) 44.0 47.0

15-77-15

1

Factor was determined to be significant in Table 62. Calculation of
mean values were combined by the procedure outlined in Petersen (1976).

2
Two groups of chicks with two replicates each were fed either corn or
semipurified rations for comparison. The resulting average body weights
were 41.4 and 46.8 g, respectively.
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proved to be significant at the 0.10 level of probability. This indicates

that it might be worthwhile to investigate the relationship between zinc

bacitracin and biotin in a future experiment. Calculated means (as was

done for the quail experiment) for each of the factors considered

significant, are shown in Table 66.

In each of the experiments, comparisons were made with a semipurified

and corn ration for the Japanese quail and with a corn ration for the

broiler experiment. It should be noted, however, that in order to make

a valid statistical comparison of the corn or semipurified rations with

the appropriate treatment, a total of 16 replicates would be needed to

get the same precision attained with the full factorial experimental

design.

From these experiments, it can be seen that full factorial experiments

and related designs may be useful in screening out important factors which

require further study. The designs are particularly useful in evaluating

experiments which involve more than five factors. With six or more factors,

a fractional experiment (Petersen, 1976) can be used. Petersen has inclu-

ded main order designs for ten variables, and first order designs for

eight variables. For 9, 10 or 11 factors, 128 experimental units are

needed to estimate all main order and two factor interactions. Designs

involving 128 units can be divided into blocks (in other words, the

experiment can be divided into parts which can be conducted at different

times or places, thereby making efficient use of experimental facilities).

Plans for various block sizes are presented by Connor et al. (1957).

3. Response Surface Experiments

a. White Leghorn Cockerel Experiment. Average weekly body weight

and feed conversion at four weeks for White Leghorn cockerels fed corn

and Yamhill wheat rations with varying protein and animal fat percentage

are shown in Tables 67 and 68, respectively.

Regression equations were found and analysis of variance conducted

according to response surface methodological procedures for such data.

It was found that the linear terms of the regression model describing

body weight were significant while the quadratic terms were not significant
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Table 64. Body weights of broiler chicks fed Yamhill wheat based rations
supplemented with various dietary additives. Four week data.

Treatment) Body wt.
2

(9)

No Supplement 623
ANF 695
BIO 611

ENZ 645

XAN 645
ZNB 702

ANF x BIO 705
ANF x ENZ 630
ANF x XAN 633
ANF x ZNB 720
BIO x ENZ 683
BIO x XAN 649

BIO x ZNB 632
ENZ x XAN 653

ENZ x ZNB 726
XAN x ZNB 604

ANF x BIO x ENZ 667

ANF x BIO x XAN 740

ANF x BIO x ZNB 703

ANF x ENZ x XAN 633

ANF x ENZ x ZNB 699

ANF x XAN x ZNB 744
BIO x ENZ x XAN 616
BIO x ENZ x ZNB 625

BIO x XAN x ZNB 638
ENZ x XAN x ZNB 634

ANF x BIO x ENZ x XAN 681

ANF x BIO x ENZ x ZNB 678
ANF x BIO x XAN x ZNB 689
ANF x ENZ x XAN x ZNB 703

BIO x ENZ x XAN x ZNB 752

ANF x BIO x ENZ x XAN x ZNB 714

1

ANF = Animal Fat; BIO = Biotin; ENZ = Enzyme (Nopgro); XAN =
Xanthophyll; ZNB = Zinc Bacitracin.

15-77-20

2
Each body weight is the mean body weight of ten broiler chicks (equally
divided by sex).
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Table 65. Analysis of variance for the effect of wheat based rations
supplemented with dietary additives on the body weight of
broiler chicks. Four week data.

Source
1

d.f. Sum of Squares
2

ANF 1 15797.5**
BIO 1 1140.0
ENZ 1 1001.3
XAN 1 52.5
ZNB 1 3130.0*
ANF x BIO 1 457.0
ANF x ENZ 1 1001.3
ANF x XAN 1 1667.5
ANF x ZNB 1 294.0
BIO x ENZ 1 5.3
MO x XAN 1 205.0
BIO x ZNB 1 2295.0
ENZ x XAN 1 331.5
ENZ x ZNB 1 215.3
XAN x

3
ZNB 1 399.0

Error 16 10609.6

15-77-20
1

ANF = Animal Fat; BIO = Biotin; ENZ = Enzyme (Nopgro); XAN =

Xanthophyll; ZNB = Zinc Bacitracin.

2 * = Significant (P< 0.05).
** = Significant CP< 0.05).

3
MSE = 10609.6/16 = 663.1
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Table 66. Body weight means of broiler chicks fed Yamhill wheat based
rations with and without supplemented (1) animal fat or
(2) zinc bacitracin. Four week data.1,2

1. 4% Animal Fat

Mean Body wt. (g) 654.8 699.2

2. 55 ppm Zinc Bacitracin

Mean Body wt. (g) 667.0 687.0

15-77-20

1

Factors were determined to be significant in Table 65. Calculation
of mean values were conducted by the procedure outlined in Petersen
(1976).

2
Three replicates of broiler chicks were fed a corn ration for comparison.
The resulting average body weight was 687.3 g.
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for each of the groups of birds fed corn and Yamhill wheat rations

varying in protein and fat percentage. On the other hand, the quadratic

terms and not the linear terms were found to be significant for the

feed conversion of the Yamhill wheat and corn (P 0.10) fed birds.

Figures 2 through 5 show comparisons of the response surfaces for

weekly body weight for both the wheat and corn fed birds. Figure 6

shows the comparison of the feed conversion response surfaces for the

two groups of birds. The following are the equations which were found to

describe the responses.

For corn fed birds:

yl = 70.56 + 2.59P - 1.97F

y2 = 125.62 + 8.17P - 4.72F

y3 = 201.62 + 13.50P - 5.89F

y4 = 287.56 + 21.22P - 9.03F

Y
fc

1.98 + 0.12P2 + 0.06F
2

- 0.02PF

For Yamhill wheat fed birds:

yl = 67.28 + 3.05P + 1.03F

y2 = 120.22 + 8.18P + 1.49F

y3 = 193.80 + 16.04P + 1.17F

y4 = 284.52 + 28.62P - 3.82F

yfc = 1.96 + 0.20P2 + 0.04F2 - 0.06PF

Where: yn = Body weight response for each respective week (n = 1-

4); yfc = feed conversion for the fourth week; P = Protein

percent and F = Fat percent.

