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The reproductive performance of four strains of broiler breeder

males (BBM) were compared when housed in individual cages from 22 to

56 weeks of age (WOA), and fed Asi libitum 7% crude protein (CP) diets

with 1985, 2424, 2868 kilocalories (kcal) metabolizable (M) energy (E) per

kg of feed and a daily restricted 16% CP diet with 2871 kcal ME/kg. Diets

consisting primarily of triticale (var:Flora) were fed from 22 to 40 WOA

and corn-soy diets from 41 to 56 WOA. Seminal volume, packed sperm cell

volume, and body weights were measured biweekly. Seven fertility trials

were conducted between 32 and 56 WOA. Testicular weight and

abdominal fat were determined at 56 WOA. It was concluded that caged

BBM can be maintained on a daily intake of 439 kcal ME and 15.5 g CP per

male without adverse effects on reproductive performance; however, the



BBM's genotype needs to be considered when feeding the 7% CP diets.

The performance of progenies from these four strains of caged BBM

were determined in four grow-out trials. The feeding programs of the BBM

did not influence progeny body weight, but paternal diet, genotype, and

grow-out trial influenced abdominal fat weights.

Plasma cholesterol and total protein levels from the same four strains

of BBM were measured at 32, 40, and 50 WOA. The mean blood chemistry

values were influenced by the strains of BBM within dietary treatment.

Significant negative correlations (P<.05) between plasma cholesterol and

testicular weight were observed for only one strain of males fed the daily

restricted 16%CP-2871 ME diet.

In a second study, BBM were equally divided and assigned to either

individual cages or litter floor pens, and their reproductive performance

was studied from 22 to 56 WOA. The males housed in cages and floor pens

were provided either 7% CP or 16% CP diets each containing corn-soy (CS)

or corn-yellow pea (CYP) and were fed a daily restricted amount or ad.

jibitum. Under the conditions of this study, feeding diets containing the

corn-yellow pea (Pisum 5ativum L. variety Miranda) did not have

detrimental effects on seminal production, fertilizing capacity, and the

subsequent hatchability of fertile eggs. There were however differences in

the numbers of males producing semen between the CS and CYP diets. This

study demonstrated that individually caged BBM were better seminal

producers than males kept in all-male floor pens.
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THE EFFECTS OF AD LIBITUM FEEDING 7% CRUDE PROTEIN DIETS WITH

VARYING ENERGY LEVELS ON THE REPRODUCTIVE PERFORMANCE

OF CAGED BROILER BREEDER MALES

CHAPTER I

INTRODUCTION

The growth of the broiler industry in the United States has been

tremendous during the past 50 years. The advancements in the fields of

genetic, nutrition, disease control, and breeder management have

contributed to the success in this very competitive business (Buckner,

1984). The Agricultural Statistics Board recently estimated that 4.48

billion broilers were raised in the 1985 marketing year and were worth 5.7

billion dollars (USDA, 1986). In order to accommodate the rapid growth in

the broiler industry, broiler breeder management has been 'fine tuned' to

increase the reproductive performance in terms of economic efficiency. For

years, genetic selection for broiler growth was the primary goal of the

industry, but reproductive and growth traits are genetically antagonistic

entities (Tierce, 1986). Due to the constant selection pressure for broiler

growth, changes in management would be a viable alternative to

conventional breeder management practices. These changes include the

utilization of artificial insemination, the feeding of low protein breeder

diets, and incorporating alternative grains and protein sources to reduce

production costs.
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A. Broiler breeder male management

Broiler breeder males (BBM) will not attain adequate levels of

fertility by natural mating if permitted to grow to their full genetic

potential (Cherms, 1984). Due to this propensity for body weight gain, a

restricted feeding program is commonly an integral part of BBM

management, yet feed restriction should not interfere with BBM properly

reaching sexual maturity (Mc Hose, 1983; and Cherms, 1984). The goal of

efficiently managing BBM is to maximize quality seminal production

throughout the productive cycle.

B. Artificial insemination (AI)

The AI of broiler breeder pullets in cages offers a greater potential

for achieving economic gains in broiler production than is currently

possible with conventional floor housing (Sexton, 1984). Moultrie and

McDaniel (1974) calculated that by selecting superior growing breeder

males for AI, it would be possible to increase the average body weight of a

broiler by 68 to 77 g in one generation. Based on this information,

increasing the broiler weight by 68 g would elevate the profit of each

breeder hen, producing an average of 150 chicks, by 12 dollars. This

increased profit could net the US broiler industry 6 billion dollars annually

(Sexton, 1984). In addition, the industry forsees the trend of growing

larger and meatier broilers, adding about 1% weight gain per year through

the next 10 years. Consequently, BBM have the potential to reach 15 to 17

pound body weights, and may make the use of artficial insemination a
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necessity in the future (Smith, 1985).

C. Blood chemistries as physiological monitors

The broiler industry is a rapidly growing, forward-looking segment

of the food animal industry and is constantly striving to develope new

innovative methods to improve broiler production. One of the areas is

blood chemistry profiling. The reproductive efficiency of the BBM can be

potentially enhanced by monitoring physiological chemistries in addition to

measuring the reproductive traits. Blood chemistries are routinely used to

diagnose pathogenic conditions and metabolic disturbances. These assays

can also be used to monitor the physiological effects of various dietary

treatments (Buckner ei al., 1986). In addition to monitoring the

physiological responses to nutritional regimens, plasma assays may also be

used as possible physiological markers to predict a breeder's reproductive

capabilities. If a consistent and reliable relationship can be determined,

these assays can assist in the selection of the superior males, and by doing

so, maximize reproductive efficiency. Thus far, the research with the

plasma chemistries as predictive 'markers' of potential economic

performance has only been investigated within the avian model, and much

more is yet to be determined (Buckner gjak, 1986). The potential

applications of physiological markers in the poultry industry can be

endless.
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D. Alternative grains and protein sources

Alternative grains and protein sources are usually those that can

partially or totally replace corn and soybean meal in poultry rations (Dale

and Fuller, 1985). In general, reducing the feed cost is always a major

concern of broiler and turkey producers. The utilization of alternative

grains and protein sources offer great potentials to reduce the feed cost,

only when the cost of dietary inclusion is less than that of corn and

soybean (Savage el AL, 1986). Two prerequisites to incorporate a new

grain or protein source are the agronomic efficiency and a nutritional

profile compatible with the bird's dietary requirements (Savage el AL,

1986).



5

OBJECTIVES

The objectives of this dissertation are focused on the broiler breeder

male's reproductive efficiency as affected by alternative feed types,

feeding programs, genetic strains, as well as housing environment. The

specific objectives are summarized as follows:

1. To evaluate the reproductive performance of four strains of caged

broiler breeder males fed Et libitum 7% crude protein diets with varying

energy levels (Chapter III).

2. To determine the effects of feeding caged broiler breeder males

7% crude protein diets with varying energy levels on subsequent progency

performance (Chapter IV).

3. To monitor the effects of low protein diets with varying energy

levels on selected blood chemistries of caged broiler breeder males

(Chapter V).

4. To determine the feasibility of dietary inclusion of triticale (X

Triticosecale wittmack variety Flora) and yellow peas (Pisum sativum L.

variety Miranda) in the diets of broiler breeder male (Chapters III and VI).
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5. To evaluate and compare the reproductive potential of broiler

breeder males fed El libitum low protein diets maintained in cages and

kept on the floor (Chapter VI).
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CHAPTER II

REVIEW OF LITERATURE

Managing caged broiler breeder males using the artificial

insemination (AI) technique has the potential to alter present broiler

industry management programs and feeding regimens. The earliest

documented use of AI was in 1780 when an Italian physiologist,

Spallanzani, obtained pups by manually inseminating semen into the

vagina of the bitch. It was not, however, until about 1900 that extensive

AI studies with farm animals began in Russia (Sexton, 1984). Artificially

inseminating birds was first conducted by Ivanov in 1902 by killing the

roosters and then drawing semen from the terminal bulbs of the seminal

ducts (Sexton, 1984). Quinn and Burrows (1936) were the first to

described a practical method of manual semen collection and AI of the

fowl. The modified Quinn and Burrows' AI technique became the basis of

the current method of semen collection and insemination of chickens and

turkeys (Sexton, 1984).

BREEDER MALES MANAGEMENT

The modern broiler has the genetic potential for rapid body weight

gain and the capacity for excessive feed consumption (Brown and

McCartney, 1983). These genetic potentials are essential for broiler
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production, but if these attributes are not regulated in the breeder parent,

the results will be obesity and reproductive inefficiency. Due to rapid body

weight gains in broiler breeder males, a daily restricted feeding program is

commonly incorporated into the males management system (Mc Hose,

1983).

A. Nutrition

Early studies on the male breeder's reproductive performance

involved the determination of protein and amino acid requirements

(Arscott and Parker, 1963; Sloan J. a L, 1977), establishing energy

requirement (Parker and Arscott, 1964), and the prolonged feeding of

vitamin A deficient diets which affected cockerel fertility (Paredes and

Garcia, 1959). Other dietary alterations such as starvation (Boone el g,

1967), vitamin E or essential fatty acid deficiency (Jensen, 1968), levels of

toxins such as aflatoxin (Briggs el g, 1973), and abnormally high levels of

iodine (Wilson and Rowland, 1970; and Wilson and Harms, 1972) could

also affect seminal production or quality.

Parker and McSpadden (1943b) described the effect of severe feed

restriction on reproductive performance of Rhode Island Red males as

reduced seminal volume and fertilizing capacity. Parker and Arscott

(1964) later reported that a harsh energy restriction of White Leghorn

males could also reduce seminal production, testicular weights, and

fertilizing capacity. Although broiler breeder males (BBM) are

considerably heavier than egg-type breeder males, the nutritional



11

principles reported by Parker and Arscott (1964) can be applied to both

male types.

The results of numerous studies are also available regarding the

effects of dietary protein level in grower diets on subsequent seminal

production, fertility, and hatchability of BBM (Wilson el AL 1968; 1970).

Arscott and Parker (1966) concluded that feeding White Leghorn males 9

and 14.5% crude protein holding rations did not affect fertility, hatchability

of fertile eggs, body weight, mortality or feed consumption. Sexual

maturity, however, was delayed when the Single Comb White Leghorn

males were fed diets of 9.0% protein or less during the growing period. If

males fed low dietary protein during the growing period were then fed a

17% protein diet after 21 weeks of age, an equal or higher reproductive

performance to those on the control diet was obtained (Wilson d AL 1965;

Jones elk. 1967).

Restricting the body weight gain of developing breeder toms can also

cause a variety of effects on subsequent reproductive performance similar

to those observed in chickens, such as improvement in seminal quality and

reproductive capacity (Anderson el AL 1963; Voitle d AL 1972; Krueger el

AL 1978; and Moran el AL, 1983). In other studies, no advantage except

for a reduction in feed consumption was noted (Potter el AL 1978; Meyer

dl AL 1980). Feeding 11% dietary protein to breeder toms can delay sexual

maturity (Cecil, 1981), when restricting both dietary protein and energy

(10.4 to 14.3% crude protein, 2840 to 2850 kcal of metabolizable

energy/kg) can also reduce seminal yield in breeder turkey toms (Menge
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and Frobish, 1976).

Establishing the nutritional requirements of BBM for use in artificial

insemination programs has been the topic for many investigations. Feed

restriction studies with BBM in floor pens were conducted by McCartney

and Brown (1980) and Brown and McCartney (1983). They determined the

energy requirement for body weight maintenance was 458 kcal

metabolizable energy (ME)/bird/day. The reproductive traits of these

males were not affected by feed restriction, but testes size was reduced.

Nevertheless, maximum seminal production was obtained from males fed

390 kcal ME/male/day. In these two studies, maximum seminal volume

was not associated with maximum testicular weight.

Studies estimating the daily protein and energy requirement of

restricted and ,ffilibitus fed caged BBM have been reported . Ansah el gi

(1980a) found that individually caged BBM provided a daily crude protein

(CP) intake of 27.8 grams (g) had excellent fertilizing capacity, hatchability,

seminal quality (concentration, spermatozoal motility), and also seminal

volume from 39 to 63 weeks of age. Renden and Pierson (1982a) reported

that individually caged BBM produced larger quantities of more

concentrated semen than BBM maintained in litter floor pens on a

restricted daily feed intake of 359 kcal of ME and 14.9 g of CP. Renden and

Pierson (1982b) further demonstrated that caged BBM provided a daily ME

intake of 359 kcal/kg of feed and 14.9 g of CP per male could be used in an

artificial insemination program for multiple production cycles (males

selected for the first year's reproductive performance also functioned
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favorably during the second year), without differences in seminal volume,

sperm concentration, total sperm per ejaculate, or fertility from 42 to 105

weeks of age. Brown and McCartney (1986) restricted the feed intake of

individually caged BBM and calculated that a daily ME intake of 346 kcal

and 19.7 g CP per male was adequate for body weight maintenance and

seminal production. Buckner (1986) demonstrated that seminal

production of individually caged BBM was not affected by daily restricted

CP intakes ranging from 11.9 to 17.8 g and 288 to 437 kcal ME. Another

method of establishing daily protein and energy requirements for BBM is

via igiallillg feeding of low protein diets. Buckner and Savage (1986)

indicated that seminal production of individually caged BBM could be

maintained on daily crude protein intakes of 10.9 g and 495 kcal of ME

when fed idlibitais Wilson gt al (1984) reported that BBM fed 12 and 14%

protein diets produced greater numbers of spermatozoa per ejaculate than

males provided 16 and 18% protein diets. Males fed the 12% protein diets

were more efficient seminal producers. They did not mention, however,

whether BBM were fed idiiMus or a restricted diet. In spite of numerous

studies concerning the nutritional requirement of BBM, the daily CP and ME

requirement for optimal seminal production of caged BBM still is

undefined.

Feed dilution is one approach to limit the nutrient intake of breeder

males. The method of restricting nutrient intake had been evaluated in

caged BBM and in Brown Leghorn cockerels. Buckner and Savage (1986)

reported that a diet containing 33.6% sand, and fed Bilibitum to
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individually caged BBM did not influence seminal production and related

traits. The addition of sand to dilute dietary energy and protein appears

feasible. Kaolin, as a feed diluent has also been evaluated in Brown

Leghorn cockerels at 10, 20, 30, and 40% of diet (Savory, 1984). The

addition of 10 to 30% Kaolin to the diets had no impact on body weight

gain. The effects of feeding kaolin on reproductive traits, however, was not

measured.

B. Genetics

During the five year period (1986 to 1990), the likelihood of a major

genetic improvement in the broiler breeder reproductive performance will

be low, because intense selection for growth is genetically antagonistic to

reproductive traits (Tierce, 1986). The inefficiency in reproductive

performance of the conventional floor-housed broiler breeder has been

compensated for by improving techniques such as management (McDaniel,

1986), nutrition, housing and the rapid broiler grow-out. Therefore, the

urgency for genetic improvement in broiler breeder's reproductive

performance is lacking (Sexton, 1983; Tierce, 1986).

Several studies have reported genetic variation for seminal yield in

chicken and turkey breeders. Marks (1981) demonstrated a rapid genetic

response could be achieved in male chickens selected for high packed

sperm cell volume (PSCV). The PSCV increased from 15% to 22% in four

generations of selection; however, the selection for high PSCV resulted in a

decreased fertility levels of female mated to genetically high PSCV males.
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So ller gig,. (1965a, b) reported high heritability estimates for seminal

volume, spermatozoal concentration and motility (.41, .46, and .87,

respectively), whereas Siegel (1963) reported low heritability estimates for

seminal volume, spermatozoal concentration and motility (.14, .01, and .29,

respectively). Siegel (1963) did not offer an explanation or discussion for

the low heritability estimates. Carson gill, (1955) and Nestor (1970)

estimates the heritability of seminal yield in the turkey to be high (.86 and

.64, respectively). In contrast, Carson gt (1955) stated that the

estimated heritability of spermatozoal concentration in the turkey was

lower than that of seminal volume (.39 to .79). Since heritability values for

seminal volume and spermatozoal concentration are high, selection for

improved seminal quality and quantity of the chicken and turkey breeder

males can be achieved.

The correlation of reproductive traits with fertility appears to be

variable (Cooper and Rowell, 1958, McDaniel and Craig, 1962; Soller tt

1965a; Nestor 1976; Wilson el al, 1979; Ansah g. aL, 1980b). No

significant associations of spermatozoa concentration and seminal volume

of ejaculate with fertility were reported by Cooper and Rowell (1958), and

Stove-Schimmelpfenning and Flock (1985). Correlation between individual

seminal quality values (volume, concentration, percent dead spermatozoa

and motility) and fertilizing capacity were not significant in natural

coatings, however, when artificial insemination was used, with the

exception of volume, all of the measurements were significantly correlated

with fertility (Wilson el L. 1979). This suggests that more than one
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seminal characteristic is necessary in order to predict the fertilizing

capacity of the birds (Wilson gi g, 1979). Ansah tt AL. ( 1 9 8 0 b ) reported

that six-week breeder male's body weight and spermatozoal motility (no

given age) may be useful in predicting a male's fertility.