A comparison was made between regression equations to see if in

fact they describe the same responses for each of the grains on each of

the successive weeks and for the fourth week feed conversion. This was

done according to procedures outlined in Neter and Wasserman, 1974.

The results showed that there was a significant difference between

weekly equations describing corn fed bird responses and wheat fed bird

responses. Therefore, this indicated that the equations were describing

different responses according to the type of grain fed to the birds.

It should be noted here that the linear equations describe a valley

or hole for feed conversion. An examination of the linear equations for
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body weight shows that the intercept was consistently larger for the corn

fed birds. This seems to indicate that there was a greater growth

response for the corn fed birds.

Although there is no apparent difference for coefficients of the

protein terms for each pair of weekly equations, there does not appear to

be a steeper slope for the corn fed birds. The real difference, however,

appears to be in the slopes of the animal fat terms. There is a steady

decrease in the slope on a weekly basis for corn fed birds while there

is no apparent change in the coefficient for wheat fed birds until the

fourth week, when the slope changed from positive to negative. A

t-test was conducted on the coefficients for comparative purposes and

it was found that the coefficients for both protein and fat percentages

were significant for corn fed birds, while coefficients for the wheat fed

birds showed a significance only for the protein term. It should be

noted that the t-test should be used only as a guideline, because the

test considers each variable independently, and not simultaneously (Neter

and Wasserman, 1974).

The significant effect of fat only in the corn treatments seems to

indicate that fat is better utilized in the corn ration than the wheat

ration. That is, if the protein is held constant while increasing the

fat percent, a steady decrease in body weight would occur in the case of

corn, and a slight or possibly no decrease in body weight would occur in

the case of wheat. This might be explained by the fact that with the

corn ration the bird is meeting its energy needs (but not the other

nutrients) through increased fat utilization. On the other hand, it



Table 67. Treatment combinations and resulting weekly body weights and feed conversion of SCWL cockerels
fed corn rations with various levels of protein and fat,

Treatment Protein Fat Body wt,
1

Feed

(%) (%)
(g each week) Conv.

1 2 3 4

1. 18 1.2 70.2 121.7 192.0 281.3 2.21

2. 28 1.2 75.3 135.2 213.6 311.2 2.14

3. 18 6.8 65.8 109.3 176.2 254.4 2.22

4. 28 6.8 72.0 131.1 208.2 303.8 2.08

5. 15.9 4.0 65.1 109.9 169.4 240.1 2.29

6, 30.1 4.0 71,8 131,2 207.8 304.0 2.16

7, 23 0.0 72.7 131,7 207.6 305,3 2.13

8. 23 8.0 67.0 116.6 189.3 278.5 2.08

9. 23 4.0 70.5
2

125.6
2

201.62 287.6
2

1.98
2

15-77-23

1
Body weights are based on an average of two replicates (ten birds per replicate).

2
Average of five center points.



Table 68. Treatment combinations and resulting weekly body weights and feed conversion of SCWL cockerels
fed Yamhill wheat rations with various levels of protein and fat.

Treatment Protein Fat Body wt,
1

Feed

(%) (%)
(g each week) Cony.

1 2 3

1. 18 1.2 68.3 117.7 180.7 239.3 2.17

2. 28 1.2 68.2 119.9 194.7 277.9 2.30

3. 18 6.8 65.4 112.2 170.8 228.1 2.22

4. 28 6.8 73.6 130.0 204.3 296.2 2.09

5. 15.9 4.0 63.3 103.2 158.9 231.4 2.45

6. 30.1 4.0 74.8 135.4 216.0 309.9 2.29

7. 23 0.0 67.8 120.5 191.9 333.2 2.08

8. 23 8.0 71.8 125.7 197.9 273.9 2.02

9. 23 4.0 67.3
2

120.2
2

193.8
2

284.5
2

1.96
2

15-77-23

1
Body weights are based on an average of two replicates (ten birds per replicate).

2
Average of five center points.
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would appear that in the wheat ration, the fat is not being used. A

possible reason for the increased fat utilization of fat in the corn

treatment is the presence of the unsaturated fatty acid - linoleic acid.

The presence of unsaturated fatty acids (like linoleic acid) can improve

the absorbability and, therefore, the energy value of saturated fatty

acids such as those found in animal fat (Young and Garrett, 1968; Scott

et al., 1976).

The results of the cockerel trial were surprising. It was expected

that the body weight responses would form a hill or ellipsoid shape

(the equation involving quadratic terms) as was found by Yoshida et al.

(1962) and Roush et al. (1978) in their investigation of the relation-

ship between body weight and protein and energy levels for chicks and

quail, respectively (Appendix 2). The results of this experiment suggest

that the young birds are not effectively using animal fat for body weight

gain. This seems to indicate that the addition of fat to grain rations

in the early stages of growth may not be considered the addition of energy

per se.

Examination of the literature shows that age is a factor involved

in the utilization of animal fat by the bird. Duckworth et al. (1950)

found that the absorbability of mutton fat increased with the age of

the bird. In a study of the utilization of corn oil, lard and animal

tallow by growing chicks, Renner and Hill (1960) found that age only

affected the utilization of tallow by the growing chick. Fedde et

al. (1960) indicated that for chicks fed a corn based ration, there was

an increase in the absorption of beef tallow from 2 to 8 weeks.

The animal fat did have an effect on the feed conversion of the

birds (Figure 6). The results indicate that the best feed conversion

occured at the theoretical optimum of the response surface for both

groups of birds fed corn and Yamhill wheat. The diet at that point

consisted of 23% protein and 4% animal fat. The feed conversion at that

point was 1.96 and 1.98 for the wheat and corn rations, respectively.