Another important aspect of poutry genetics is the interaction of

genotype and environment. In 1981, Fiser and Chambers reported that

variation among 13 strains of caged broiler breeder males was observed

for duration of fertility. No differences among strains were detected in

fertility and hatchability, however. This observation suggests that the

differences among males within a strain were greater than those among

strains for hatchability and fertility. In addition to the nutritional

requirements of the broiler, no literature specific to the effects of

differences in nutritional needs of the breeder parents on subsequent

broiler progeny performance has yet been conducted. Different genetic

strains and breeds of chickens require different nutrient intakes for

optimal broiler performance (Cherry g_t Al., 1978; Proudfoot and Hulan,

1978; Leclercq, 1983; Sorensen tt AL, 1983; and Steward and Washburn,

1984).

C. Housing

The purpose of housing is to provide a conducive environment for

breeder males to produce quantities of high quality semen ejaculates

throughout the breeding season. A proper housing system should minimize

stress caused by temperature fluctuations, poor ventilation, and
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insufficient amounts of light.

Integrally associated with the artificial insemination technique is the

using of cage systems for housing and managing the breeders. Thummin

(1977) indicated the following advantages and a disadvantage of cage

systems for use with artificial insemination:

Cleaner hatching eggs produced under more sanitary conditions.

Minimizing direct or indirect contact with fecal droppings.

Larger eggs and better shells.

More hatching eggs.

Less feed per egg and per quantity of semen produced.

Fewer breeder males are required.

The costs saved in raising and feeding less roosters will more than

cover the expense of extra labor involved in artificial insemination.

The main disadvantage is:

A greater investment in housing due to the installation of cages.

Studies have examined the effects of cage or floor housing on seminal

production of breeder males. Siegel and Beane (1963) and Renden and

Pierson (1982a) found that males kept in cages consistently produced

larger seminal ejaculates than males maintained in all-male floor pens.

Ansah el al, (1980a) showed the feasibility of maintaining broiler breeders

in cages and the use of artificial insemination to produce broiler hatching

eggs. The feasibility is supported by the levels of fertility, hatchability,

quality and quantity of semen obtained in the study. Other studies also
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indicate that broiler breeder males can be successfully maintained in

individual cages for seminal production (Brown and McCartney, 1986;

Buckner and Savage, 1986; and Buckner gl gi, 1986). Similar observations

have been made for turkeys. Woodard and Abplanalp (1967, 1975)

reported that seminal volume per ejaculate was higher for toms housed in

cages. Opposite findings were observed by Ansah gt AL (1983), with toms

in cages, they produced as much semen as those on the floor and with

similar concentrations of spermatozoa.

In general, the cage and floor environments have a less pronounced

influence on fertilizing capacity and hatchability in comparison with other

reproductive traits. The fertility and hatchability determined by

artificially inseminating dwarf broiler breeder hens with undiluted semen

from individually caged BBM (Renden and Pierson, 1982a) and the

fertilizing capacity of caged breeder toms (Woodard and Abplanalp, 1967)

are not different from males kept on the litter floor pens. There was also

no significant difference between the fertilities of turkey males in cages

and those on floor when semen was diluted and inseminated fresh, or

stored for 6 hours at 15° or 3°C (Ansah et AL 1983). However, another

study by Woodard and Abplanalp (1975) found that the fertility and

hatchability were higher for turkey hens fertilized with semen from toms

maintained on the floor. Similar results have also been reported for

chickens by Bhagwat and Craig (1975b), the fertility of breeder chicken

kept in floor pen was higher than males housed in colony-cages under

natural mating condition. No explanation was offered for the lower fertility
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from males kept in the cage system of the two previous studies (Bhagwat

and Craig, 1975b; Woodard and Abplanalp, 1975).

D. Behavior

Management practices, such as maintaining males in solitary cages or

in all-male flocks, will influence mating behavior (Siegel and Siegel, 1964).

Male chickens with previous mating experience on litter floors had better

fertility than non-experienced males when placed in multiple-bird wire

cages (Bhagwat and Craig, 1975a). Sexual behavior was influenced by both

the prior mating experiences and present circumstances acting on and

through neural and endocrine mediators (Graves, 1983; Guhl and Warren,

1946). Maintaining breeder males in individual cages appeared to result in

the increased seminal ejaculate volume when compared to the males kept

in all-male pen flocks (Siegel and Beane, 1963; Renden and Pierson, I982a).

The difference in ejaculate volumes could be due to treading activity or

mounting each other in the all-male floor pens (Siegel and Beane, 1963;

Wilson el IL, 1979), since no differences in seminal quantity between eight

males per floor pens and four per cage were reported by Parker and

McCluskey (1959). Social hierachy (pecking order) is based on a

dominance-subordination relationships among the members of the flock;

and may also influence seminal production. Roosters normally will not

peck the hens but form a social order among themselves (Guhl and Warren,

1946).

Kilgour and Dalton (1984) summarized the observations of the
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rooster's reproductive behaviors from various studies as the following:

Previous mating experience is important to males in term of mating

ability.

Heavier body weight males court less and have fewer matings than

light body weight males, but the heavier males have higher

numbers of spermatozoa per ejaculate.

Most matings occur between 4 to 6 p.m. depending on lights-on

time.

Males will mate from 1 to 53 times each day.

Males kept together will tread (e.g. mount) each other.

Males maintained in the floor pens will fight, court and mate more

than males housed together in colony cages.

ARTIFICIAL INSEMINATION, COLLECTION, PREPARATION,

AND STORAGE OF SEMEN

The technique of artificial insemination (AI) using the abdominal

massage method of semen ejaculation was developed and described by

Burrows and Quinn(1935, 1937). Today, the AI technique is the exclusive

mean of reproducing the modern, large, and efficient meat-producing

turkey. AI has also been used to compensate for the lower fertility

developed in certain strains of broilers (Lake, 1983). Several studies have

shown that broiler breeder hens maintained in cages could produce

hatching eggs by AI with reasonable success (McCartney, 1976; Van Krey
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and Siegel, 1976; Ansah el gL 1980a; McDaniel gl L 1981).

Utilization of an AI program for BBM offers certain advantages such

as reduced feed costs and keeping minimum numbers of superior males

(Renden and Pierson, 1982a). Sexton (1984) cited the advantages and

disadvantages as the following:

1). To the primary breeder: Improved efficiency of progeny testing

because of the increased number of females that could be mated to a single

sire, accelerated genetic improvement due to the greater genetic selection

pressure and the irrelavance of physical incompatibility between the sexes.

2). To the secondary breeders: reduced numbers of males needed for

breeding and enhanced genetic performance, the reduced spread of

pathogens, faulty management practices and severe climatic conditions.

3). AI is of benefit to reseach workers when conditions make natural

mating impossible or impractical as in single laying cage experiments, or

when a need exists for a large number of small experimental matings.

The main disadvantage of AI is the amount of labor required to

inseminate birds. Most breeder facilities, however, do not see the expected

return from the incorporation of AI sufficient to offset the initial capital

investment in the near future (Moultrie, 1982).

A. Artificial insemination

Variation in the seminal production among individual males, within

strains, has been recognized. Significant differences in seminal volume,

spermatozoa cell concentration, and total cell numbers per ejaculate were
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observed among roosters of the same broiler breeder strain (Benoff alL,

1981).

Improved fertility (Lake, 1983) and extended duration of fertility

(Hughes, 1978) can be obtained by AI in contrast to natural mating.

Breeder management, the seminal collection technique, handling

procedures fa vitro, and the methods of insemination, however, must be

skilfully practiced in order to obtain good results (Lake, 1983).

Parker and McSpadden (1943a) found that the percent fertility was

not related to the number of spermatozoa produced by the roosters when

AI was used. They further stated that the fertility in naturally mated

flocks may be related to the level of spermatozoa production. Sexton

(1975) reported that diluted chicken semen containing 20 million

spermatozoa could be inseminated for optimal fertility; the result was

comparable to Al with undiluted control semen containing 100 million

spermatozoa. By comparison, turkeys require over 200 million

spermatozoa for maximum fertility during the first one to four weeks of

eggs production, then 50 million spermatozoa were needed during the

remaining production period (Sexton, 1975). In general, it is recognized

that about 80 to 100 million spermatozoa) cells are necessary to maintain

high fertility in either chicken or turkey hens(Sexton 1977a,b; Lake, 1983).

No advantage is gained by inseminating more than 100 million

spermatozoa into a female at any one time.

B. Collection. Evaluation. and Preparation,
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Behavior and temperament may differ among breeds, strains and

bird types (chicken, turkey, ducks, etc.). Consequently, these differences

determine how males should be handled in order to collect quality semen.

Highly excitable males may yield small volumes of semen, and there may

also be an excess of transparent fluid when collected by an inexperienced

handler (Lake, 1983). Transparent fluid causes a rapid loss of fertilizing

capacity in fowl after prolonged holding ja vitro particularly at high

ambient temperatures (Lake, 1971; 1983). Thus, it is advisable not to

collect semen contaminated with excess amounts of transparent fluid, so

that high fertility may be maintained when using AI (Lake, 1983).

Aside from nutritional, genetic, housing, and behavioral factors that

can affect seminal quality and volume; the methods of seminal collection,

evaluation, and preparation can influence optimal fertility. An increased

proportion of degenerating spermatozoa in the ductus deferens was

observed among roosters with long intervals between seminal collections

(more than two weeks). Therefore, to obtain a consistent supply of quality

semen, samples should be collected at consistent intervals throughout the

breeding season (El Jack and Lake, 1966). In term of seminal collection

frequency, Fuquay and Renden (1980) reported no differences in seminal

volume, sperm concentration, fertility, and hatchability between broiler

breeder males ejaculated 3 and 5 times weekly, and between males caged

individually, or in pairs. Total sperm cell numbers per ejaculate were

highest in roosters ejaculated 5 times per week. Furthermore, semen

collections of 10 times per week is feasible for up to 15 consecutive weeks,
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but intensive use of males will depend upon suitable management

conditions, nutrition, handling, and cage design. Improvement in cage

design to facilitate easier bird access and handling may reduce leg

problems, mortality, and improve seminal production. The collection of

uncontaminated and maximum volumes of semen may be made easier if

males can be removed from cages without undue stress or upset prior to

ejaculation. In contrast to the previous study, McDaniel and Sexton (1977)

concluded that the frequency of seminal collection from broiler and

Leghorn males had a significant effect on seminal volume and sperm

concentration, but not fertilizing capacity. Males ejaculated three times per

week produced greater seminal volumes and concentrations. Similar

studies on the frequency of seminal collection from turkey males have

been evaluated as related to optimal seminal production. Nestor and

Brown (1971) found that collecting semen from turkey males at 3 and 4

day intervals resulted in higher output of spermatozoa than collecting at 2

day intervals. The seminal collection 3 times per week is a more efficient

utilization of turkey males than the once a week collection (Cecil, 1982).

Bakst and Cecil (1981) strengthened the findings of Nestor and Brown

(1971) that turkey males required about 3 days to replenish sperm

reserves in the ductus deferens after seminal collection.

Initial seminal evaluations may eliminate the low quality and

quantity semen-producing males, and reduce the number of males

required during the breeding season. Renden and Pierson (1982b)

demonstrated this condition with broiler breeder males selected for first
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year (18 to 61 weeks of age) seminal production (seminal volume,

concentration, and number of sperm per ejaculate) could be successfully

used in an AI program for a second year (70 to 105 weeks).

C. Storage

As soon as semen is ejaculated from the breeder males, a proportion

of the spermatozoa lose their integrity and the process continues duringj
ritro storage with a resultant declining fertility after insemination (Lake,

1983). Spermatozoa must be suspended in a synthetic diluent if it is to be

stored more than an hour, and then the semen should be handled carefully

during the process of dilution to minimize damage to the viable

spermatozoa (Lake, 1983). A method for short-term storage of rooster

semen at 2°C for up to 24 hours without causing any significant loss in the

fertilizing capacity of the spermatozoa has been reported by Van Wambeke

(1967). To date, only short-term storage of turkey semen has a

commercial application due to the widespread use of Al practices by the

turkey breeding industry (Sexton, 1983). Sexton and Giesen (1982)

reported that levels of fertility (92%) could be achieved by holding turkey

semen 6 hours at 15°C during a 15 week egg production period. Lake and

Ravie (1982) and Wishart (1981) have also reported that the turkey semen

stored at 10°C for 24 hours resulted in fertility levels of 79 and 81%,

respectively. Research has also been advanced in the field of long term

storage of poultry semen. Lake el al (1981) demonstrated that over 90%

fertility could be obtained from inseminating hens at 3-day intervals with
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frozen-thawed chicken semen. The progress of the commercial application

of frozen chicken seminal technique is underway in the broiler breeding

industry (Hubbard, 1980).

SELECTED BLOOD CHEMISTRIES

Blood chemistries can be used to monitor the physiological effects in

nutritional studies. In order to accurately evaluate the effects of different

feeding programs, reference levels must be established among different

breeds and species (Jimenez, 1982). In addition, blood chemistries have

long been considered a diagnostic aid in the practice of veterinary medicine

(Ross el gL, 1976; Ross gl al, 1978; Stoskopf g, 1983a).

Cholesterol functions as an essential stabilizing constituent of cell

membrane, plasma lipoprotein, myelin, and also the precursor of steroid

hormones and bile acids (Myant, 1981). Avian plasma cholesterol levels

are influenced by age, heredity, nutrition, and various diseases (Griminger,

1976; Rivetz gt IL, 1977a). Starvation and high levels of dietary fat can

also result in the elevated plasma cholesterol levels (Griminger, 1976;

Hevia and Visek, 1979; Mol g AL 1982). Dietary protein sources may also

cause changes in plasma cholesterol levels in male chickens (Hevia and

Visek, 1979). In contrast, Mol gt AL (1982) observed no change in the male

broilers' plasma cholesterol levels after receiving a semipurified diet

containing either casein or soybean protein. The effect of dietary protein

on the plasma cholesterol concentration of adult White Leghorn males was
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observed to have an inverse relationship by Kokatnur el gli. (1958),

whereas Sutton ti L (1985) showed that energy intake had little influence

on cholesterol metabolism in the chick.

When the plasma cholesterol concentrations between White Leghorn

male and female were compared, males were found to have higher levels

of free plasma cholesterol than the females (Teekell ei AL 1975). There

was no age-related changes in total cholesterol of the growing White

Leghorn chicks during their first 20 weeks of life (Matsuzawa, 1981).

Mangle ei gi ( 1978) showed that significant differences in the total

cholesterol concentrations were present between two strains of White

Leghorn pullets.

Buckner gill (1986) observed increased plasma cholesterol levels

when feeding individually caged broiler breeder males 91 grams of feed as

compared to the 136 grams feeding level. In the same study, little effect

was found in plasma total protein and uric acid levels. Correlation

coefficients between plasma cholesterol and body weights, sperm numbers

per ejaculate, and testicular weight were determined to be negative

(Buckner el. AL 1986). In contrast, Grunder tt AL (1983) reported no

significant correlations were observed for broiler breeder males body

weight (42, 140, and 365 days old) and plasma cholestrol, total protein and

uric acid. Species differences have been observed between Brown Leghorn

and broiler type birds for serum cholestrol, total protein, and uric acid

(Ross ti g, 1976).

A frequently used blood chemistry in avian studies is the level of
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total protein which is considered to be an indicator of the bird's general

health (Stoskopf 1983b). Birds (no age was given by the

investigators) with total protein values less than 3.0 g /dl may be given a

poor prognosis for health status and hypoalbuminemia (Campbell and

Coles, 1986). Most normal avian species in general have plasma total

protein values between 3 and 6 g/dl (Campbell and Coles, 1986). Low total

protein levels are frequently attributed to malnutrition, but they may also

resulted from acute infections and hemorrhage (Stoskopf 1983b).

Elevated protein levels greater than 6.0 g/dl usually occurs with

dehydrations or an increase in total globulins which may be associated

with a chronic disease (Campbell and Coles, 1986). The total protein value

as well as its fractions can also be used to monitor the dietary protein

utilization in the metabolic process. Cohen-Parsons el al, (1983) and

Leveille and Sauberlich (1961) reported that the plasma total protein and

its components; albumin, globulins, and free amino acids can be used as

general indicators of protein reserves and dietary protein intake. In a

study by Buckner tt al, (1986), however, restricted feeding of broiler

breeder males produced no effect on total protein levels, subsequently,

energy not protein intake appears to be the primary limiting nutrient was

concluded by the authors. Contrasting results have been reported in other

studies. High dietary protein levels have been shown to increase plasma

albumin levels and therefore, plasma total protein levels, while plasma

globulins remained constant (Panigraphy 11,11969; and Keyser tt

1968).