The corresponding body weights as calculated from the equations describing

the surfaces were 284.52 and 287.56 grams. These calculated values

were the same values which were experimentally observed.
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As was found in this study, Biely and March (1954) found that the

greatest benefit from animal tallow was on the efficiency of the use of

the rations. Biely and March also found that the rate of growth was

reduced with cockerels with the addition of animal tallow to the basal

ration. When they added fat to a 19.0% protein ration at levels of 5

and 7.5%, growth of the birds was depressed. The addition of fat to

24 or 28% protein had no significant effect on body weight. Efficiency

however, was increased when animal fat was added to the 28% protein

ration. Similar results were found by Cantor (1978) in studies with

turkey poults. He also noted that the main effect of dietary fat was

on feed utilization rather than body weight. It was further noted in his

study that the beneficial effect of dietary fat was much greater after

the birds were eight weeks of age.

b. Turkey Poult Experiment. Average poult body weight and feed

conversions for two and four weeks when fed Yamhill wheat rations are

shown in Table 69. Figure 7 shows fourth week response surfaces.

Regression analysis and analysis of variance were conducted as was

done in the previous cockerel study. At two weeks, both linear and

quadratic terms of the response surface model for body weight were found

to be significant (P< 0.01 for the linear terms). This was a different

response than was found for the chick experiment. A study of the data

showed protein to be the primary influencing factor on body weight

regardless of fat level. Again, by using the t-values of the coefficients

as a guide, it was observed that the quadratic term that was causing the

significant effect was the square of the protein value (P2).

The four week data for body weight was shown to be described by a

linear equation, as was noted in the cockerel study.

The following equations were determined to describe the body

weight of the poults fed Yamhill wheat rations at two (y2) and four

(y4) weeks.

y2 = 234.50 + 23.95P - 12.30P2

y
4
= 650.70 + 84.04P + 1.74F

Similar results were found for feed conversion. The equations

describing these results at two (y2fc) and four (y4fc) weeks were:
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y2fc = 1.32 - 0.07P + 0.05 P
2

Y4fc1.77 - 0.18P - 0.06F

The two week data for both body weight and feed conversion are

described by a curvilinear equation. A maximum protein level can be

determined by taking the first derivative of each of the equations as

follows:

y2 = 234.50 + 23.95 - 12.30 P
2

dP2=
23.95 - 24.60P

Setting the equation equal to zero and solving the equation for P,

then P = 0.97. Putting this coded value into the coded equation for

the protein treatment for this experiment, the protein level which gives

a maximum value for body weight was found to be given at 23.85% protein.

The body weight calculated at the optimum would be 246.17 grams.

Likewise, the protein level which was calculated to give a maximum

feed conversion was 31.50% protein. Feed conversion at that calculated

point was 1.30.

Both the cockerel and poult studies seem to indicate that the

young bird does not utilize animal fat very well for body weight gain.

It seems that in both cases, protein was the determining factor for body

weight gain.

In retrospect, the results of the response surface experiments

seem to clarify the results of previous experiments where there were

no significant differences in the body weight of birds fed Yamhill wheat

rations supplemented with various levels of animal fat. Several of the

experiments showed a sight curvilinear trend in body weight gain as

animal fat was added to the ration. The curvilinear trend in body weight

gain may have been more statistically apparent in both the cockerel and

poult study if the experiments had been continued beyond four weeks or if

a faster growing bird had been used.

The growth response shown in the full factorial experiment when

animal fat was added to the wheat ration seems to be at variance with

the previous results shown in this thesis. However, there are two

possible reasons for this apparent inconsistency. First, a faster



Table 69. Treatment combinations and resulting two and four week body weights and feed conversions for
turkey poults fed Yamhill wheat rations with various levels of protein and fat,

Treatment Protein Fat Week1

(%) (%)

Body wt.

(g)

2

Feed
Conv.

Body wt.
(g)

4

Feed
Conv.

1. 23 0.9 212.0 1.55 535.4 2.20

2. 33 0.9 244.8 1.35 678.3 1.74

3. 23 5.1 205.6 1.38 529.2 1,85

4. 33 5.1 259.6 1,27 728.8 1.55

5. 20.9 3.0 181.5 1.50 448.2 2.14

6. 35.1 3.0 255.9 1.33 681.4 1.68

7. 28 0.0 256.9 1.37 670.7 1.80

8. 28 6.0 243.9 1.29 649,3 1,87

9. 28 3.0 241.12 1.32
2

650.7
2

1.77
2

Corn control 28 2.0 231.5 1.06 617.9 1,72

20-78-05

1
Body weights are based on an average of two replicates (ten birds per replicate

2
Average of five center points.

na
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developing bird was used in the full factorial experiment than in the

response surface experiments. And second, the full factorial design

is very sensitive in detecting response due to the large number of

treatment replicates inherent in the experimental design.
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V. SUMMARY AND CONCLUSIONS

Several experiments were conducted using various types of poultry

to find efficient screening methods for new feed grains and feed grain

additives and supplements. A secondary objective was to improve and

maximize the production responses of poultry fed locally grown grains.

The following is a summary of the findings of this thesis:

A. Evaluation of Feed Grains for Energy and Protein Quality

1. Energy

The 'true metabolizable energy' method using force-fed roosters as

outlined by Sibbald (1976a)was found to be a rapid and economical method

for determining energy values for new feed grains.

2. Protein Quality

Although Japanese quail were found to be effective for evaluating

Protein Efficiency Ration rankings for feed grains fed to turkeys, the

methodology and the methodology of current protein quality Procedures

in general were found to be inadequate for the evaluation of feed grains

for formulated poultry rations.

B. Utilization of the Nutritional Quality of Feed Grains

1. Replacement of Grain for Corn on a Percentage Basis

Results of poultry experiments showed that it is possible to

effectively use and evaluate feed grains when they are substituted on a

percentage basis with corn. Broilers fed 50:50, 75:25 and 100:0 (wheat:

corn) resulted in body weight gains and feed conversions comparable

to a practical corn control. Similar positive results were found with

laying hens and Japanese quail.

2. Protein Adjusted Rations

It was found that grain rations formulated on a protein adjusted

basis with a corn control not only replaced corn in the ration, but

also replaced supplemental protein (soybean meal, etc.). The soybean

replacement value of a feed grain was proposed as an important consider-
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ation in the evaluation and screening of new feed grains.