29

Uric acid is the primary catabolic product of dietary protein,

nonprotein nitrogen, and purines in birds (Campbell and Coles, 1986). It is

also the principal product of excess nitrogen resulted from incomplete

protein utilization (McFarland and Coon, 1980). Plasma uric acid levels can

be a monitor for differences in metabolic activity (Okumura and Tasaki,

1968). Many factors have been reported to influence uric acid levels in the

blood:

1) Dietary protein consumption. Australorp hens on 16% protein diet

had a significantly greater plasma uric acid than those hens fed a 12%

protein diet (Singh and Ray, 1980). Karasawa and Kibe (1982) and

Karasawa gig. (1973a, b) concluded that intravenously administered

nitrogenous compounds (inosine, glutamine, asparagine, and ammonium

acetate) stimulated uric acid synthesis, and 20% protein diets increased

plasma uric acid concentration more than a 5% protein diet when feed to 5

to 12 months old Single Comb White Leghorn roosters. The results

indicated that the induction of uric acid synthesis by nitrogenous

compounds is more rapid in chickens fed a high protein diet than in those

fed a low protein diet.

2) Starvation. Starvation for 48 hours or more has been shown to

increase uric acid levels in the blood and liver of cockerels (Okumura and

Tasaki, 1968; Koudela, 1978; Mishra gj, ., 1981).

3) Age. Plasma uric acid levels were reported to be dependent on age

(Sturkie, 1961). In contrast, Matsuzawa (1981) found no age-related

changes in uric acid concentration in the blood of growing White Leghorn
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chicks to 20 weeks of age.

4) Pathogenic infection. Rivetz j, IL. (1977b) reported that a

lentogenic strain of New Castle disease could elevate plasma uric acid and

cholesterol. Furthermore, increased uric acid in serum has been related to

ovulation, starvation, massive trauma, and gout (Stoskopf gig,,, 1983b).

Therefore, information about the plasma uric acid level has promise of

being an useful avian diagnostic tool. The normal blood uric acid value for

most birds is between 2 to 15mg/d1 (Campbell and Cole, 1986).

ALTERNATIVE GRAINS AND PROTEIN SOURCES

Alternative feed grains and protein sources grown in the Pacific

Northwest (PNW), such as triticale and yellow pea, can reduce the feed

costs, and reducing the feed cost of poultry production has always been a

major concern of producers in the PNW. Since corn and soybean meal are

imported from the Midwest to the PNW, the cost of transportation could be

very expensive. In order to be more competitive, poultry producers in the

PNW experiment with the feeding of alternative crops to poultry. Feeds

account for a major portion of the poultry production costs, consequently

alternative crops may be the solution to areas lacking corn and soybean

production.

A. Triticale

Triticale was first discribed by Wilson in! 876 as the simple hybrid

obtained by crossing wheat (Triticum sativum, L.) and rye (Seca le cereale,
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Will). The purpose of creating the synthetic strain was to combine the

quality and uniformity of wheat and the hardiness, vigor, and disease

resistance of rye in a hybrid strain (Lorenz, 1974). It was not untill 1938

that the name 'Triticale' was suggested by Tschermak for the hybrid

(Muntzing, 1973). John O'Mara (1948) provided a major thrust using

hybridization, embryo culture, and colchicine treatment to produce a

primary hexaploid triticale from crossing 'Stewart' durum wheat with

'Prolific' rye. By 1950, triticale breeding program had been established in

Hungary, Soviet Union, Spain, and at the University of Manitoba (Zillinsky,

1985). Commercial production of triticale was initiated in 1968 by Kiss in

Hungary and in 1969 by Jenkins in United States (Zillinsky, 1985).

Chemical Composition of Triticale

a. Protein and amino acid content

Triticale, in general, has higher total protein and lysine contents than

common or durum wheat (Villegas el al.. 1970). These investigators also

reported that the protein content varied from 10.1 to 19.3% with a mean of

15.0%. The lysine content of the protein was negatively correlated with the

protein content of the triticale (r = -.50). Similarly, Dale and Fuller (1985)

reported that the mean crude protein level of triticale was 15.4%. Chen

and Bushuk (1970a,b,c) compared the total protein and the amino acid

compositions of triticale and its parental species. They showed that the

content of crude protein and most of the amino acids in triticale were

intermediate between durum wheat and rye. Chen and Bushuk (1970a, b)
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also grouped the triticale protein into four fractions based on solubility;

water, salt, alcohol, and acetic acid-soluble fractions. They further

indicated that the protein contained 7% low molecular weight peptides, 26%

albumin, 7% globulin, 24% gliadin, 17% acetic acid soluble glutenin, and 19%

insoluble glutenin. Similarly, Lupano and Anon (1985) have characterized

the triticale protein (line #47746) based on solubility; water, salt,

isopropanol, borate buffered-soluble fractions.

Triticale has been shown to have a significantly higher lysine content

than that of durum wheat, but lower than that of rye (Chen and Bushuk,

1970a; Ruckman gik, 1973). As is typical of cereal grain proteins,

triticale has high levels of glutamic acid, proline and relatively low levels of

cystine, methionine, histidine, and lysine. The quantities of glycine,

cystine, tyrosine, and arginine were slightly higher in triticale than in the

wheat and rye of the crossbreed (Lorenz, 1974).

b. Carbohydrates

The main component of triticale, as that of any other cereal grains, is

starch. Since starch is the main energy storage form in cereal grains, it is

important to include the metabolizable energy values of triticale in the

review. The true metabolizable energy value corrected to zero nitrogen

retention (TMEn) for triticale is 3355 kcal/kg (Dale and Fuller, 1985). The

hexaploid triticales analyzed by Vaisey and Unrau (1964) were found to

contain larger amounts of total alcohol soluble carbohydrates than wheat,

and about the same as rye. Oligosaccharides constitute the major parts of
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the alcohol soluble carbohydrates, and are composed of glucose units.

Heinrich and Hill (1971) determined that triticale contained about the same

quantity of water soluble pentosans as its parents, wheat and rye.

c. Lipids and free fatty acids

A study by Chung and Tsen (1974) indicated that triticale flours were

richer in bound lipids, but wheat flours contained more free lipids. They

further showed that the lipid composition was influenced by the grain type

and growing location. The amounts of lipid components were affected by

milling characteristics of the grain. Chung and Tsen (1974) also reported

that the lipid composition of triticale was not intermediate between that of

the wheat and rye. Triticales contain more phospholipids in bound form

than wheat, so that the characteristics are likely inherited more from ryes.

The free fatty acids composition of triticale and wheat varieties

grown in the same location was investigated by Lorenz and Maga (1972).

The major fatty acids composition (as a percentage of total free fatty acids)

of triticale varieties in their investigation are present as follow:
Myristic acid .7 to 1.0%
Palmitic acid 18 to 19.3 %
Stearic acid .6 to 1.3%
Oleic acid 10 to 12.8%
Linoleic acid 59.3 to 62.8%
Linolenic acid 5 to 6.7%

d. Minerals

Lorenz (1974) studied the mineral contents in whole grain triticale

and its milling fractions. The major mineral elements, potassium,
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phosphorus, and magnesium were higher than that of the parental species

of durum wheat and rye. In addition, the minor mineral elements of

nutritional importance, sodium, manganese, iron, and zinc were also

present in higher amounts in triticale than in wheats (Lorenz, 1974).

e. Protease inhibitors

Trypsin and chymotrypsin inhibitors have been extracted from

triticale, wheat, and rye flours by Madl and Tsen (1974). The contents of

protease inhibitor were intermediate between that of wheat and rye. The

rye flour displayed the greatest quantity and activity of trypsin inhibitor

whereas the wheat flour had the highest chymotrypsin inhibitor content.

Knoblauch (1985) found that the trypsin inhibitor levels in triticale varied

from the mean of the wheats to that of the ryes. Variations in the levels of

trypsin inhibitor have also been attributed to seasons and locations.

f. Ergot

Wheat, rye, and triticale are susceptible to a fungus infection

(Claviceps purpurea). The resultant ergot toxicity (toxin from the fungus

infected cereal grains) produces symptoms in growing chicks, characterized

by an initial growth depression, poor feathering, nervousness, loss of

coordination, and eventually inability to stand (Bragg gi aL, 1970; Lorenz,

1974). The literature reports regarding the ergot toxicity in birds are

minimal, more research is needed in this area. O'Neil and Rae (1965)

studied the effects of feeding graded doses of ergot to Single Comb White
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Leghorn chicks and hens; and suggested that chicks can tolerate .3% dietary

ergot without adverse effect on performance. At higher dietary ergot

levels (.4% to 9.0%), growth depression and increased chick mortality

occured. Laying hens were observed to be more tolerant to high dietary

ergot (9.0%) levels than chicks. Egg production, however, was adversely

affected at higher levels of ergot.

Bragg ei al (1970) investigated the effects of dietary ergot on broiler

chick performance. They indicated that broiler-type chicks can tolerate up

to .8% triticale ergot in the ration without adverse effects. The effect of

ergots on broiler breeder males still remains to be determined.

Nutritional Evaluations of Triticale for Poultry

a. Broilers and growing chicks

Sell g_t al,. (1962) prepared a basal diet for White Leghorn chicks,

composed of hard spring wheat as the principal ingredient and then

substituted triticale for wheat in increasing quantities (30, 45, 60, and 67%

of the diet). The nutritional value of triticale was approximately

equivalent to that of hard spring wheat on a 'pound-for-pound' basis in

chick starter rations. To better understand the nutritional values of

triticale, the evaluation of amino acid content becomes necessary. The

most limiting amino acids in the triticale diets were lysine and methionine.

Replacing wheat either in part or as a complete replacement with triticale

in broiler chick starter diets had no adverse effect on either growth or feed

conversion (Bragg and Sharby, 1970). Dietary d,l-methionine
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supplementation significantly improved growth in a triticale diet, whereas

supplemental 1-lysine in the triticale diets showed no advantage in chick

growth. In contrast, Fernandez and McGinnis (1974) reported that the

lysine supplementation of a 73% triticale diet increased chick growth,

however, supplementing with methionine and tryptophan had no effect on

chick growth. Similarly, Marquez and Avila (1974) indicated broiler chicks

were not responsive to the addition of methionine, tryptophan, or valine to

the triticale diets, but each increase of threonine resulted in an increase in

growth response and feed conversion. Yaqoob and Netke (1975)

substituted triticale for corn up to 60% of the broiler chick starter diet, and

concluded that triticale could quantitatively substitute for corn in the

broiler starter diets. Wilson and Mc Nab (1975) reported that the feed

conversion of broiler chickens fed a 30% triticale diet with 21.3% of crude

protein was better than a wheat-corn diet with 23.1% crude protein. In

another study, McGinnis gig. (1985) showed that an isonitrogenous

triticale diet supported growth and feed efficiency in broiler chicks

comparable to results obtained with corn or wheat diets. Johnson and

Driscoll (1984) concluded that the majority of triticale varieties have

nutritional values for chickens according to their nutrient composition.

Similarly, Charles (1985) concluded that triticale can be used in the broiler

diets, but the usage level must be adjusted to the nutrient level of the

particular grain or variety.

b. Laying hens



37

There are several reports evaluating the feeding value of triticale to

laying hens. Mc Nab and Shannon (1975) studied the nutritive values of

triticale, wheat and rye for the laying hens. Their results indicated that

triticale is a better poultry feedstuff than either wheat or rye when

adjusted for metabolizable energy and digestible lysine content. Kim tt al,

(1976) conducted two experiments to study White Leghorn laying hens fed

either the corn-triticale diet or the triticale diets supplemented with one of

the following: meat and bone meal, normal corn, or opaque-2 corn. Both

experiments produced no significant differences in average body weight,

egg production, and egg weight when compared to the corn-soy diets.

Nevertheless, laying hens fed diets containing either normal corn or

opaque-2 corn as the sole grain source had significantly higher liver fat

content but lower mortality than hens fed the diets containing triticale.

They concluded that triticale at a level of 87% of the diet supported

comparable egg production when compared to diets containing corn.

In feeding trials with laying hens fed isonitrogenous diets containing

two triticale cultivars with or without lysine supplementation, McGinnis _g_t

( 1985) reported that the diets containing either triticale cultivar

supported egg production comparable to that of hens maintained on either

corn-soy or wheat-soy diets. They concluded that the lysine level and its

availability in the triticales were adequate to meet the needs for egg

production.

Zombade ei A. ( 1 9 8 3 ) studied the feasibility of triticale as a

replacement for corn in diets for egg-type chickens. During the 18 week
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feeding trials, no differences were found in body weight gain, feed

conversion, and efficiency of protein utilization by chicks fed diets

containing three varieties of triticale. During the production phase, egg

production, egg mass, feed conversion, and energetic efficiency were

significantly improved by feeding diets containing triticale ranged from 30

to 70%. These investigators concluded that triticale can replace corn up to

70% in the diet for egg-type chickens during the growing and egg-laying

phases. Harms (1985) evaluated diets containing corn, milo, beagle triticale

and Florida 301 wheat with pullets and laying hens. All the diets were

formulated to have similar energy-nutrient ratios. Laying hens maintained

on all-triticale or all-wheat diets had greater egg production than those

raised on corn or milo, and there was no difference in egg weight, feed

intake, feed efficiency or specific gravity among different dietary

treatments. Egg production for birds fed the triticale, wheat, or milo diets

substituted at the rates of either 25% or 50% for corn, in general, were

comparable to those fed all-corn diets.

Triticale in Oregon

Triticale (X Triticosecale wittmack) was first introduced to Oregon

growers in about 1969 (Kolding and Metzger, 1985). Triticale evaluation

and improvement in Oregon has evolved from the introduction and

selection within spring and winter triticales, and the synthesis of new

triticales through crossing of adapted winter wheats with ryes (Kolding and

Metzger, 1985). Fertile, winterhardy, snow mold, and frost-heaving
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resistant cultivars of triticales have been found in the Oregon screening

nurseries at the 1000 to 1400 meter elevation intermountain sites. Several

varieties of winter triticales planted along the Columbia River have yields

comparable to commercial wheats. In southern Oregon, spring triticales

could be suitable for growing in the Klamath Basin. Triticales in Oregon

have exhibited variable response to major rust, bunt, snow-mold, and

Barley Yellow Dwarf Virus diseases. The lines tested also have had

variable tolerance to aluminum concentrations in the soil, frost-heaving,

winter freezing, and wet soils (Kolding and Metzger, 1985).

Recently, a new variety of triticale, Flora, was released by USDA in

1985. Early selection and testing were done in the community of Flora in

Union County, Oregon. Flora is a semi-dwarf winter hexaploid triticale,

adapted to the intermountain valleys and plateaus in eastern Oregon,

where the soils are sandy. Flora has been reported to have excellent

winter hardiness, and be resistant to dwarf smut, Barley Yellow Dwarf

Virus, and very tolerant to high sodium soils (Anonymous, 1985).

The nutrient composition of triticale (var:Flora) was summarized by

Savage pl. al, (1987) in Table II.1.
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Table II.1. Nutrient composition' of Flora variety of triticale (as fed basis)

Crude protein, % 8.75
Metabolizable energy, kcal/kg 3052
Crude fiber, acid detergent, % 3.12

Calcium, % .05
Phosphorus, % .36
Potassium, % .51
Sodium, % .01
Magnesium, % .14
Iron, ppm 104
Copper, ppm 15
Zinc, ppm 31
Manganese, ppm 63

Alanine, % .33
Arginine, % .55
Aspartic acid, % .54
Cystine, % .30
Glutamic acid, % 2.34
Glycine, % .33
Histidine, % .21
Isoleucine, % .30
Leucine, % .56
Methionine, % .17
Phenylalanine, % .41
Pro line, % .87
Serine, % .39
Threonine, % .26
Tyrosine, % .29
Valine, % .39

Linoleic acid, % .66

'The nutrient composition was determined by various departments at
Oregon State University.
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B. Peas (Pisum sativum L.)

Pisum sativum was probably domesticated about 7000 BC in the

mountainous regions of southwest Asia, particularly Afghanistan and India

(Janick el, AL 1981; Makasheva, 1983). Pisum humile is considered to be a

possible ancestor of the current Pisum sativum (Janick gib.,, 1981).