Broilers fed a Red wheat ration formulated on a protein adjusted

basis with a corn control significantly increased body weight and

improved feed conversion when compared with birds fed a practical corn

control ration. In comparison with the corn control ration, there was a

replacement of approximately 11% of the soybean meal by the Red wheat.

With laying hens, it was found that 2.8% soybean meal could be

replaced by Yamhill wheat when the ration was formulated on a protein

adjusted basis without affecting the performance of normal-sized birds

as compared to a corn control. The same result was noted for dwarf

laying hens when they were compared to a dwarf corn control.

In a turkey poult experiment, Red wheat was superior to a Yamhill

wheat treatment and the Yamhill wheat treatment was superior to a corn

control for body weight when the wheat rations were adjusted for protein

and energy. There were no significant differences in feed conversion.

Yamhill wheat replaced 2.65% and Red wheat replaced 6.65% of the soybean

meal as compared to the corn control.

3. Low-Protein Rations Supplemented with Amino Acids

Low-protein rations supplemented with amino acids were examined

experimentally. Low-protein broiler rations (18% protein) supplemented

with lysine, methionine or threonine at levels calculated to be equivalent

to NRC amino acid requirements in a 23% protein ration were found to

give variable results, depending on the type of grain used. Broilers

fed Yamhill wheat based rations (18% protein) supplemented with lysine

showed a slight body weight gain over the unsupplemented low-protein

ration. No further improvement was noted by the addition of methionine.

A reduction in body weight was noted from the addition of threonine. A

comparable feed conversion with the corn and wheat control was noted when

both lysine and methionine were supplemented to the low-protein ration.

Broilers fed a Red wheat ration (18% protein) supplemented with

lysine, methionine and threonine were statistically comparable in body

weight with both the wheat and corn controls. Feed conversion with the

addition of all three amino acids was the poorest of the treatments for
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both Yamhill and Red wheats. Yamhill and Red wheat in the low-protein

rations replaced 15.8 and 24.08% soybean meal respectively, when compared

to the corn control.

Low-protein laying hen rations (13% protein) based on Yamhill wheat

and supplemented with 0.1% lysine and 0.1% methionine were found to give

comparable results in egg production with the corn and wheat based

controls for normal-sized laying hens. Production of dwarf layers was

significantly lower than the control treatments.

Yamhill wheat was found to replace 10.3% soybean meal in both

normal-sized and dwarf hen low-protein rations as compared to a corn

control.

In the course of the low-protein experiments, a biotin-like

dermatitis was noted predominately on the toes of dwarf layers fed

either corn or wheat based rations. Subsequent studies have shown

that the cause of the dermatitis is other than a biotin deficiency.

C. Improvement of Feed Quality Through Dietary
Additives and Supplements

1. Conventional Analysis of Variance

Conventional designs using analysis of variance showed that

supplementation of broiler rations with 2.2 to 11 ppm xanthophyll was

without effect in promoting shank pigmentation. These findings were

at variance with the findings reported previously (Arscott, 1965).

Zinc bacitracin in broiler rations was shown to improve the availability

of xanthophyll and therefore, pigmentation.

Broilers fed a Red wheat ration formulated on a protein adjusted

basis with corn and supplemented with 4% animal fat and 55 ppm zinc

bacitracin significantly increased body weight and improved feed conver-

sion when compared to birds fed a practical corn based control ration.

Poult studies showed that there was no advantage to supplementing

Red wheat based rations with animal fat at levels of 2 or 4 percent.

A commercial enzyme, Nopgro, was found to be effective in

significantly improving production responses for poults and turkey

breeder hens fed wheat based rations.
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2. Full Factorial Experiments

Singly replicated or full factorial (with hidden replication) designs

were found to be effective in screening the effectiveness of five dietary

additives and their interactions for Japanese quail and broiler chicks.

The five dietary additives and supplements evaluated were 4% soybean oil

(quail), or animal fat (broilers), biotin, an enzyme (Nopgro), xanthophyll,

and zinc bacitracin. For quail chicks, the only significant response

found was with soybean oil. Broiler chicks had significant responses

with both animal fat and zinc bacitracin.

3. Response Surface Experiments

Response surface methods were found to be effective in examining

and optimizing responses. In protein and fat studies, it was found

that the primary effect of animal fat in grain rations fed to young

birds is on feed conversion, and not body weight gain. However, there

was a difference in body weight gain between birds fed corn and wheat

rations. The difference was thought to be due to the linoleic acid

content of corn which would improve the absorption of the saturated

fatty acids of animal fat. Feed conversion was found to be 1.98 and 1.96

for corn and wheat, respectively, at a level of 23% protein and 4%

animal fat.

In conclusion, it was decided that an effective approach to the

evaluation and screening of newly developed feed grains was to use an

applied approach. That is, evaluate the feed grains on performance and

ability to replace expensive components (energy and protein) in the

ration. Such methods as protein adjusted and low-protein rations could

be used for evaluations.

Evaluation and screening of dietary feed additives and supplements

can be accomplished through use of efficient exploratory experimental

designs, such as full or fractional factorial and response surface designs.
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APPENDIX 1.

Full Factorial Designs

Statistics like nutrition is a young science. Pioneer work,

prior to World War II, in statistical design was primarily applied to

bio-agriculture. At that time, experimental design was constrained by

computing considerations. Care was taken to employ computationally

simple analyses. Orthogonal designs were used as much as possible even

at the expense of a large number of observations.

Today development of designed experiments have shifted from bio-

agriculture to industry, Margolin (.1976) alledged that there are some

basic differences between the requirements and criteria for industrial

and biological research. Margolin suggested that, first, industrial

observations tend to be obtained more quickly, to be more costly, and

to be better controlled. And secondly, Margolin proposed that industrial

research projects usually produce longer lists of potentially important

factors of interest for designed exploratory studies.

The poultry scientist might dispute these proposed differences.

The requirements and criteria for research in poultry science (specifi-

cally nutrition and related disciplines) are really not much different

than industrial experimental objectives.

First of all, research in poultry science deals with an animal

with which there is relatively small variation, is easy to handle,

results are obtained rapidly, and conditions for experiments are easily

controlled, Secondly, for exploratory studies, in the field of nutrition,

there are lists of potential factors (e.g., vitamins, minerals, additives,

supplements, etc.) which should be included in studies to increase the

applicability of results. And like industrial requirements, agricultural

experiments require the need for more efficient, economically feasible

experimental designs.