Govorov in 1937 proposed that two species may have participated directly

in the origin of the cultivated pea: Pisum elatius B. and Pisum fulvum S.

(Makasheva, 1983). Cultivars of peas are often classified according to color

of the seed coat; light and dark green (Hartman el AL 1981). Pea cultivars

are also classified as smooth or wrinkled peas (Hartman et g, 1981).

Chemical Compositions of Peas (Pisum sativum

Pea seeds, depending upon the varieties and growing conditions,

contain (on a dry weight basis): 9 to 15% water, 18 to 35% protein, 24 to

60% carbohydrate, 0.6 to 1.5% lipids, 2 to 10% cellulose, and 2 to 4%

minerals (Makasheva, 1983). Cousin (1983) stated that dried peas contain

23 to 33% protein and 40 to 50% starch.

a. Protein and amino acid content

Like all legumes, because of symbiosis with the nodule bacteria, peas

accumulate two to three times more protein than cereals. The average

range of protein content in the pea seeds varies from 15.5 to 39.7% of the

dry matter (Makasheva, 1983; Monti, 1983). The crude protein content of

different varieties of yellow peas grown in the state of Washington varied
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from 20.8 to 23.1% (Reddy gial, 1979). According to Makasheva (1983),

different pea varieties contain amino acids (as percentage of the decalcified

proteins) in the following:
Tyrosine 2.3 to 3.3%
Cystine 0.73 to 1.1%
Aspartic and glutamic acids 26 to 59%
Methionine 1.4 to 1.9%
Lysine 3.7 to 6%
Tryptophan 0.99 to 1.3%
Histidine 2 to 2.6%
Arginine 9.3 to 12.6%

In 1979, Holt and Sosuiski determined that the variation in amino

acids in field peas was affected by environment (several locations) and

genotypes (17 lines of field peas). Arginine, aspartic and glutamic acids

and relatively large amounts of lysine and leucine were the amino acids

identified in the study. Furthermore, when the adult human dietary

requirement was used as a standard, the sulfur amino acids were

determined to be the first limiting amino acid, whereas threonine and

valine were second and third, respectively, in this study.

The details on amino acid content in the pea can be further amplified.

Arginine, leucine, lysine, aspartic and glutamic acid have been reported to

account for 50% of the total amino acids, whereas histidine, methionine,

threonine, tryptophan and cystine less than 11% (Holt and Sosulski,1979;

Evans and Boulter, 1980). An interesting feature pertaining to the amino

acid content of peas was reported by Evans and Boulter (1980); a negative

correlation was found between the sulfur amino acid content and pea seed
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protein.

The storage proteins of Pisum sativum have been separated into two

entities called legumin and vicilin with molecular weights of approximately

331,000 and 196,000, respectively, and similar amino acid compositions

(Boulter and Derbyshire, 1971). The legumin of Pisum sativum has glycine,

leucine, and threonine as the N-terminal amino acids, whereas the vicilin

has aspartic acid and serine at its N-terminals (Boulter and Derbyshire,

1971). The round and wrinkled peas were also shown to differ in the

proportion of storage proteins, the wrinkled varieties average less legumin

than the round form (Davies and Domoney, 1983).

b. Carbohydrates

The principal carbohydrates in peas are represented mainly by starch

(20 to 50%) and sugars (4 to 10%). The remaining carbohydrates present

are hemicellulose, cellulose, pectin substance, and pentoses (Makasheva,

1983). The carbohydrate contents ranged from 60% for wrinkled peas to

67% for smooth peas. Wrinkled peas were richer in hemicelluloses,

cellulose, and ethanol-soluble sugars (Cerning-Beroard and Filiatre, 1976).

The smooth peas were richer in starch (48%) than the wrinkled peas (33%),

while wrinkled peas contained more (10%) ethanol-soluble sugars than

smooth peas (8%). The major constituent of the ethanol-soluble sugars

were, in order of decreasing magnitude, verbascose, stachyose, sucrose, and

raffinose (Cerning-Beroard and Filiatre, 1976). Makasheva (1983) and

Bailey and Boulter (1971) observed that most seed starch in the smooth
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pea was in the form of amylopectin (37.6% to 41.6%), whereas the

predominant form of starch in the wrinkled pea varieties was amylose

(65.5 to 90.9%).

c. Vitamins and minerals

The amount of vitamins and minerals contained in the peas (Pisum

sativum) have received limited study. Makasheva (1983) reported that

green peas, based upon 1000 g fresh weight, contain 4 mg provitamin A

(Carotene), 3 to 5 mg vitamin B1 (thiamin), 1 to 1.5 mg of B2 (riboflavin),

300 to 500 mg of vitamin C, and 1.2 mg pantothenic acid. Large quantities

of vitamin B complexes are accumulated in green peas and immature pods.

They are considered to be the major sources of the vitamin content. Peas

also have inositol. Vitamins C and E (tocopherol), absent in mature seeds,

are present in the germinating pea seeds.

The ash of pea seeds contain 79% phosphorus and calcium. The

remaining elements (magnesium, sulfur, iron, silicon, chlorine, sodium)

comprise 21% of the ash. The seeds and pod walls contain small quantities

of manganese, copper, molybdenum, boron, iodine, cobalt, zinc, and other

elements.

d. Protease inhibitors

Naturally occurring trypsin and chymotrypsin inhibitors are

polypeptides with molecular weight mostly between 8,000 and 12,000 or

about 20,000 (Liener and Kakade, 1980; Weder, 1981). Trypsin and
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chymotrypsin inhibitory activities (TIA and CTIA, respectively) have been

detected in different varieties of peas (Pisum sativum) and ranged from 7

to 13 TIA and 8 to 15 CTIA. The TIA and CTIA units were expressed as

milligrams of enzymes inhibited by one gram of plant material (Weder,

1981). During feed processing, most protease inhibitors are destroyed by

wet heating (Kienholz el AL, 1962; Liener and Kakade, 1980). Other

protease inhibitors found in the peas were plasmin and papain (Weder,

1981).

e. Hemagglutinins (Lectins)

Most legume seeds contain the heat-labile toxicants called

hemagglutinins, but very few reports are available on their relative

activities (de Muelenaere, 1965; Jaffe, 1980). Lectins are receptor-specific

proteins, and consist of two to four polypeptide subunits. They also contain

bivalent metal ions which are able to agglutinate a variety of cell types

(Jaffe, 1980; Toms, 1981). The hemagglutinating activity of rabbit

erythrocytes for the green peas (Pisum 5ativum) was 80 HU per gram of

pea seeds (de Muelenaere, 1965). Although the pea lectins are probably

tetramers, they contain only two binding sites (Jaffe, 1980). Wagh gt alt

(1963) observed that kidney bean lectin decreased growth in chicks, but no

lethal action was detected. Liener (1974) concluded that the toxic effects

of the hemagglutinins present in peas could be generally eliminated by

proper thermal treatment, but it should be recognized. that conditions

might prevail whereby complete destruction of the phytohemagglutinins
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might not be always be achieved.

Nutritional Evaluation of Peas (Pisum sativum) for Poultry

a. Broilers and growing chicks

The field pea is an alternative protein source that has been included

in poultry diets with limited success, which may be due to the presence of

a growth inhibitor and a low methionine content (Savage gi aL., 1986).

Petersen el AL. (1944) investigated to what extent Alaska field peas (Pisum

sativum) required supplementation with amino acids when used as the sole

protein supplement for Single Comb White Leghorn cockerel chicks.

Methionine was the principal limiting amino acid for chick growth. A 12%

pea protein diet supplemented with 0.25% methionine had a comparable

growth rate to a 12% crude protein control diet (the composition of the diet

was not given). Comparable results were also reported by Reddy dal

(1979) using commercial broiler-type chicks. Similarly, Bolin gi pi (1946)

stated that feeding Alaska field pea (Pisum.sativum) diets to Single Comb

White Leghorn cockerel chicks with added methionine resulted in an

increased growth response. Moran el AL. (1968) fed field peas (Pisum

sativum) to chicks from one to three weeks of age as the sole source of

protein (20%) in semi-purified diets with or without supplemental essential

amino acid calculated to be deficient. Chick growth and feed efficiency

values indicated that methionine was deficient while cystine and

tryptophan were adequate. However, prepelleting of the pea meal was

necessary to achieve broiler chick growth and feed efficiency comparable
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with those observed with a control corn-soy diet. In a study by Goatcher

and McGinnis (1972), methionine supplementation of diets containing peas

(Pisum sativum) significantly improved the chick growth when compared

to feeding a basal diet containing 53.5% of steam autoclaved dry peas.

Huyghebaert gt g. (1978) indicated that there was no significant difference

among various processing treatments, only a slight increase in the nutritive

value of the peas (Pisum sativum) after heat or mechanical treatment. In

contrast, Zima (1980) reported that autoclaving resulted in an average

increase of 7.7% true digestibility of amino acid in peas (Pisum

The results of a 7 week feeding trial containing pea meal were reported by

Vogt gi g (1979). There was no adverse effect on growth or feed

efficiency in which 5 to 35% corn or soybean meal in the control diet was

replaced by pea meal, on an isocaloric and isonitrogenous basis. Vogt

(1984) indicated that growing birds could be fed diets containing up to 45%

of raw or thermal treated peas (with methionine supplementation) without

adverse effects.

b. Laying hens

Several experiments have been conducted to determine the suitable

amount of peas to be included in the diet. Moran gjg. (1968) indicated

that the pelleting of peas was not necessary for optimal performance of

laying hens offered diets containing 15 or 30% pea meal; however,

heat-processing of peas was a prerequisite for efficient feed utilization.

Lindgren (1975) observed that varieties (Lotta, Timo, Bello) of the pea
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(Pisum sativum) did not affect egg production, but there was a significant

negative correlation between tannin content and protein digestibility.

Andersson (1979) reported that an increased deformation of shells and

decreased shell thickness was encountered in eggs from hens fed

isonitrogenous diets containing 30% peas, when compared to a control diet

(barley-based with soybean meal, corn, wheat, oats, and 0.1% methionine

supplementation). Egg production and feed conversion were not different

between the pea and control diets (Andersson, 1979). In a 20 week

experiment with laying hens, an oat-based diet containing 37.5% ground,

raw field peas (Pisum sativum var:Maro) with 1% white-fish meal had an

average daily egg output of 27.3g/hen, compared with 50.5g for hens fed

control diet (Oat, wheat, and 10.0% white fish meal). Methionine

supplementation (0.2%), in addition to the heat processing of the peas,

resulted in an egg production (49.3g/hen/day) comparable to the control

diet (Davidson, 1980). Richter (1981) fed hybrid White Leghorn hens

mixed diets of 10, 20, or 30% peas from 22 to 73 weeks of age. The diets

had methionine equivalent to 6.1 to 6.7g/kg of feed. Peas had no effects

on feed intake, laying performance, egg weight, egg shell strength, body

weight, mortality, hemoglobin content, and hematocrit values. It was

concluded that peas could be included at 30% in laying hen diets without

adverse effects on the performance. Similarly, Vogt (1984) found that in

laying performance studies with up to 30% peas in the diets, no negative

effects were observed. Thermal treatment of peas in the diets improved

egg output, feed efficiency, laying rate, and egg weight. Askbrant and
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Hakansson (1984) demonstrated that the digestibility of crude protein in

peas by laying hens was lower than soybean meal, while the digestibility of

total carbohydrates was higher. The digestibilities of crude fat and organic

matter were nearly the same as those soybean meal. In contrary to most

studies, Vogt (1984) demonstrated that the antinutritive factor with field

pea was heat stable. With proper thermal treatment and methionine

supplementation, field peas can be included up to 30% in the laying hen

diet.

c. Turkeys

Until recently, only a few studies have used turkeys to evaluate the

nutritional values of peas. Using turkey poults and chicks, the presence of

a growth inhibitor was identified, and thermal treatment inactivated the

factor and improved the nutritive values of peas for poults (Kienholz gI,

1959). Determination of the free amino acids in the plasma of poults was

used to identify the limiting amino acids in pea protein concentrates

(Dunkelgod and Winkleman,1982). The plasma free amino acids,

methionine, arginine, threonine, proline, leucine, isoleucine, valine, and

phenylalanine were found to be limiting in the pea diets. Savage gi

(1986) concluded that the feeding of ground raw yellow peas, variety

miranda (up to 55%) to market turkeys (15 to 19 weeks of age) was not

detrimental to growth rate, feed utilization or meat quality. The nutrient

composition of yellow peas (Pisum §ativum L. variety Miranda) is present

in Table 11.2.
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Table 11.2. Nutrient composition of Miranda variety of yellow pea (as fed
basis)

Crude protein, % 21.10
Metabolizable energy, kcal/kg 2844
Crude fiber (acid detergent), % 9

Calcium, % .05
Phosphorus, % .45
Potassium, % .91
Sodium, % .003
Magnesium, % .12
Iron, ppm 112
Copper, ppm 6.30
Zinc, ppm 45
Manganese, ppm 15.30

Arginine, % 1.57
Cystine, % .28
Glycine, % .54
Histidine, % .44
Isoleucine, % .61
Leucine, % 1.06
Lysine, % 1.09
Methionine, % .08
Phenylalanine, % .77
Threonine, % .56
Tylosine, % .57
Valine, % .67

Linoleic acid, % .45

Savage gl j (1980.
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ABSTRACT

The reproductive performance of four commercial strains of broiler

breeder males (BBM) housed in individual cages was studied from 22 to 56

weeks of age (WOA). A total of 256 BBM was fed low protein diets (7%

crude protein (CP) diets with1985, 2424, 2868 kilocalories (kcal)

metabolizable (M) energy (E) per kg of feed) and a 16% CP diet with 2871

kcal ME/kg. The low CP diets were fed Ad libitum whereas the 16% CP diet

was restricted daily. The diets consisting primarily of triticale (var:Flora)

were fed from 22 to 40 WOA and corn-soy diets from 41 to 56 WOA.

Seminal volume (SV), packed sperm cell volume (PSCV) and body weights

were measured biweekly. Seven fertility trials were conducted between

32 and 56 WOA.

Dietary treatments, when pooled across strains, influenced (P<.05)

body weight gains from 22 to 40 and 41 to 50 WOA, PSCV from 22 to 40

WOA, testicular weight and abdominal fat at 56 WOA, but not SV, fertility,

and hatch of fertile eggs. Significant (P<.05) dietary treatments by strains

interactions were determined for SV, PSCV, fertility, hatchability of fertile

eggs, testicular weight, and abdominal fat. These significant differences

were not consistent among the strains within the dietary treatments and

between the two periods.

According to the conditions of this experiment, caged BBM can be

maintained on a daily intake of 439 kcal ME and 15.5 g CP per male (7% CP

diet with 1985 kcal ME/kg) without adverse effects on fertilizing capacity

of semen and reproductive performance; however, the BBM's genotype
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needs to be considered when feeding low protein diets with 7% CP.
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INTRODUCTION

Establishing the nutritional requirements of broiler breeder males

(BBM) that are used in artificial insemination programs has been the topic

of various investigations. Reports describing the exact dietary crude

protein and metabolizable energy intake requirement for caged BBM are

limited. Furthermore, the seminal characteristics of different strains of

BBM responding to the same nutritional program have yet to be

determined. In 1981, Fiser and Chambers reported considerable variation

in the duration of fertility among 13 strains of caged BBM, however, no

differences among strains were determined for fertility and hatchability.

The ad libitum feeding of crude protein (CP) diets as low as 6.9% has

been reported not to affect the reproductive traits of Single Comb White

Leghorn (SCWL) roosters (Arscott and Parker, 1963). Severe restriction of

dietary metabolizable energy (ME) (186 and 143 kcal ME/male/day), on

the other hand, resulted in decreased testicular weight, seminal volume,

and spermatozoa) fertilizing capacity (Parker and Arscott, 1964).

Studies estimating the daily protein and energy requirement

through the restricted feeding of caged BBM have been reported. Renden

and Pierson (1982) reported that individually caged BBM, maintained on a

restricted daily feed intake of 14.9 grams (g) of CP and 358 kcal of ME,

produced larger quantities of more concentrated semen than BBM

maintained in litter floor pens and fed the same. Brown and McCartney

(1986) restricted the feed intake of caged BBM and calculated a daily ME

intake of 346 kcal and 19.7 g CP per male was adequate for body weight
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maintenance. Buckner gig. (1986) demonstrated that seminal production

of caged BBM was not affected by daily restricted CP intakes ranging from

11.9 to 17.8 g and 288 to 437 kcal ME. Another method of establishing

daily protein and energy requirements for caged BBM is via 24 libitum

feeding of low protein diets with varying levels of energy.

Feeding low protein and energy diets Ad. libitum to caged BBM would

reduce labor costs as compared to daily feed restriction programs, while

regulating body weight gains and maintaining seminal production. Buckner

and Savage (1986) indicated that seminal production of caged BBM could

be maintained on a daily CP intake of 10.9 g and 495 kcal of ME when fed

libitum.

Since BBM have a genetic predisposition to overconsume feed

resulting in excessive body weight gains and poor seminal production,

proper management is crucial for maintaining the reproductive

performance of caged BBM. The feeding of low CP diets to BBM may be

feasible; however, the relationship of dietary CP intake to the BBM's

required energy needs to be determined in order to achieve optimal

reproductive performance. The following study was undertaken to

determine the feasibility of feeding caged BBM 7% CP diets Ad libitum as

compared with a restricted 16% CP diet; the effects of 7% CP diets with

varied levels of metabolizable energy on the seminal production, and

fertilizing capacity, and if different genetic strains of BBM respond

similarly to the various diets in terms of reproductive performance.
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MATERIALS AND METHODS

Sixty-four broiler breeder males (BBM) from each of four commercial

genetic strains, designated as A, B, C, D, were raised on wood shaving litter

from day-old to 20 weeks of age (WOA) according to the individual

breeder's recommendations with a 8 Light (L):16 Dark (D) lighting regimen.

At 20 WOA, the males were placed in individual cages (30.5cm x 45.7cm x

45.7cm) within a windowless positive pressure-ventilated house. Eight 15

minute watering periods at two hour intervals were provided during the

light period (0400 to 1800 hours daily). The lighting regimen was

increased to 14L:10D at 20W0A and maintained throughout the study. The

males were allowed to adapt to the cage environment from 20 to 22 WOA.

At 22 WOA, four dietary treatments were randomly assigned to a

total of 16 rows of cages (four rows per dietary treatment). Each row

contained 16 cages, and four males per strain were randomly placed in

individual cages of each row. A total of 256 BBM was used in the study.

Consequently, each diet by genetic strain combination was composed of

four replicates. The dietary treatments consisted of a 16% CP, 2871 kcal

ME/kg diet; and isonitrogenous 7% CP diets with one of the three levels of

ME: 2868, 2424, and 1985 kcal ME/kg of feed (Table III.1). Triticale (var:

Flora) was the principal grain in the diets which had been previously

demonstrated to be suitable for breeder toms (Nilipour gi al., 1987). The

7% dietary protein and energy levels were attained by the addition of a

#70 grade sand. The three 7% CP diets were fed agl libitum. Since all males

were maintained in cages, those males fed the 16% CP diet received 80% of

the combined average of the four breeders' recommended daily restricted
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amounts. Feed was evenly distributed in a continuous trough in front of

the cages with no provisions made to prevent competitive and

disproportionate feeding of males in adjacent cages. From 22 to 40 WOA,

the diets contained triticale (var:Flora), then corn-soy diets were fed from

41 to 56 WOA.

Individual body weights were measured at 22 WOA, when the

dietary treatments were begun and then individual body weight, seminal

volume, and packed sperm cell volume were measured biweekly from 24

through 50 WOA. Seminal ejaculates were collected from all BBM biweekly

throughout the experiment by the same collector. Ejaculates were collected

in plastic cups, and the volumes measured. Packed sperm cell volumes

were determined following centrifugation of filled microcapillary tubes.

Monthly feed consumption data was recorded for each row of caged BBM.

The fertilizing capacity of seminal ejaculates at 32, 36, 39, 42, 47, 50, and

56 WOA were evaluated by artificially inseminating four individually

caged broiler breeder hens each with .08 ml of undiluted pooled semen.

The seminal samples were derived from 4 BBM of each strain and dietary

treatment. Eggs were collected daily for 9 consecutive days starting on the

second day following a single insemination. The eggs were incubated,

candled after the tenth day, and the contents of individual clear eggs were

macroscopically examined to determine true fertility. Hatchability of

fertile eggs was determined by dietary treatment and genetic strain for

each hatch. At 56 WOA, the study was concluded. Abdominal fat and

testes were removed from all the males and their weights recorded after a

16 hour feed withdrawal period. Abdominal fat consisted of both leaf and
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gizzard fat and was expressed as a percentage of body weight. Testicular

weights were expressed in grams per 100 grams of body weight.

The data were analyzed by analysis of variance for a split-plot design

in which dietary treatment and genetic strains were the main plot effects,

and age the subplot effect. The analyses were corrected for the average

number of males per replicate due to mortality. Since feed ingredients

were changed at 41 WOA, the data were examined for two separate

periods. Significant differences in the mean values among dietary

treatments and genetic strains were determined by Tukey's Studentized

range test (Steel and Torrie,1980). Percentages were transformed to arcsin

before analysis. Pearson's correlation coefficients were calculated to

determine significant relationship between reproductive traits, body

weight gain, and abdominal fat weight.
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RESULTS AND DISCUSSION

The mean daily feed, CP, metabolizable energy intake, body weight

gains, and mortality from 22 to 40 and 41 to 50 WOA of BBM fed either a

16% CP daily restricted diet or agl. libitum 7% CP diets with various dietary

energy levels are presented in Table 111.2. Because of the experiment's

design, the effects of genetic strain on daily feed consumption, calculated

energy and protein intake were not determined. Mean daily feed

consumption per male from 22 to 40 and 41 to 50 WOA increased as the

level of dietary ME decreased in the ul libitum fed males (7% CP diets).

Those males fed the restricted 16% CP diet consumed 122 g of feed daily.

The BBM fed the 16% CP diet had a greater daily CP intake per male than

the 7% CP dietary groups in both periods. Although the daily CP intake

among the males fed the 7% CP diets from 22 to 40 WOA was not different,

the daily CP intake from 41 to 50 WOA was higher for the males on the

1985 ME when compared to the 2868 ME diet. Males maintained on

the16%CP-2871ME diet had a lower daily ME intake only when compared

to those fed the 7SCP-2868ME diet from 22 to 40 WOA, but the daily ME

intake among the males fed the various 7% CP diets was not different.

From 41 to 50 WOA, there were no differences in daily ME intake among

the four dietary treatments. The daily ME and CP intakes of the restricted

16% CP treatment (351 kcal ME/bird, 19.5 g CP/bird) were comparable to

those recommended by Brown and McCartney (1986) of 346 kcal ME and

19.7g CP daily intake per male. Furthermore, the daily ME and CP values

determined in this study were also similar to those of Buckner and Savage



81

(1986) and Buckner et. ( 1986). They reported that feeding caged BBM

10.9 g of CP and 495 kcal ME daily from 20 to 65 WOA acilibitum or the

daily restricted feeding of 14.8 g of CP and 358 kcal ME were adequate for

body weight maintenance and seminal production.

Body weight gain from 22 to 40 WOA of the BBM fed the

7 %CP- 2868ME diet was greater than that of males fed the 16% CP diet and

the two other 7% CP diets. This may be due to the higher daily ME intake

and subsequently the greater abdominal fat accumulation. From 41 to 50

WOA, the BBM fed the three 7% CP diets gained more body weight because

of the higher daily ME intakes than those males on the restricted 16% CP

diet, but there were no differences in body weight gains among the BBM

fed the various 7% CP diets. The mortality of BBM fed the various diets

from 22 to 40 WOA ranged from 6.3 to 7.8%, and during the period 41 to

50 WOA from 1.6 to 9.4% and do not appear to be related to the

treatments.

The effects of dietary treatments on seminal volume, packed sperm

cell volume, fertility, and hatchability of fertile eggs in the two age periods,

and testicular and abdominal fat weights at 56 WOA are summarized in

Table 111.3. When the data from the four strains was pooled, seminal

volumes were not affected by dietary treatment in either period. Wilson

and McDaniel (1983) demonstrated that caged BBM fed 12% protein diets

produced more seminal plasma than BBM fed diets containing16 and 18%

protein. In this study, the packed sperm cell volumes of males fed the

restricted 16% CP diet from 22 to 40 WOA were significantly higher than

either the 7%CP-2868ME or 7%CP-2424ME diet. There were no differences
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found among the three 7% CP diets from 22 to 40 WOA, and no differences

were observed among the four dietary groups from 41 to 50 WOA. Neither

fertility nor hatchability of fertile eggs were affected by feeding the BBM

either the 7% CP diets or the 16% CP diet, based on the evaluation of 7

hatches from 32 to 56 WOA.

Testicular weights were significantly higher in males fed the ggi

libitum 7 %CP- 2424ME diet than those fed the daily restricted 16% CP diet

(19.5g CP, 351kcal ME/male). Testicular weights were not different among

the asi libitum fed 7% CP diets. Reduced testicular weights have been

found with dietary energy restriction in Leghorn males (Parker and

Arscott, 1964) and feed restriction in BBM (Brown and McCartney, 1986;

Buckner g/ 1986). The results in this study indicate that a daily ME

intake of 351 kcal/male reduces testicular weights but not seminal volume.

When the daily ME intake was reduced further to 253 kcal/male as shown

by Brown and McCartney (1986), seminal production was also reduced.

Significant differences in abdominal fat deposition were observed

among the restricted 16% CP diet and two of the 7% CP ad libitum diets.

Males maintained on a 7 %CP- 2868ME diet accumulated more abdominal fat

than either those males fed a daily restricted 16% CP or a 7SCP-1985ME

libitum diet, because the daily ME intakes of those males fed the

7%CP-2868ME diet (513 kcal/male) were significantly higher than those

fed the 16% CP diet (350 kcal/male) during the period 22 to 40 WOA.

Males on the 7%-2424ME diet were not different from those on other 7% CP

diets. No differences in daily ME intakes were also observed among those

on the three 7% CP diets from 22 to 40 and 41 to 50 WOA.
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The effects of genetic strains receiving the four diets on seminal

volume, packed sperm cell volume, fertility, and hatchability from 22 to 56

WOA, and testicular weight, abdominal fat weight at 56 WOA are

summarized in Table 111.4. Statistical interactions between diets and

strains were detected in all the parameters measured, although the

interactions were not consistent among the different strains within each

dietary treatment and between the two periods. Significant (P<.05) strain

responses for seminal volume were observed for the 7XCP-2868ME diet in

both age periods and for the 7XCP-1985ME diet between 22 and 40 WOA.

There were consistent strain differences for packed sperm cell volumes

among strains fed the 16% CP diet in both periods. There were no

differences in packed sperm cell volume among strains fed the three 7%

diets from 22 to 40 WOA, while differences among strains fed the

7XCP-2868 and 2424 ME diets were found from 41 to 56 WOA. In this

study, there were differences in fertility and hatchability among the

strains within diets, but they were not consistent between the two periods.

Fiser and Chamber (1981) reported no differences among 13 commercial

strains of males for fertility and hatchability except for duration of

fertility, suggesting that the differences within strains were greater than

among strains. The differences observed in this study were probably due

to genotype by diet interactions, since there were four strains and four

diets studied; thus increasing the probability of detecting a difference.

Testicular weights and abdominal fat were significantly different

(P<.05) only among the strains fed the 7XCP-2424ME diet. Within the

7XCP-2424ME diet, strain C males had the heavier testicular weights than
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strain A and D males, whereas strain A males accumulated more abdominal

fat than strain C and D males. Griffith ttil. (1978) also reported that

differences exist among various strains of caged broilers for the abdominal

fat weight.

The results of this study suggest that there are differences in dietary

requirements among various strains of BBM, and these differences were

reflected in their seminal volume, packed sperm cell volume, fertility,

hatchability, testicular weights and abdominal fat. The results demonstrate

that strain A males fed the 7 %CP- 2868ME diet consistently produced the

larger seminal volume than strain D, whereas strain D males fed the 16% CP

diet had the best packed sperm cell volume.

Pearson's correlation coefficients were calculated for mean 22 to 40

and 41 to 50 WOA seminal volumes, packed sperm cell volumes, body

weight gains, and abdominal fat and testicular weights at 56 WOA by diet

and genetic strain. Of the 304 coefficients calculated, only 15 were

significant (p<.05), and none were consistent within a strain, diet, or

feeding period.

The results of the present study and others (Renden and Pierson,

1982; Brown and McCartney, 1986; Buckner tt 1986; Buckner and

Savage, 1986) indicate that ,libitum feeding of caged BBM an average

daily ME value of 439 kcal and 15.5 g CP per male, based upon the feeding

of a 7%CP-1985ME diet, was adequate for seminal production and body

weight maintenance from 22 to 50 WOA. In attempting to determine the

minimum amount of daily protein and energy requirement, the genetic

strain of the male needs to be considered.



85

Under the conditions of this experiment, caged BBM can be

maintained on 7% CP with 1985 kcal ME/kg diet ast libitum without

adverse effects on fertilizing capacity of semen and reproductive

performance. However, it was clearly shown that managing caged BBM for

optimal seminal production using a low protein diet with varying levels of

metabolizable energy should take into consideration the genotype of BBM.
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Table 111.1. Composition of broiler breeder male diets

22-40 WOA 41-36 WOA

16/CP 71cp 7%cp 7%cp
Ingredients 2871ME 2868ME 2424ME 1985ME

16%CP 7%CP 7%CP 7%CP
2871ME 2868ME 2424ME 1985ME

Triticale (var:Flora) 77.25
Corn, yellow -
Soybean meal,

47.3% CP 19.28
Alfalfa meal, dehy.,

17% CP .5

70
-

1.7

.5

77

.5

.5

60.5

3.4

.5

67.88

19.2

5

69.2

1.45

1

69

1.5

1

54.6

4.2

1

Silicate sand, '70 grade - 15.5 18.7 32.3 5.05 18.46 25.06 36.81
Animal fat - 9 6.5
Defluorinated phosphate,
32%Ca:18%P 2 2.27 2.27 2.27 1.65 2 1.95 2.05

Limestone flour .2 .16 .16 .16 .35 .35 .45 .35
Salt, iodized .25 .25 .25 .25 .25 .25 .25 .25
Vitamin premix1 .4 .4 .4 .4 .4 .4 .4 .4
Trace mineral mix2 .07 .07 .07 .07 .07 .07 .07 .07
1-Lysine (50%) .13 .13 .13 .1 .3 .3 .25
Cl-Methionine (98%) .05 .02 .02 .02 .05 .02 .02 .02

Calculated analysis
Crude protein, % 16 7.02 7.06 7 16.04 7.02 7.03 7.03
Metabolizable energy,

kcal/kg 2891 2865 2432 1984 2850 2871 2415 1986
Calcium, % .83 .85 .85 .85 .82 .82 .84 .84
Available

phosphorus, % .41 .42 .42 .42 .41 .43 .42 .43
d,l-Methionine, % .32 .15 .16 .15 .32 .16 .16 .15
Methionine &

Cystine, % .56 .24 .25 .24 .59 .29 .29 .28
Lysine, % .84 .35 .33 .37 .82 .34 .34 .37

1Provided per kg of diet: Vitamin A, 66001U; vitamin D3, 2200 ICU; riboflavin, 6.6 mg;

d-pantothenic acid, 11.0 mg; niacin, 44.0 mg; choline, 381.9 mg; vitamin B12, 11.0 mcg; vitamin E,

2.2 IU; vitamin K, 1.1 mg; folic acid, .44 mg; ethoxyquin, .12 g.

2Provided per kg of diet: Ca, 136.5 mg; Mn, 84 mg; Fe, 28 mg; Cu, 2.8 mg; I, 1.68 mg; Zn, 38.5 mg;
Co, .28 mg.
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Table 111.2, Dietary effects on calculated mean daily feed, energy, protein intake,
body weight gains, and mortality from 22 to 40 and 41 to 50 WOA

Diets

Periodl(W0A)
16%CP
2871ME

7%CP 7%CP
2868ME 2424ME

7%CP
1985ME SE2

Feed (g/male/day)

22-40 122c 179 b 193ab 222a 10
41-50 122c 151bc I84ab 221a 9

rude protein (g/male/day)

22-40 19.5a 12.5b 13.5b 15.51) .9
41-50 19.5a 10.6c 12.9bc 15.4b .7

-Metabolizable energy (kcal /male/day)-

22-40 350b 513a 467ab 439ab 30
41-50 351a 434a 445a 438a 22

Initial body weight (g/male)

22 3150a 3227a 3241a 3136a 306

Body weight gain (g

22-40 1236b 1786a 1440b 1427b 61

41-50 105b 464a 464a 527a 58

Mortality (%)

22-40 6.3 6.3 6.3 7.8
41-50 9.4 6.3 3.1 1.6

a,b,cValues in the same row having different lettered superscripts are significantly
different (P<.05).

1Triticale (Flora) diets fed 22 to 40 weeks of age (22-40) and corn-soy diets fed 41 to
50 weeks of age (41-50).