Full factorial designs have been developed for exploratory research

and may have applicability to nutritional research with poultry, The

method, as far as can be determined by literature review, has not been

used for poultry research.
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Petersen (1976) points out that in the initial phases of a research

program, the primary goal is to identify factors which require further

study. That is, to determine which factors have a major effect on yield

and which are of minor importance. For example, in trying to evaluate

a feed grain such as wheat, a number of questions must be asked: What

is the effect of added energy? What is the effect of supplemental

vitamins or amino acids? What is the effect of supplemental enzymes or

antibiotics? What is the effect of combinations of these factors? The

factors in these questions ideally require experiments which permit the

simultaneous evaluation of many factors. Other factors must also be

considered. That is, the screening experiments should be as small as

possible. Common exploratory procedures become prohibitive as the

number of factors and interactions are considered. For instance, with

five factors and two replicates, a total of 64 treatments would be needed.

Yates (.1937) proposed a method by which several factors and their

two factor interactions could be evaluated with relative efficiency of

experimental material. Yates proposed the use of singly and fractionally

replicated factorials which are based on the 2n factorial experimental

designs, where 2 is the number of levels for each factor and n is the

number of factors of interest. Cochran and Cox (1957) devote a chapter on

the concept of the factorial design.

The basis for the construction of the singly or fractionally

replicated factorials is the assumption that high-order interactions

(three factors or more) can be ignored. Petersen (1976) indicates that

this is a reasonable assumption particularly for exploratory studies.

Under this assumption, high-order interactions are assumed to express

random variation and are used to measure error in the data analysis.

The terms - singly or fractionally replicated factorials - are

misleading as there'is hidden replication in the design (Mead and Pike,

1975). For example, a design which has five factors and all combinations

of those factors would have a total of 32 treatments. Examination of the

design reveals that the 32 treatments can be divided into two sets of 16

treatments - one set in which factor A is present, and the other set in

which factor A is absent. The difference between the two sets is the
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single factor A. It is as if the entire experiment were being used to

test factor A alone with 16 treatments containing A and 16 treatments

without factor A. The effect of A is estimated with the same precision

as an experiment with 16 replications devoted to testing only factor A.

The same arguement may be made for the other factors - B, C, D and E. If

these five factors were to be tested in a single factor experiment 16

treatments would be needed for each factor and an additional 16 treatments

would be needed for controls.

An additional advantage is that the effect of two-factor interactions

can also be determined. Using the five factor experiment for an example,

one might be interested in the effect of the interaction of factors A and

B or the AxB interaction. In the example, the AB interaction occurs

eight times, and there are eight times that it does not occur. Therefore,

the same inference can be made for the interactions that was made for

the single factors.

Calculation of the sum of squares and subsequent calculations are

based on the presence or absence of a factor in the treatments or

treatment combinations. Yates (1937) proposed a simple procedure for

calculating the sum of squares. Barnes and Petersen (1977) developed

a computer program based on the Yates procedure (as outlined in Cochran

and Cox, 1957). The error term used to test the treatments and their

combinations is calculated from the pooled sum of squares of the high

order interaction terms,

As was pointed out, the full factorial designs are useful primarily

as screening tools for large numbers of factors. They permit an efficient

and economical method for identification of the more important factors

in a study that may require further investigation.
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APPENDIX 2.

An Application of Response Surface Methcdology
to Research in Poultry Nutrition'

W. B. Roush*, R. G. Petersen**, and G. H. Arscott*

Department of Poultry Science* and Statistics**
Oregon State University, Corvallis, Oregon 97331

ABSTRACT

Response Surface Methodology (RSM) is an experimental procedure

for exploring and examining the nature of responses obtained from the

simultaneous variation of quantitativefactors. The method has been

used only to a limited extent in poultry research.

Statistical procedures were discussed for fitting a response

surface to experimental data. An outline was made of the mathematical

process for finding the stationary point, yield at the stationary point,

and nature of the response surface.

A poultry example was given which involved the investigation of

the protein and energy requirements of Japanese quail. The advantage

of RSM was shown when it was determined by RSM procedures that the optimum

response for body weight was out of the exploratory region covered in the

first trial. A second trial was then conducted based on the levels of

protein and energy predicted to give an optimum body weight. Optimum

responseswere shown for both body weight and feed conversion. Examination

of the responses by three dimensional figures and computer plotting of

contours was shown.

The RSM procedure appears to offer an efficient method for examining

the requirements and relationships of nutrients for poultry.

1
Technical Paper No. 4957 . Oregon State Agricultural Experiment

Station.
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Poultry Science:

INTRODUCTION

The poultry researcher in nutrition and related disciplines, is

often faced with the problem of investigating the relationship among

several quantitative variables in an effort to optimize a response.

Advances have been made in experimental design and analysis which allow

the researcher to investigate such problems.

One such technique is Response Surface Methodology (RSM) which is

an integration of experimental strategy, mathematical methods and

statistical inference,which together can be used to efficiently make

an empirical exploration of the relationships that are of interest. While

a common procedure is to vary one factor while holding the other factor

or factors contant, RSM techniques allow for the simultaneous variation

of several factors to find the quantitative level which will give the

most desirable response.

Box and Wilson (1951) were the first to report on this subject.

The theory and technique of RSM have since been described in a number

of papers (Box, 1954; Box and Youle, 1955; Box and Hunter, 1957;

Gardiner, et al, 1957; and Deming et al., 1976), reviews (Hill and

Hunter, 1966; Mead and Pike, 1975) and texts (Davies, 1954; Cochran and

Cox, 1957; Meyers, 1976; Anderson and McLean, 1974 and others).

The development of RSM has been primarily in the field of industrial

research; however, the method has been applied in agronomy (Hader et al.,

1957; Moore et al., 1957; Welch et al., 1963), agricultural economics

(Heady and Dillon, 1961; Dillon, 1977) and animal science (Cragle et al.,

1955; Church and Petersen, 1960; Chandler and Cragle, 1962; Chandler et

al, 1967; Wiggin and Almqufst, 1975; and Robbins et al., 1976).