2Standard error of the means.
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Table 111.3. Dietary effects on mean seminal volume, packed sperm cell volume,
fertility, hatchability, testicular weight, and abdominal fat

Diets
16%CP

Periodl(W0A) 2871ME
7%CP 7%CP 7%CP

2868ME 2424ME 1985ME SE2

Seminal volume (ml)

22-40 29a .24a 25a .28a .02
41-50 .35a .35a .36a .36a ,02

Packed sperm cell volume (% )-------

22-40 162a 13.7b 13.8b 15.1ab .5
41-50 15.6a 14.1a 15.2a 145a .5

Fertility(%)

22-40 912 a 865a 91/a 912a 1.8
41-56 91.5a 945a 95.4a 93.0a 3.2

Hatchability of fertile eggs (%)

22-40 828a 84.2a 79.9a 838a 29
41-56 77.0a 80.1a 84.1a 785a 4.1

Testicular weight3(g/100g

56 59b .69ab .72a .68ab .03

4
Abdominal fat (% )

56 .09b 1.30a .81ab 56b .18

abValue in the same heading row having different lettered superscripts are
significantly different (P<.05).

1Triticale (Flora) diets fed 22 to 40 weeks of age (22-40) and corn-soy diets fed 41 to
56 weeks of age (41-56).

2Standard error of the means.
3Grams of testes per 100 grams of fasted body weight.
4Abdominal fat as percentage of fasted body weight.



89

Table 111.4. The effects of strains1 within diet on mean seminal volume, packed sperm cell volume, fertility, and hatchability from 22 to 40 and 41 to 56 WOA,
testicular weight, and abdominal fat content at 56 WOA

Diets2

16SCP 7SCP 7SCP
2871ME 2868ME 2424ME

VOA A B C D SE3 AB C D SE3 A BC
Seminal volume (ml)

22 40 .28 .34 .29 .24 .02 .316 .27612 24", 15b, .02 .28 26 25
41 50 .39 .34 .37 29 .02 .426 .316° .37a° 28° .02 .36 .38 .37

Packed sperm cell volume (%)

22 40 15.7", 15.461,: 15.0b, 18.86 .7 11.7 13.9, 14.2, 15.1 .8 13.6, 14.3, 13.1
41 - 50 13.4° 15.5a° 15.9a° 17.7a .7 11.1c 12.8DC 15.8a° 16.86 .9 12.8° 15.6a° 16.7a

Fertility (%)

22 40 91.0, 892, 922 92.4 2 91.8 83.8 80.9 89.4 3 98.3 90.3 87.2
41- 56 94.8" 81.3b 96.06 93.7" 6 98.3 92.3 96.5 90.7 2 95.9 90.8 97.3

Hatchability of fertile eggs (%)

22 40 76.8_, 81.3, 88.8_, 84.5 2 81.1 84.0 81.9 89.7 3 88.96 80 .3ab 67.9b
41 - 56 76.6" 69.1° '79.46° 823a 3 80.5 79.1 85.0 75.9 6 81.6 83.9 862

Testicular weight4 (g/100g)

56 .68 .53 .60 .53 .07 .68 .62 .68 .78 .05 _,60b 71" 946

Abdominal fat (5)
56 .11 .11 .07 .05 .06 1.23 1.90 1.24 .84 .47 1/96 .99" .10b

SE3

7%CP
1985ME

SE3D ABC D

21
.32

.02
.02

.29613

.36
.356
.39

.26"

.38
21b
.30

.02
.02

13.8_,
16.0a°

.7

.6
142
12.9

14.8
13.3

15.8
15.8

15.8
16.1

.6

.6

91.1
97.7

3
3

97.5
94.5

872
93.6

90.9
93.6

89.0
90.1

2
4

82.5"
84.7

6
5

84.5
90.76

78.6_,
84.2"

80.4
62.66

91.8,
76.3°

2
4

.63b .04 .70 .69 .75 .57 .05

.35b 28 .54 .92 .31 .47 .15

Values within the same diet having different lettered superscripts are
significantly different (P(.05); the absence of superscripts indicate no
significant difference (F4).05).

1Commercial strain of broiler breeder males identified as A, B, C, D.

2Triticale (Flora) diets fed 22 to 40 WOA and corn-soy diets fed 41 to 56 WOA.

3Standard error of the means.

trams of testes per 100 grams of fasted body weight.

'Abdominal fat as percentage of fasted body weight.
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ABSTRACT

The performance of progenies from four strains of caged broiler

breeder males (BBM), maintained on various 7% crude protein (CP) dietary

programs with varying levels of metabolizable energy, were determined in

four grow-out trials. Breeder hens from a common source were artificially

inseminated with semen pooled by genotypes within paternal diets. All

broiler progenies were fed identical starter and finisher diets to seven

weeks of age. A significant genotype by trial interaction was observed in

progeny body weight. The feeding programs of the BBM did not influence

progeny body weight; however, paternal diet and genotype influenced

abdominal fat weights.
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INTRODUCTION

Different genetic strains of chickens have been shown to have

different nutrient requirements for optimal performance (Cherry el AL,

1978; Proudoot and Hulan, 1978; Leclercq, 1983; Sorensen tt AL, 1983;

Lilburn, 1985). Rakphongphairoj (1987) observed that differences in the

nutritional intake of male breeder parents from various genetic

backgrounds affected reproductive performance. The question arises,

could different paternal feeding programs influence progeny performance?

Since there is a lack of literature describing the effects of nutritional

programs on the broiler breeder male's progeny performance, the purpose

of this study was to determine if paternal diets and genotypes influenced

progeny growth rate and abdominal fat weight.
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MATERIALS AND METHODS

Broiler breeder males (BBM) from each of four commercial strains

designated as A, B, C, and D were assigned to one of four different feeding

programs and managed as described by Rakphongphairoj (1987). The

paternal diets consisted of the id. libitum feeding of isonitrogenous 7%

crude protein (CP) diets with three levels of metabolizable (M) energy (E)

of 2868, 2424, and 1985 kilocalories (kcal) ME/kilogram (kg) of feed, and a

daily restricted 16% CP diet with 2871 kcal ME/kg. Seminal ejaculates

from BBM were collected and pooled by genotypes within dietary

treatment. Individually caged broiler breeder hens, from the same strain

were fed a daily restricted 16% CP, 2742 kcal ME/kg diet, and each of four

hens was artificially inseminated with .08 ml of pooled semen from the 16

different diet-genotype combinations at 32, 47, 50, 56 weeks of age (WOA).

Eggs were saved daily for nine days beginning on the second day following

a single insemination, and incubated. At hatching, chicks were wing

banded for identification of genotype (A a C, B x C, C a C, and D a C) and

paternal diet.

Four broiler grow-out trials were conducted during the months of

July/August (JUL/AUG), November/December (NOV/DEC),

December/January (DEC/JAN), and February/March (FEB/MAR). Two

hundred day-old chicks per broiler genotype (44 to 56 chicks/paternal

diet) were utilized in the first and second grow-out trials, and 100 chicks

per broiler genotype (22 to 28 chicks/paternal diet) in the third and fourth
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trials. In all four trials, the broiler chicks were fed 909 grams of a 23.2%

CP and 3022 kcal ME/kg starter diet per chick starting at day of age, then

fed a 21.4% CP with 3086 kcal ME/kg finisher diet El libitum to seven

WOA (Table IV.1). The straight run broilers were housed by genotype and

grown on wood shavings-covered floor pens. Broiler growing densities for

the four trials were .16, .17, .12, and .13 square meter per chick,

respectively. Variation in broiler density of the four trials was due to the

availability of broiler housing. The chicks were reared with continuous

lighting throughout all the trials. Individual live body weights were

measured and recorded one day before the termination of each trial. Three

to six birds per sex, broiler genotype, and paternal diet were randomly

chosen for abdominal fat weight determination. Abdominal fat, consisting

of both leaf and gizzard fats, was removed and weighed by the same two

technicians for the four trials. The abdominal fat weights were expressed

as a percentage of live body weight at seven WOA.

The data were analyzed using a 3-way factorial analysis of variance

in a completely randomized design in order to test for the significant

interactions among paternal diet, genotype, and grow-out trial. Significant

differences among means were compared using Tukey's Studentized range

test (Steel and Torrie,1980). Data percentages were subjected to arcsin

transformation before statistical analyses.
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RESULTS AND DISCUSSION

The effects of genotype and grow-out trial on broiler body weight by

sex are summarized in Table IV.2. Progeny body weights were not

influenced (P>.05) by paternal dietary programs, while significant

interactions were noted between broiler genotype and grow-out trials in

this study. Nilipour (1987) has reported similar observations in a study

using turkeys. Breeder toms fed various dietary treatments had no effects

on either progeny body weight or body weight gain. In this study, male

broilers of the B x C genotype had heavier (P<.05) body weights than the

other genotypes in two of the four trials, while the B x C female broilers

had heavier (P<.05) body weight in three out of four grow-out trials. The

body weight differences observed among genotypes agree with literature

reports indicating that body weight was influenced by genotype (Malone

tit., 1979; Merkley ej, al., 1980; and Malone gi 41., 1981).

The effects of paternal diet, genotype, and grow-out trial on

abdominal fat weights are summarized in Table IV.3. Broiler progeny of

both sexes from male parents fed the 7SCP-2424ME diet had the greatest

abdominal fat weights. In contrast, male and female progenies produced

from BBM maintained on the 16SCP-2871ME and 7 %CP- 2868ME diet,

respectively, had lower (P<.05) abdominal fat weights. Although paternal

diet had no effect on progeny body weight, it influenced abdominal fat

suggesting that paternal diet may influence progeny performance. Castro

et git (1986) and Castro and Towle (1986) have reported that

macronutrient intakes can alter nuclear chromatin structure. Therefore,
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the various paternal diets may have resulted in a differential gene

expression associated with abdominal fat weight as a percentage of live

weight.

When the abdominal fat weights were pooled across paternal diets

within genotypes, there were genotypic effects on abdominal fat weight.

The C x C broiler progeny accumulated the largest abdominal fat weight

whereas D x C broilers had the lowest. It was also apparent that there was

a time of grow-out effect on abdominal fat. Broiler progenies from

NOV/DEC trial had the least quantity of abdominal fat while the broilers

from the FEB/MAR trial accumulated the largest amounts. The differences

among broiler genotypes, and grow-out trials for both male and female

broiler abdominal fat weight were observed in the present study. These

observations support the findings of Merkley el j. (1980) that the amount

of abdominal fat was affected by broiler strain cross and time of grow-out.

The variation in the percentage of abdominal fat between trials was

anticipated, since the caloric contents of the diets were not adjusted for

changes in seasonal temperatures.

The F values from the analyses of variance for male and female

progeny body weight and abdominal fat are presented in Table IV.4. Male

and female progeny body weights were influenced by the grow-out trial,

broiler genotype, and also trial by genotype interaction. In addition, the

main factors; grow-out trial, paternal diet, and broiler genotype all had

significant effects on male and female progeny abdominal fat weights.

Significant interactions were also observed in female abdominal fat weight

among the three factors. Lilburn (1985) reported that there appeared to
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be an early dietary effect on the abdominal fat of two broiler genotypes,

but by 50 days of age, only genetic differences were evident. In this

experiment, abdominal fat weight of progeny was influenced by both

paternal dietary programs and broiler genotypes (Table IV.4).

Under the conditions of the experiment, the mean body weights were

not affected by the various paternal diets in this study. The broiler's diets

and genetic strains have been shown to significantly influence broiler

performance and evisceration data (Cherry gi , 1978; Proudfoot and

Hulan, 1978; Leclercq, 1983; Sorensen el. AL, 1983). Similarly, significant

differences in this study were shown to exist among genetic strains in

abdominal fat and body weight of the progeny. Furthermore, the breeder

male's dietary regime and grow-out trials also influenced the abdominal fat

weight of the progenies. However, the importance attributed to these

differences should be determined by economic values derived under

commercial operation.
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Table IV.1. Composition of broiler diets

Diets

Ingredient Starter Finisher

Corn, yellow 58.3 63.47
Soybean meal, 47.5% CP 32.25 27.5
Meat & bone meal, 49.5% CP 5 5
Alfalfa meal, dehydrated, 17% CP 1 1

Animal fat 2 2
Defluorinated phosphate, 32% Ca:18% P .42 .25
Limestone flour .35 .13
Iodized salt .25 .25

Trace mineral nlizl .05 .05

Vitamiz premix' .2 .2

d,l-Methionine (98%) .13 .1

Amprolium3 .05 .05

Calculated analysis
Crude protein, % 23.2 21.4
Metabolizable energy, kcal/kg 3022 3086
Calcium, % 1.0 .8

Available Phosphorus, % .5 .4

Methionine, % .5 .4
Methionine & Cystine, % .9 .8

'Provided per kg of diet.: Ca, 97.5 mg; Mn, 60 mg; Fe, 20 mg; Cu, 2.0 mg; I, 1.2 mg; Zn,
27.5 mg; Co, .2mg.

2Provided per kg of diet: Vitamin A, 3300 IU; vitamin D3, 1100 ICU; riboflovin, 3.3 mg;

d-pantothenic acid, 5.5 mg; niacin, 22 mg; choline, 190.9 mg; vitamin B12 5.5 mcg;
vitamin E, 1.1 IU; vitamin K, .55 mg; folic acid, .22 mg; ethoxyquin, .06 g.

3Gratuitously provided by Merck and Co, Rahway, N.J.
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Table 1V.2. Mean male and female broiler progeny body weight (g) of four grow-out trials at seven

weeks of age

Broiler

Genotype

(MXF)

JUL/AUG (32W0A 1) NOV/DEC (47W0A1) DEC/JAN (50W0A 1) FEB/MAR (56W0A I )

M F M F M F M F

AxC 1950c 1609c 1923b 1686c 1945b 1659bc 1909c 1736c

BxC 2195a 1873a 2114a 1750b 2086a 1809a 2227a 1891a

CxC 2123ab 1773b 19641) 1695bc 1918b 1627c 2127b 1836ab

DxC 2086b 1755b 2123a 1818a 1914b 1691b 2227a 1814b

SE2 43 38 59 45 50 51 71 50

LbcValues in the same column having different superscripts are significantly different (105).

'Paternal age at artificial insemination.

2Standard error of the means.
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Table IV.3. Effects of paternal diet, broiler genotype, and grow-out trial on mean male and female

broiler progeny abdominal fatl(%) at seven weeks of age

SE2

.10

.17

M

F

16% CP-2871K

Paternal dietary program

72 CP- 1985ME 7% CP-2424ME 7% CP- 2868ME

oic
2.24ab

I nab I.82a

2.28ab 2.48a

1.581:1C

2.13b

roller genotype

/US LIU rix.C. DAS
M 1.58bc I.74ab 1.93a 1.42c .10

F 2.14b 2.35ab 2.56a 2.09b .17

Gro -out trial

1UL/AUG NOV/DEC DEC/JAN FR
M istb 1.21c 1.50 2.07a .10

F 2.57a 1.70c 2.24b 2.62a .17

a.b.cValues in the same row having different superscripts are significantly different (P(.05).
lAbdominal fat was expressed as percentage of live body weight at 7 weeks of age.
2Standard error of the means.
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Table 1V.4. The F values from analysis of variance (ANOVA) table for male progeny body weight

(MBW) and abdominal fat (MAF), also female progeny body weight (FBW) and

abdominal fat (FAF)

F value

Source MBW MAF FBW FAF

Trial1 25.271* 31.89** 20.01** 28.211*

Diet2 1.90 5.44** 1.03 3.45*

Genotype3 47.78 11.04** 33.82** 7.42**

Trial X Diet .87 .62 1.00 .74

Trial X Genotype 6.46** 1.43 5.66** 2.61*

Diet X Genotype 1.22 1.67 1.08 2.43*

Trial X Diet X Genotype 1.00 1.25 1.04 1.91*

*P<.05

**P<.01

1Grow -out trial.

2Paternal diet.

3Broiler genotype.



104

REFERENCES

Castro, C. E., J. Armstrong-Major, and M. E. Ramirez, 1986. Diet-mediated
alteration of chromatin structure. Fed. Proc. 45:2394-2398.

Castro, C. E., and H. C. Towle, 1986. Nutrient-genome interaction. Fed. Proc.
45:2392-2393.

Cherry, J. A., P. B. Siegel, and W. L. Beane, 1978. Genetic-nutritional
relationship in growth and carcass characteristics of broiler chickens.
Poultry Sci. 57:1482-1487.

Leclercq, B., 1983. The influence of dietary protein content on the
performance of genetically lean or fat growing chickens. Br. Poultry
Sci. 24:581-587.

Lilburn, M. S., 1985. The importance of genetics when conducting broiler
nutrition reseach. Proc. 1985 GA. Nutr. Conf., Atlanta, GA. Pages
121-127.

Malone, G. W., G. W. Chaloupka, J. W. Merkley, and L. H. Littlefield, 1979.
Evaluation of five commercial broiler crosses. 1. Grow-out
performance. Poultry Sci. 58:509-515.

Malone, G. W., G. W. Chaloupka, P.H. Allen, J. D. May, and J. W. Merkley,
1981. Performance and yield comparisons of five commercial broiler
crosses. Poultry Sci. 60:1691. (Abstr.)

Merkley, J. W., B. T. Wein land, G. W. Malone and G. W. Chaloupka, 1980.
Evaluation of five commercial broiler crosses. 2. Eviscerated yield
and component parts. Poultry Sci. 59:1755-1760.

Nilipour, A. H., 1987. The effects of low protein diets with varying levels of
dietary energy and triticale (var : Flora) on the reproductive
performance of medium white turkey breeder toms. Ph. D. Thesis.
Oregon State University, Corvallis, OR.



105

Proudfoot, F. G., and H. W. Hu lan, 1978. The interrelated effects of feeding
diet combinations with different protein and energy levels to males
and females of commercial broiler genotypes. Can. J. Anim. Sci.
58:391-398.

Rakphongphairoj, V. J., 1987. Reproductive performance of four strains of
individually caged broiler breeder males fed 16% and 7% crude
protein diets with varying levels of metabolizable energy. Ph. D.
Thesis, Oregon State University, Corvallis, OR.

Sorensen, P., A. Chwalibog, and B. 0. Eggum, 1983. Protein and energy
metabolism in two lines of chickens selected for growth on high or
low protein diets. Br. Poultry Sci. 24:237-250.

Steel, R. G. D., and J. H. Torrie, 1980. Principle and Procedures of Statistics.
McGraw-Hill Book Co., Inc., New York, NY.



106

CHAPTER V

THE EFFECT OF 16% AND 7% CRUDE PROTEIN DIETS WITH VARYING

ENERGY LEVELS ON PLASMA CHOLESTEROL AND TOTAL

PROTEIN OF CAGED BROILER BREEDER MALES

V. J. Rakphongphairoj and T. F. Savage

Department of Poultry Science

Oregon State University

Corvallis, OR 97331-3402

This research was a partial fulfillment for the degree of Doctor of

Philosophy, Oregon State University, Corvallis, OR 97330-3402.



107

ABSTRACT

Plasma cholesterol and total protein levels of four strains of caged

broiler breeder males, maintained on a daily restricted 16% crude protein

(CP) and others fed various ad libitum 7% CP diets with varying levels of

metabolizable energy, were determined at 32, 40, and 50 weeks of age

(WOA). Both plasma cholesterol and total protein levels were influenced

by dietary treatment, and genetic strain of the breeder males at the

various ages. Significant negative correlations (P<.01) between plasma

cholesterol measured at 32, 40, and 50 WOA and testicular weight at 56

WOA were observed for one strain of males fed the daily restricted 16%

CP-2871 ME diet.
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INTRODUCTION

Blood chemistries can be used to monitor the physiological effects in

nutritional studies. To accurately evaluate the effects of different feeding

programs, reference levels must be established among different breeds and

species (Jimenez, 1982). Ross gi al (1978) provided limited reference

values for physiological data for the chicken. In addition, blood chemistries

have been routinely used to diagnose pathogenic condition and metabolic

disturbances (Stoskopf al 1983).

Buckner et kiL (1986) established that the plasma cholesterol and

total protein values can be used to monitor the effect of feed restriction on

caged broiler breeder males, because of their relationships with protein

and energy metabolism and the simplicity of the analytical procedures.

Because of limited studies specific to the reference levels of physiological

chemistries for broiler breeder males, it was necessary to establish

reference levels at various ages for different nutritional regimens and

genetic strains of males. Consequently, the objectives of this study were to

establish the reference values for plasma cholesterol and total protein at

32, 40, and 50 weeks of age; to determine if strains within dietary

treatment influenced plasma cholesterol and total protein levels at various

ages; and to determine the relationships between plasma cholesterol, total

protein, and the reproductive traits, and body weight gain of caged broiler

breeder males at the different ages.
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MATERIALS AND METHODS

Sixty-four caged broiler breeder males (BBM) from each of four

commercial strains, designated as A, B, C, and D, were managed and fed as

described by Rakphongphairoj (1987). The BBM diets consisted of the ad

libitum feeding of isonitrogenous 7% crude protein (CP) diets with three

levels of metabolizable (M) energy (E); 2868, 2424, and 1985 kilocalories

(kcal) ME/kilogram (kg) of feed, and a daily restricted 16% CP diet with

2871 kcal ME/kg.

Blood samples were collected at 32, 40, and 50 weeks of age (WOA)

from all 256 BBM, representing the four dietary treatments and four

genetic strains. The blood samples were collected between 1300 to 1400

hours. Approximately 4 milliliters of whole blood were drawn from the

cutaneous ulnar vein of each male using heparinized vacutainers. The

blood was centrifuged at 850X g for 30 min. Plasma was separated and

stored at -15°C until analysis. Blood plasma components were analyzed

using commercial reagent kits:1 cholesterol (autoflow), and total protein

(Biuret).

The data were analyzed by analysis of variance for a split-plot design

in which dietary treatment and genetic strain were the main plot effects,

and age was the subplot effect. Significant differences in the mean values

among dietary treatments, genetic strain, and within each age period were

1 Boehringer Mannheim Diagnostics, Indianapolis, IN.
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determined by Tukey's Studentized range test (Steel and Torrie, 1980).

Pearson's correlation coefficients were calculated to determine significant

relationships among the blood chemistries, body weight gain, and

reproductive traits.
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RESULTS AND DISCUSSION

The effects on plasma cholesterol and total protein at various ages of

strains receiving the four diets are summarized in Table VA. There were

no differences in plasma cholesterol among strains fed the daily restricted

16% CP diet at 32 weeks of age (WOA). Significant (P<.05) strain responses

for plasma cholesterol were observed for the restricted 16% CP diet at 40

and 50 WOA and for the ate, libitum 7% CP-2424 ME diet at the three ages.

Within the ast libitum 7% CP-2868 ME diet, strain B, C, and D males

consistently had the greater (P<.05) plasma cholesterol than strain A males

over the three ages. Plasma cholesterol of strain D males fed the 7%

CP-1985 ME diet were also higher (P<.05) than the other three strains

measured at 32, 40, and 50 WOA. Similarly, Griminger (1976) and and

Rivetz gt al. (1977) have concluded that among other factors, avian plasma

cholesterol levels are affected by heredity and nutrition.

Plasma total protein levels were also evaluated in this study. Feeding

various strains of BBM the restricted 16% CP diet had no effects on the

plasma total protein levels over the three ages. Buckner et aL (1986)

reported that the restricted feeding of caged broiler breeder males

produced no effect on plasma total protein levels. Different strain

responses (P<.05) for plasma total protein were noted for males fed the 7%

CP-2868 diet in two of the three ages (40 and 50 WOA), whereas

significant (P<.05) differences among the four strains of BBM fed the 7%

CP-1985 ME diet were observed only at 32 WOA. For males fed the 7%

CP-2424 diet, strains C and D had a significantly higher plasma total
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protein levels than strain B males at 32 WOA, while strain C males

consistently had greater (P<.05) plasma total protein than the strain A at

40 and 50 WOA. Leveille and Sauberlich (1961) and Cohen-Parsons et al.

(1983) reported the total protein values can be used to monitor the dietary

protein utilization in the metabolic process. The results of this study

established reference values for plasma cholesterol and total protein levels

for four strains of BBM fed different diets across the ages, and there were

strain responses for these two plasma chemistries to dietary treatments.

Correlation coefficients of mean plasma cholesterol, total protein,

reproductive traits, and body weight gain are presented in Tables V.2 and

V.3. Of the 432 coefficients calculated, only 27 were statistically significant

(P<.05). Negative correlation coefficients of plasma cholesterol level and

testicular weight were consistently observed across the four strains of

males fed the 7% CP-2424 ME diet at various ages. Plasma cholesterol

measured at 32, 40, and 50 WOA was negatively correlated (P<.01) with

testicular weight at 56 WOA for strain C males fed the daily restricted 16%

CP-2871 ME diet. Similar observations were also reported by Buckner et

AL (1986) in broiler breeder males. Therefore, the correlation of plasma

cholesterol and testicular weight may have a possible application to the

prediction of the seminal production in broiler breeder males.

According to the conditions of this study, plasma cholesterol and total

protein levels were influenced by various strains within diets at different

ages. A consistent pattern of plasma cholesterol levels was observed

among the four strains of males fed the .ad libitum 7% CP diets with 2868

and 1985 ME measured at 32, 40, and 50 WOA. No differences (P>.05)
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among various strains of BBM fed the restricted 16% CP diet were found for

plasma total protein levels in different ages, however, significant (P<.05)

strain responses were noted for males fed the three gst libitum 7% CP diets.

Significant (P<.01) negative correlations between plasma cholesterol and

testicular weight were also observed for strain C males fed the restricted

16% CP-2871 ME diet at 32, 40, and 50 WOA. Consequently, plasma

cholesterol and total protein may be used to monitor the nutritional status

of these four strains of BBM; however, additional research is needed before

blood chemistries can be used with confidence as monitors in the industry.
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Table V.I. The effect of strains' within diet on mean plasma cholesterol
and total protein at 32, 40, and 50 weeks of age

Diets

16XCP 7SCP 7XCP 7%CP
2871ME 2868ME 2424ME 1985ME

WOA A B C D SE2 AB C D SE2 AB C D SE2 ABC D SE2

Plum, cholesterol (mg/di)

32 79a 8211 81a 89a 1, 88b 103a 102 107a 11 83b 89ab 99a 100a 12 85b 98b 93b 116a 19
40 99b 1080 105b 118a 10 106b 122a 126a 127a 6 101b 117a 122a 116a 11 112b 120b 116b 136a 1550 103b 113ab 1nab 110 9 102b 116a 120a 122a 8 107b 120ab 123a 120ab 9 117b 123b 119b 135a 12

Total protein (g/d1)

32 3.7a 3.5a 3.6a 3.611 .3 3.5a 3.6.,a 3.611 3.8a .3
40 4.1a 4.1a 4.0' 4.3a .4 3.1 -1) 4.0" 4.3a 4.311 .4
50 4.2a 4.1a 4.1a 4.2a .3 3.8b 4.1ab 4.3a 4.2° .3

3.3ab 3.2b 3.6a 3.6a .2
3.5c 3.7I 4.1° .4
4.0b 4.1° 4.6a 4.4ab .2

3.6b 3.5b 3.6b 4.1a .3
4.0a 4.1a 4.1a 4.3a .4
4Aa 4.4a 4.6a 4.5a .3

a.b,oValues within the same diet having different superscripts are
significantly different (P<.05)

!Commercial strains of broiler breeder males identified as A, B, C, D.
2Standard error of the means.
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Table V.2. Correlation coefficient of mean plasma cholesterol (PC), total
protein (TP), packed sperm cell volume (PSCV), seminal volume (SV), body
weight gain (BWG)1, and testicular weight (TW)

16XCP-2871ME 7SCP-2868ME

WOA A

32 -.17
40 -.38
50 -.63"

32 .se
40 .17
50 .08

32 .44
40 .08
50 -.02

32 .10
40 -.01
50 .02

32 -.09
40 .27
50 .32

7SCP-2424ME 7SCP-1985ME

BCD ABC D A B CD A B C

PC and TP
-.09 .50 .37 .01 -.28 -.12 -.10 -.09 .08 .30 -.04 -.10 .09 -.11 -.53*
-.15 -.10 .13 -.12 -.59 .05 -.62* -.25 .14 -.02 .14 .06 -.16 .30 -.6e
-.11 -.28 .09 -.40 -.6e .13 -.52 -.24 .49 -.14 -.11 .16 -.42 .26 -.45

PC and PSCV
.11 .25 -.31 .04 .53* .14 -.10 -.12 -.09 .28 -.63* -.60* .6e -.45 .48
.04 .21 .14 -.43 .50 .01 -.28 -.33 -.25 .33 -.39 -.23 .22 -.08 .24
.20 .22 .34 .25 -.43 .01 -.37 -.14 -.24 -.09 .05 -.02 .47 -.14 -.65*

PC and SV
-.32 -.04 -.39 .40 -.02 -.02 -.29 -.02 -.20 -.10 -.84** -.43 .15 .02 .05.48 -.19 -.19 .14 -.03 .11 -.21 .11 -.09 .12 -.21 -.05 .05 -.29 .34-.35 -.27 .08 -.14 .26 .13 -.19 .02 .10 -.15 -.16 .49 -.07 -.41 -.20

PC and BWG
-.15
-.01
-.44

.04
.14
.08

.40
-.37
.15

.39

.07

.14

-.41
.01

.05

-.36
.09
.07

-.46
.17

-.04

.21

.01

.06

.10

-.26
.10

.65*

.63*
-.10

.34

.27
-.32

.08
-.13
.01

.35

-.55
.05

-.05
.08

-.16

-.26
-.17
-.39

PC and TW(56W0A)
-.26 -.72" .20 -.32 -.31 -.25 -.46 -.13 -.32 -.34 -.02 .13 -.02 .12 -.20-.28 -.79** .13 -.18 -.41 .27 -.30 -.18 -.44 -.18 -.02 .25 .02 .38 -.29
-.31 -.69" .23 -.10 -.29 .26 -.11 -.26 -.36 -.14 -.01 .25 -.01 .42 -.23

P<.05
P<.01

1Mean body weight gain was measured from 22 to 32, 22 to 40, and 41 to
50 WOA.
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Table V.3. Correlation coefficient of mean plasma total protein (TP), packed
sperm cell volume (PSCV), seminal volume (SV), body weight
gain (BWG)1, and testicular weight (TW)

WOA

16SCP-2871ME 7SCP-2868ME 7SCP-2424ME 7SCP-1985ME

A B CD A B C D AB C D A B C

TP and PSCV
32 -.09 .06 .50 .16 .70" -.26 .04 .21 .56* -.16 .10 .04 .18 -.04 .03 -.35
40 .09 -.09 .29 .37 -.26 -.24 .07 -.14 .35 .16 .02 -.12 .34 .39 .07 -.28
50 -.07 -.21 .28 .18 -.18 .37 .02 .32 -.15 -.80" .13 -.11 -.14 -.54 -.29 .20

TP and SV
32 -.47 -.13 .39 -.07 .64' .22 .30 -.16 -.48 .37 -.36 .03 -.01 -.45 .08 -.02
40 -.37 .18 .19 .19 -.05 .06 .40 .06 -.Se .17 -.12 .04 -.22 .05 -.31 -.28
50 .26 .63' -.51 .20 .30 .19 .35 .32 -.18 -.27 .13 .23 .09 -.38 .04 -.16

TP and BWG
32 -.03 -.45 .42 -.01 .42 .14 .27 -.40 .12 .35 -.15 -.60' .06 .18 -.08 .22
40 .13 -.21 -.02 -.26 .04 -.04 .13 .34 .26 .06 -.05 .39 -.05 .48 .28 -.49
50 .01 .66' -.34 .49 .28 -.37 .01 .67' .53 -.07 .36 .32 -.10 -.47 .40 -.40

TP and TW (56W0A)
32 .33 .01 -.11 .31 .25 .10 -.18 .33 -.20 .07 .07 .04 .25 -.16 .18 .14
40 -.12 -.12 .05 .04 .24 .35 -.27 .29 -.23 -.03 .16 .19 -.18 -.30 .01 .60'
50 -.28 .05 -.03 .19 .12 .38 -.16 .29 -.13 -.18 .15 .11 -.05 .05 .04 .48

P<.05

P<.01

'Mean body weight gain was measured from 22 to 32, 22 to 40, and 41
to 50 WOA.
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ABSTRACT

The reproductive performance of Peterson broiler breeder males

(BBM) was studied from 22 to 56 weeks of age (WOA). One hundred and

twenty males were equally divided and assigned to either individual cages

or litter floor pens. The males housed in cages and floor pens were fed

either corn-soybean (CS) diets consisting of a daily restricted 16% crude

protein (CP) diet with 2850 kcal metabolizable (M) energy (E)/kg or an ad

libitum 7% CP diet with 2415 kcal ME/kg, or corn-yellow pea (CYP) diets of

16% CP with 2859 kcal ME/kg or an ad libitum 7% CP diet with 2404 kcal

ME/kg. Fifteen BBM were randomly assigned to each of the 8 diet by

housing treatments. Seminal volume (SV), packed sperm cell volume

(PSCV), and body weight were measured biweekly. Four fertility trials

were conducted between 32 to 53 WOA.