The use of RSM optimization techniques in poultry research has been

limited. Yoshida and his coworkers (1962, 1968, 1969) have used the

technique to optimize the growth and feed efficiency of chicks by varying

the protein and energy levels of experimental rations. Mraz (1961a,b)

used RSM designs to study calcium, phosphorus and vitamin D3 on Ca
45

,

P32,

133
Ba , and Sr

89
uptake by chicks. Waddel and Sell (1964) also used RSM
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designs to study the effects of calcium, and phosphorus on the utilization

of iron by the chick. The studies by Mraz, Waddel and Sell appear to

have used RSM experimental designs for their efficiency of material

usage, rather than for their optimization properties.

Mead and Pike (1975) suggest that the reason that RSM is used to a

limited extent in biological studies is that researchers in general are

not aware of the technipue.

The primary purpose of this paper is to outline the procedures and

to show a poultry nutrition example for the solving of an optimization

problem involving two quantitative variables,
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PROCEDURE

The fitting of a response surface to experimental data is merely

an extension of multiple regression. It is presupposed that there is

a mathematical function which describes a response. The empirical model

chosen for approximating the response is usually a second order polynomial

and is fitted to the experimental data by regression methods.

It is of advantage if the experiment is designed so that the center

of the surface will be as close to the theoretical optimum response as

possible. The decision as to where to set the experimental factor levels

usually comes from previous knowledge attained through either experimen-

tation or experience.

An experimental design is chosen which will provide enough information

without an excessive number of experiments or treatments. For a small

number of factors (n = 2 or 3), a 3 factorial design with treatments at

all three levels of n factors is usually satisfactory. However, a disad-

vantage of the 3
n

factorial series is that with more than 3 x-variables

the experiments become exceedingly large.

Box and Wilson (1951) developed a central composite rotatable design

(CCRD) specifically for fitting second order response surfaces. These

designs are based on the 2n factorial series. Central composite designs

have 2n + 2n + 1 treatment combinations. Therefore, with 2, 3 or 4 x-vari-

ables, the experiment requires 9, 15 or 25 treatment combinations as com

pared to the 3
n

series which would require 9, 27 or 81 treatment combina-

tions

Figure 1 shows the configuration of a CCRD with two x-variables.

Coded levels used in the place of the treatment levels facilitate statis-

tical calculations. The design can be subdivided into three parts: (1)

the four points (-1, -1), (1, -1), (-1, 1), (1, 1) which constitute a

2
2

factorial, (2) the four points (-1.414, 0), 1.414, 0), 0, -1.414) and

(0, 1.414) which are extra points added equidistant from the center with

those of the 2
2
factorial to form a central composite design and (3) five

points which are added at the center to give roughly equal precision for

the estimation of y within a circle radius of 1 (Cochran and Cox 1957).
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Statistical Analysis, Standard multiple regression procedures are

used to approximate the coefficients of the following second order

equation:

y = bo + blxl + b2x2 +bx
2

b x
2

2 +b
12
xx

11 1 22 1 2

Where y = the response; bi rs coefficients for each variable and xi =

the variables. Table 1 shows the matrix structure for two variables.

In the regression analysisxo' x1, x2,
1

x
2

' 2
x

2

'

x1 x2 are the independent

variables which are regressed against the response of y, the dependent

variable. Standard analysis of variance procedures are used to determine

the fit of the equation to the experimental data.

If it is determined through analysis of variance that the surface

is linear and not quadratic, then there is neither a maximum nor a

minimum for the experimental area. Therefore, exploratory procedures

such as the "method of steepest ascent or descent" (Cochran and Cox, 1957;

Myers, 1976) are used to search for an area where an optimum response

exists, if there is one.

It is is determined that the surface is best described by an equation

of higher order than a second order equation, it is usually an indication

that the experimental design covers too large of a factor region. Therefore,

the intervals between treatment points should be reduced.

Examination of the Fitted Surface. Once a surface is fitted with

a second order equation, the interpretation of the results is facilitated

by plotting the response contours. In the case of two variables, for

each set of values of x
1,

the fitted equation is solved as a quadratic in

x2. This gives a series of points (x1, x2) that lie on a contour. This

procedure is laborious, and can be more easily accomplished by computer

plotting. An alternative procedure is to calculate y from the fitted

equation for each of a grid of values of xl and x2 which cover the

experimental region, The contours are then drawn in freehand (Cochran

and Cox, 1957).

It is usually of value to mathematically pinpoint the position of

the maximum or minimum value of the response y, if it exists. The

mathematical process involves matrix algebra and elementary calculus,
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Figure 1. Central composite rotatable design (CCRD) for two

x.- variables (After Cochran and Cox, 1957),
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Table 1. Central composite rotatable design in two x-variables.

Treatment
1

Variable
Design

x0
xl

x2

Response

(Y)

1. 1 -1 1

2. 1 1 -1 1 1 -1
Y2

3. 1 -1 1 1 1 -1 Y3

4. 1 1 1 1 1 1 Y4

5. 1 -1.414 0 2 0 0 Y5

6. 1 1.414 0 2 0 0
Y6

7. 1 0 -1.414 0 2 0 317

8. 1 0 1.414 0 2 0
Y8

9. 1 0 0 0 0 0 Y
9

10. 1 0 0 0 0 0
Y10

11. 1 0 0 0 0 0
Yll

12. 1 0 0 0 0 0
Y12

13. 1 0 0 0 0 0
Y13

1

Each treatment was replicated twice for a total of 26 points,
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The following are procedures to accomplish this task. Derivation of the

matrix formulae are found in Myers (1976).

Stationary Point. It is recalled from elementary calulus that the

first derivative of a linear equation yields the slope of the line. When

the first derivative is found for a quadratic equation and set equal to

zero, a maximum or minimum point is found. Similarly, the stationary

point represents the point on the response surface where the slope of

the surface is equal to zero.

The following matrix equation will give the stationary point:

x
0

= -13
-1

b/2

Where: xo = the matrix representation of the stationary point.

[

B bll b12/2

b /2 b22
22

b = the matrix representation of the coefficients of the

fitted equation of the response surface,

bl

b2

Yield at the Stationary Point. The following matrix equation

gives the expected yield at the stationary point:

y = b + x ' 12/2
0 0 0

Where: yo = the yield at the stationary point.

b0 = the intercept point from the fitted equation.

xo' = the transposed matrix xo which represents the

location of the stationary point,

D1'0 x2

Nature of the Surface. It should be noted that the stationary point

is not necessarily that point which maximizes the response. In fact,

three conditions can occur at the location of x
0

: (1) it can be the
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point at which the fitted surface reaches a maximum, (2) it can be the

point at which the fitted surface reaches a minimum, or (3) it can be

the point at which the fitted surface is at a saddle point or minimax (that

is, a minimum for one variable and a maximum for another variable).

Examples of these and other possible surfaces are shown in Figure 2.

Determination of the nature of the surface can be quickly accomplished

by observing the signs of the coefficients of the quadratic terms of

the second order equation, that is, b11 and b22. The basis for this

observation is related to the determination of the second derivative of

the second order equation. As the second derivative is taken, the

coefficients, b11 and b22, remain, with their signs unchanged. With this

in mind, if the coefficients are negative, the stationary point is at a

maximum value; if they are both positive, the point is a minimum value and

if one coefficient is negative and the other positive, the point represents

a saddle point, or minimax,

Further study of the surface can be made through transformation of

the second order equation to its canonical form. The method involved to

make the transformation is described in Davies (1956) and Myers (1976).

EXAMPLE AND DISCUSSION

The following example comes from an investigation of the protein

and energy requirements for optimum growth and feed conversion in the

Oregon State University strain of Japanese quail.

Two trials were conducted. In both trials, the management of the

quail was according to the procedures outlined by Al-Soudi (1970). The

quail were fed a station quail starter for a three day adjustment period..

On the fourth day, they were fed semipurified experimental rations of

varying protein and energy levels. Specific ration tables are available

from the authors. The protein and energy levels are shown in Table 2.

Feed and water were provided ad libitum. The trials were designed

using the CCRD with two replicates for each point in the design. Central

composite rotational designs were chosen for this paper because they

are very efficient and are most likely to be used in practice (Cochran and

Cox, 1957). At the end of a two week period, body weight, and in the

second trial, both body weight and feed conversion, were determined. Feed
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Figure 2. Possible response surface contours for two x-variables.
(After Myers, 1976 and Cochran and Cox, 1957).
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conversion was determined from body weight gain.

The coded values for each of the points of the design were determined

from the following equations (figures from trial 2 are used as an

example):

(crude protein %) - 31%
5%

x
2

. (Kcal/Kg ME) - 2955 Kcal/Kg ME
660 Kcal/Kg ME

Where: xl and x
2
are the coded levels for protein and energy, respect-

ively; crude protein % and Kcal/Kg ME are the desired levels

of crude protein and energy wanted in the diet; 31% and 2995 Kcal/

Kg ME are the center point values of the experimental design;

and 5% and 660 Kcal/Kg ME represent the treatment intervals for

crude protein and metabolizable energy, respectively.

Regression analysis was conducted using all 26 points in the design

(two replicates of each of the 13 points) on the OSU SIPS (Statistical

Interactive Programming System) program. Determination of the stationary

points and yields were made on the OSCAR (Oregon State Conversational

Aid to Research) system. Plotting of response surface contours was made

on a HP 9825A calculator and a HP 9862A plotter using a program designed

for plotting contours of quadratic equations (Butler, 1978).

Trial 1. Trial 1 was a preliminary experiment in which the center

point of the design was at 23% crude protein and 2420 Kcal/Kg ME (Table

2). Body weight results are shown in Table 3. Regression analysis and

subsequent calculations predicted that the stationary point was at 31.2%

crude protein and 2954.6 Kcal/Kg ME. The yeild at that point was

estimated to be 49 g. The stationary point was determined to be a maximum;

however, its location was out of the limits of the experimental region.

It is important to note here that polynomials are unreliable when the are

extrapolated beyond the limits of the experimental design. Further analy-

sis of the second order equation confirmed that the surface was a rising

ridge and that the stationary point was out of the exploratory region.

Therefore, a second trial was conducted.
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Table 2. Factor levels and coded values for the Japanese quail protein
and energy trials.

Factor Coded Value

-1.414 -1,000 0,000 1,000 1.414

Trial 1

Protein ( %) 15,9 18.0 23.0 28,0 30.1

Energy (kcal/kg ME) 1487 1760 2420 3080 3353

Trial 2

Protein (%) 23.9 26,0 31.0 36,0 38.1

Energy (kcal/kg ME) 2022 2295 2955 3616 3888

15-77-01
15-77-21
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Table 3. Treatment combination and the resulting body weight of
Japanese quail fed semipurified diets varying in protein
and energy. Trial 1. Two week data.

Treatment Protein Energy Body weightl

(%) (kcal/kg ME) (9)

1. 18.0 1760 42.0

2. 28.0 1760 39.6

3. 18.0 3080 37.1

4. 28.0 3080 46.9

5. 15.9 2420 41.9

6. 30.1 2420 46.2

7. 23.0 1487 33.5

8. 23.0 3353 42.8

9. 23.0 2420 47.0
2

15-77-01

1

Body weight of the quail is based on an average of two replicates
(ten birds per replicate).

2
Body weight is based on an average of two replicates for each of five
center points (a total of ten points),



168

Trial 2. A second trial was conducted with a new center point of

31% crude protein and 2955 Kcal/Kg ME, which was near the stationary

point predicted in the first trial. Table 2 gives the experimental

treatments and coded points of the design. Results for body weight

and feed conversion are shown in Table 4. The following second order

equation was found to describe the response surface for the final body

weight of the Japanese quail in the second trial:

y = 47.53 + 0.13x1 1.81x2 - 0.92 x
2
- 3.18x2

2
+ 1.20)(1)(2

The regression analysis of variance (Table 5) showed that the

second order equation was significant (P< 0.01) and had a R2 = 0.80.

That is, 80% of the variation in body weight was explained by the

equation.

The stationary point was found as follows:

x = -B
1
12/2

0.60

-0.32

Therefore, substituting these two values (-0.14, -0.32) into their

respective coded equations, the stationary point was found to be at 30.3%

crude protein and 2743.8 Kcal/Kg ME. This represented the protein and

energy level projected to give the best body weight in this experiment.

The body weight yield at the stationary point was calculated as

follows:

(1/2)

y
0

= b
0

+ x
0
' W2

[

= 47.53 + E-0.14 -0.3] 0.13 (1/2)

1.81

= 47.81 g

The nature of the surface was determined by observing the signs

of the coefficients of the quadratic terms (-0.92 x12 and -3.81 x22) for
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Table 4. Treatment combinations and the resulting body weights and
feed conversion of Japanese quail fed semipurified diets
varying in protein and energy, Trial 2, Two week data,

Treatment Protein Energy Body wt.1 Feed Conversion
2

(%) (kcal/kg ME) Cg)

1. 26.0 2295 46.3 2,42

2. 36.0 2295 43.0 2.83

3. 26.0 3615 42.6 1.67

4. 36.0 3615 44.1 1.78

5. 23,9 2955 44.2 1.97

6. 38.1 2955 46.2 1.88

7. 31.0 2022 44.9 2.67

8. 31.0 3888 36.4 1.95

9. 31.0 2955 47.63 1,86
3

15-77-21

1

Body weights and feed conversions are based on an average of two
replicates (ten birds per replicate)

2
Feed conversion was determined from body weight gain after being put
on the experimental diets.

3
Body weight and feed conversion are an average of two replicates for
each of five centerpoints (a total of ten points),
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the second order equation. Since both coefficients were negative, the

stationary point for body weight was a maximum.

Similarly, the regression analysis of the feed conversion indicated

that the second order equation describing the response was as follows:

y = 1.86 + 0.05x1 - 0.35x2 + 0.05x1
2
+ 0.24x2

2
- 0,07)(1)(2

The analysis of variance (Table 6) showed the equation is significant

(P< 0,01) and had a R2 = 0.85. That is, 85% of the variation in feed

conversion was explained by the equation.

The stationary point was calculated to be 0.01 and 0.73 which

corresponded to 31.1 crude protein and 3436.8 Kcal/Kg ME. This represented

the protein and energy levels projected to give the best feed conversion

in this experiment.

The yield at the stationary point was determined to be a feed

conversion of 1.73. The coefficients of the quadratic terms of the second

order equation were found to be positive (+ 0.05x12 and 4- 0.24x22)

and therefore, the stationary point for feed conversion was at a minimum.

By plotting the respective responses, a three dimensional figure

representing the responses of body weight and feed conversion as affected

by varying protein and energy levels resulted. Figure 3 shows that the

response surface of body weight and feed conversion for the quail chicks

fed rations ranging from 26 to 36 percent protein and 2295 to 3615

Kcal/Kg ME. The convex and concave configuration of the respective

surfaces is apparent.

The alternatives procedure for plotting the surface is shown in

Figure 4 for quail body weight and in Figure 5 for the feed conversion of

the quail. These figures are a "bird's-eye" view of the surfaces

shown in Figure 3, The contours represent hills and valleys like the

contours on a geographical map. As was pointed out earlier, the plotting

of this form on contour is facilitated by computer plotting. An advantage

of plotting contours in this manner is that the surfaces can be overlaid

as in Figure 6 to show the relationship of two or more responses. In

this way, compromises for the best operating condition could be made

and in this case, the protein and energy level which would give a
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Table 5. Analysis of data variance for Japanese quail body weight,

Source Sum of Degrees of Mean

Squares Freedom Square

Regression
(linear and quadratic) 208.3147 5 41.6629 16,1085*

Residual 51,7271 20 2,5864

Total 260.0418 25

15-77-21

*Significant at 0.01 level of probability.

Table 6. Analysis of data variance for Japanese quail feed conversion.

Source Sum of Degrees of Mean

Squares Freedom Square

Regression
Clinear and quadratic

Residual

Total

2.8823

0,5249

5

20

25

0,5765

0,0262

22,0038*

3.4072

15-77-21

*Significant at 0.01 level of probability.
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compromise between the best body weight and the best feed conversion.

The advantage of the RSM approach over one-at-a-time factor exper-

iments is apparent. It should be pointed out that factorial experiments

involving the simultaneous variation of quantitative factors are commonly

used by researchers. However, the statistical approach to the analysis

of these experiments is usually to determine significant differences

between treatments through analysis of variance and multiple comparison

procedures (Duncan's New Multiple Range Test, Least Significant Difference,

etc.). The use of these procedures can divert the attention of the

researcher from the nature of the surface formed by the responses. For

instance, in trial 1 of the example, the researcher may become involved

in the comparison of individual treatments of the experiment in an effort

to find the levels of factors which give the best response, when in fact,

the nature of the response, as indicated by RSM techniques, project the

best response out of the area covered by the experimental design. By

shifting the experimental design, as was done in trial 2, to the area

indicated to be more fruitful, an optimum response was found.

Some limitations of the method should be noted, When evaluating RSM

results, it should be remembered that the plotted contours are not exact,

but estimated representations of the true surface. Further, a polynomial

function may not always give an appropriate description of the biological

response. In that case, alternative albebraic forms of response functions

for biological data (Mead and Pike, 1975) might be considered.

If more than 2 or 3 variables are involved in the analysis, it is

often difficult to gain an understanding of the surface by either

inspection of the empirical equation or by a visual study of the contour

surface, Canonical analysis can be a useful aid in this situation (Hill

and Hunter, 1966). With several variables, a graphical description of

2 variables of interest can be made by holding the other variable(s) at

constant values.

Gardiner et al. (1967) also discuss two points that should be

considered. First, the choice of limits for experimental variables

must guarantee that a response is measureable, Second, adequate control

over experimental error is important in the success of response surface
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Figure 6. Overlay of response contours of body weight (g) and
feed conversion (dotted line) for Japanese quail.
Two week data.
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studies.

The objective of this paper was to show the advantage offered by

RSM procedure. The method can be applied to a variety of situations

where responses are dependent upon the level of several quantitative

variables.

The RSM procedure appears to offer an efficient approach to the

examination of nutritional requirements and relationships (e.g., protein

and energy; amino acid; vitamin and/or mineral interrelationships) which

affect biological responses in poultry.
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