Significantly lower SV and PSCV were observed for caged BBM fed

the 7% CP CYP and 16% CP CYP diets, respectively, when compared to their

respective CS diets. When compared between the CS and CYP within the 7%

and 16% CP diet, seminal production and PSCV of floor housed males were

not different. Fertilizing capacity and hatchability were not affected by

feeding BBM either CS or CYP diets with the exception of the hatchability of

floor housed males. The CYP diets did not influence testicular weight when

compared to males fed the respective CS diets in the cages, but there were

differences between males fed one of the CS and CYP diets and housed on

the floor. Feeding BBM, various CS and CYP diets, also influenced the

number of males producing semen.
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Under the conditions of this experiment, feeding BBM diets containing

yellow pea (Pisum sativum L. variety Miranda) and the Ad libitum 7% CP

did not have detrimental effects on seminal production and fertilizing

capacity. However, significantly greater number of caged males fed the CS

diets were producing semen than their counterparts fed CYP diets, opposite

results were observed for males housed on the floor. The results of this

study further indicate that BBM in individual cages were better seminal

producers than males kept in all-male floor pens.
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INTRODUCTION

The housing environment of the broiler breeder male (BBM) can

influence seminal production. Siegel and Beane (1963) and Renden and .

Pierson (1982) reported that breeder males kept in cages consistently

produced larger volumes of semen ejaculate than males maintained in

all-male floor pens. The reduced seminal production of floor-kept males

could be result of by the male's physical interaction, and stress caused by

catching and handling during the seminal collection process (Renden and

Pierson, 1982).

Aside from the effects of housing on the males' reproductive

performance, the cost of feed is also a concern in the management of

breeder males. One approach to reduce feed cost is the utilization of

alternative protein feeds when the cost of dietary incorporation is less than

that of corn and soybean. However, the alternative protein feeds must

have a nutritional profile compatible to the bird's requirement (Savage tt

oL 1986).

Other approaches to reduce the feed cost of BBM yet maintaining

quality seminal production are restricting the daily feed intake of high

protein diets and the agt libitum feeding of low protein diets. For BBM

maintained in litter covered floor pens, Brown and McCartney (1983)

reported that optimal seminal production was obtained by feeding

restricted CP intakes of 22 g and 390 kcal ME/male/day. Brown and

McCartney (1986) restricted the feed intake of individually caged BBM and

calculated that a daily metabolizable energy (ME) intake of 346 kilocalories
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(kcal) and 19.7 grams (g) crude protein (CP) per male was adequate for

seminal production and body weight maintenance. In another study,

Buckner and Savage (1986) indicated that seminal production of caged

BBM could be maintained on a daily CP intake of 10.9 g and 495 kcal of ME

when fed al libitum. When comparing the Acj. libitum feeding of low

protein diets and restricted feeding of high protein diets, the advantage of

the k libitum feeding would be the reduction of labor costs associated

with daily feed restriction programs, while regulating body weight gain

and maintaining reproductive performance.

A new yellow pea (Pisum sativum L.) variety, Miranda has been

introduced in the Pacific Northwest as a possible protein feed for poultry

(Savage et it, 1986). However, there is no literature reporting the effects

of feeding yellow peas on the reproductive performance of BBM. This

study was performed to compare the effects on seminal production, and

fertilizing capacity of broiler breeder males maintained in cages and on the

floor when fed ad libitum 7% CP diets and the daily restricted 16% CP diets

containing corn-soybean or corn-yellow peas.
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MATERIALS AND METHODS

Peterson broiler breeder males were raised on wood shaving litter

floor from day old to 20 weeks of age (WOA) according the breeder's

recommendations using a 8 Light (L):16 Dark (D) lighting regimen. At 20

weeks of age, 120 males were randomly assigned to individual cages and

litter floor pens. Sixty males were placed in individual cages (30.5cm x

45.7cm x 45.7cm) within a windowless positive pressure-ventilated house.

Eight 15 minute watering periods at two hour intervals were provided

during the light period (0400 to 1800 hours daily). The other 60 males

were equally divided among four wood shaving litter-floor pens (3.0m x

1.5m) and water was provided continuously. The lighting regimen was

increased to 14L:10D at 20 WOA and maintained throughout the study. All

the males were allowed to adapt to their environments from 20 to 22 WOA.

At 22 WOA, the males housed in cages and floor pens were fed

corn-soybean (CS) diets consisting of a daily restricted 16% CP diet with

2850 kcal/kg ME, an 44 libitum 7% CP diet with 2415 kcal/kg ME, or

corn-yellow pea (CYP) diets of 16% CP diet with 2859 kcal/kg ME, and an

id. libitum 7% CP diet with 2404 kcal/kg ME. Fifteen BBM were randomly

assigned to each of the 8 diet-housing combinations. The composition of

the four BBM diets are described in Table VI.1. The dietary protein and

energy levels of the four diets were attained by the addition of a #70 grade

sand. The amount of the 16% CP diets fed corresponded to 80% of the

breeder's daily feeding recommendation.

When the dietary treatments were begun at 22 WOA, individual body
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weights were measured. Then, from 24 through 56 WOA, individual body

weights, seminal volume, and packed sperm cell volume were measured

biweekly. Each male was ejaculated by the same person weekly to

maintain seminal production throughout the experiment. Ejaculates were

collected in plastic cups, and the volumes measured to the nearest .01 ml.

Packed sperm cell volumes were measured following centrifugation of

filled microcapillary tubes. Monthly feed consumption data were recorded

for each diet.

The fertilizing capacity of seminal ejaculates were evaluated at 32,

41, 49, 53 WOA by artificially inseminating 15 individually caged Peterson

broiler breeder hens per male diet each with .08 ml of undiluted semen.

The seminal samples were pooled from all BBM of the same diet before

insemination. Eggs were collected daily for 9 consecutive days starting on

the second day following a single insemination. The eggs were incubated,

candled after the tenth day of incubation, and the contents of eggs lacking

embryonic development were macroscopically examined to determine true

fertility. Hatchability of fertile eggs was calculated on a dietary treatment

basis for each hatch. At 56 WOA, the study was concluded and the testes

were removed from all the males and their weights recorded. Testicular

weights were expressed in grams per 100 grams of body weight.

The data was analyzed by analysis of variance for a split-plot design

in which housing environment (cage or floor pen), feed ingredients

(corn-soybean or corn-yellow pea), and diets (16% or 7% CP) were the main

plot effects, and age was the subplot effect. Significant differences among

the treatment means were determined by Tukey's Studentized range test
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(Steel and Torrie, 1980). Percentages were transformed to arcsin before

statistical analysis. Pearson's correlation coefficients were calculated to

determine significant relationships among reproductive traits and body

weight gain.
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RESULTS AND DISCUSSION

The mean daily feed, crude protein, and metabolizable energy

intakes, body weight gains, and mortality from 22 to 56 WOA of BBM in

cages and floor pens, fed the 16% CP daily restricted diets and the as.

libitum 7% CP diets, are presented in Table VI.2. Males fed the id libitum

7% CP diets containing the CS and CYP consumed more (P<.05) feed than the

restricted 16% CP diets. Mean daily feed consumption and CP intake of

males fed the El. libitum 7% CP diets on the floor pens were greater (P<.05)

than those in the cages. The CP intake of the caged BBM fed ALI libitum 7%

CP diets containing CS or CYP were lower (P<.05) than the males fed

restricted 16% CP diets, while there were no differences in daily CP intakes

between the 16% and 7% CP diets maintained on the floor pens. The daily

ME intakes of the caged or floor-housed males fed 7% CP diets containing

either CS or CYP were greater (P<.05) than those males fed the 16% CP

diets, eventhough the dietary energy levels of the 7% CP diets (2415, 2404

kcal ME/kg) were lower than the 16% CP diets (2850, 2859 kcal ME/kg).

This difference in energy consumption was attributed to males fed the ad

libitum 7% CP diets consuming almost 1.5 times the amount of feed when

compared to males fed the restricted 16% CP diets. Males in the floor pens

fed the 7% CP diets (CS and CYP) had consistently higher daily ME intakes

than those males in the cages.

The daily CP and ME intake of the males fed restricted 16% CP diets

(19.1 g CP/male, 340 kcal ME/male) were comparable to those

recommended by Brown and McCartney (1986) for caged BBM (19.7 g
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CP/male, 346 kcal ME/male). Based on the results of this study and others

(McCartney and Brown, 1980; Brown and McCartney, 1983, 1986; Buckner

1986; Buckner and Savage, 1986), the dietary CP and ME levels of the

a_d. libitum fed males can be reduced further to facilitate the lower daily CP

and ME intakes, since the males fed the Ad libitum 7% CP diets had the

capacity to consume 280 grams of feed per day.

Mean body weight gains (22 to 56 WOA) of males fed the libitum

7% CP diets containing either CS or CYP were greater (P<.05) than those on

the restricted 16% CP diets regardless of housing. Males, in the floor pen

and fed the 7% CP CYP diet as libitum. had greater (P<.05) body weight

gains than their counterparts in the cages. The percent mortality of caged

BBM ranged from 6.7% to 13.3%; however, males maintained on the floor

pens had mortality rates that ranged from 33.3% to 60%. In the CYP 7% CP

diet, 33% of the mortality was the results of a Staphylococcus infection and

cannibalism by the pen mates. The mortality of the floor-kept males in

this study was higher than those values reported by Renden and Pierson

(1982), this appears to be the results of high physical interaction among

BBM of this strain (personal observations, VJR).

The influence of diets and housing on mean seminal production

characteristics are summarized in Table V1.3. When diets containing CS

and CYP were compared within cages and floor, there were no differences

in mean seminal volumes between the 16% and 7% CP diets; however,

caged males fed the 7% CP CS diet produced more semen than those males

fed the 7% CP CYP diet. Except for the CYP 7% CP diet, the males in cages

produced larger (P<.05) seminal volumes than males in the floor pens.
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There were no differences in packed sperm cell volume between caged

BBM fed the 16% and 7% CP diets within CS and CYP diets, although the

caged males fed the CS 16% CP diet had significantly higher packed sperm

cell volume than those males on the CYP 16% CP diet. In contrast, the

males in the floor pens fed the 16% CP CS and CYP diets had lower (P<.05)

packed sperm cell volume than the 7% CP diets. The caged males had

consistently greater (P<.05) packed sperm cell volume than males in the

floor pens. The results of this study confirm the findings of Siegel and

Bean (1963) and Renden and Pierson (1982) that seminal production is

greater for BBM in individual cages than males in all male floor pens.

Renden and Pierson (1982) further reported that reduced seminal

production by floor-penned males was probably caused by mounting,

fighting, and stress caused by handling and catching. These factors were

also evident during this study.

When the various diets were compared within cages and floor, there

was no difference in fertility. A significant (P<.05) reduction in fertility

was observed for floor housed males fed the 7% CP CS diet when compared

to their counterparts in cages. Brown and McCartney (1983) reported that

no significant effects on fertility and hatchability of BBM on the floor when

fed the daily restricted CP intakes ranging from 14.5 to 30.1 g and 253 to

527 kcal of ME. The hatchability of fertile eggs was not affected by feeding

the caged males the various diets. However, a reduced hatchability was

observed for males on the floor fed the 16% CP CS diet when compared to

the 7% CP CS diet. Except for males fed the 16% CP CS diet, no significant

differences between the caged and floored BBM were noted in hatchability.
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These observed differences in fertility and hatchability differ from the

report of Renden and Pierson (1982) that fertility and hatchability were

not influenced by housing environment.

When comparing dietary protein levels composed of CS and CYP,

testicular weights were heavier (P<.05) for males fed the 7% than the 16%

CP diet irrespective of the housing environment. Testicular weights of

males housed on the floor and fed the 7% CP CYP diet were heavier than

those fed the 7% CS diet. In addition, the testicular weight of caged males

were heavier than males on the floor pens except those fed the CYP 7% CP

diet. This pattern of increased testicular weight of caged versus floor

males, except those fed the CYP diet, is also seen in the number of males in

seminal production. There was no difference in the incidence of males

producing semen when fed these two CS diets in either cages or floor pen.

However, when comparing cages and the floor pen within the CS diets,

significantly more caged males were producing semen over the 22 to 56

WOA period. In contrast, caged males fed the 7% CP CYP diet had more

producers than the 16%. There was no difference observed between cages

and floor for males fed CYP diets. A greater variation was also noted in

fertility, hatchability, and number of males producing semen for the floor

males. These results suggest that there may be a difference in amino acid

requirements for males in cages compared to the floor.

No significant correlations were determined among mean 22 to 56

weeks seminal volume, packed sperm cell volume, body weight gains, and

testicular weight at 56 week by dietary treatments and housing

environment.
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Under the conditions of this study, feeding BBM diets containing

yellow peas (Pisum sativum L. variety Miranda) and the j libitum 7% CP

diets did not have any detrimental effects on seminal production, fertilizing

capacity, and the subsequent hatchability of fertile eggs. Males fed the AA

libitum 7% CP diets, however, consumed almost 1.5 times the amount of

feed when compared to the daily restricted 16% CP diets. Significantly

higher seminal volume and packed sperm cell volume were observed for

caged BBM fed the CS 7% CP and 16% CP diets, respectively, when

compared to their counterparts fed the CYP diets. Furthermore, there were

differences in the numbers of males producing semen when compared

between the CS and CYP diets. The results of this study further support the

findings by Siegel and Beane (1963) and Renden and Pierson (1982) that

BBM kept in individual cages are much better seminal producers than BBM

kept in all-male floor pens.



Table VI.1. Composition of broiler breeder male diets

Corn-soy (CS) Corn-yellow pea (CYP)

16%CP
Ingredients 2850ME

7%CP
2415ME

16%CP
2859ME

7SCP
2404ME

Corn,yellow
Pea,yellow
(var: Miranda)

Soybean meal
47.5% CP

Alfalfa meal
dehy, 17% CP

Silicate sand,

67.88

_
19.2

5

69

_
1.5

1

(R)
33

61

-
1

45

14

-
1

*70 grade 5.05 25.06 1.78 30.13
Animal fat _ _ - 6.5
Defluorinated phosphate,

32% Ca:18% P 1.65 1.95 1.7 2
Limestone flour .35 .45 .55 .4
Salt, iodized .25 .25 25 .25
Vitamin premix' .4 .4 .4 .4
Trace Mineral mix2 .07 .07 .07 .07
1-Lysine (50%) .1 .3 - .2

d, 1-Methionine (98 %) .05 .02 .25 .05

Calculated analysis
Crude protein, % 16 7 16 7
Metabolizable energy,
kcal/kg 2850 2415 2859 2404

Calcium, % .82 .84 .82 .84
Available
phosphorous, % .41 .42 .42 .42

d,l-Methionine, % .32 .16 .36 .14
Methionine &
Cystine, % .59 .29 59 .27

Lysine, % .82 .34 .74 .35

132

1Provided per kg of diet: Vitamin A, 6600 IU; vitamin 1)1, 2200 ICU;
riboflavin, 6.6 mg; d-pantothenic acid, 11.0 mg; niacin, 4'4.0 mg;
choline, 381.9 mg; vitamin B12, 11.0 mcg; vitamin E, 2.2 IU; vitamin K,
1.1 mg; folic acid, .44 mg, ethoxyquin, .12 g.

2Provided per kg of diet: Ca, 136.5 mg; Mn, 84 mg; Fe, 28 mg; Cu, 2.8
mg; I, 1.68 mg; Zn, 38.5 mg; Co, .28 mg.
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TABLE VI.2. The influence of dietary treatment and housing on mean daily
feed, protein, and metabolizable energy intakes, body weight
gain, and mortality from 22 to 56 WOA

Corn-soy (CS) Corn-yellow pea (CYP)

16SCP 7SCP 16SCP 7sCP
2850ME 2415ME 2859ME 2404ME SERI

Feed (g/male/day)
Cage 119,bx 237aY ligbz 221aY 25
Floor 119°x 276ax lobz 280ax 22

Ski 3 21 3 24

Crude protein (g/male/day)
Cage 19.1ax 16.6bY ig.iax 15.6bY 1.8
Floor 19.1ax 19.3ax I.:max 19.7ax 1.6

SEcl .5 1.5 .5 1.7
Metabolizable energy (kcal/male/day)

Cage 340cx 572aY 343E1 530bY 59
Floor 340bx 666ax 343bz 667ax 53

SEc1 9 52 9 59
Initial body weight at 22W0A (kg/male)

Cage 2.6ax 2.7az 2.7ax 2.7ax .2
Floor 2.6ax 2.7ax 2.6ax 2.6ax .2

SEcl .2 .1 .1 .1

Body weight gain 22 to 56W0A (kg/male)
Cage 1.913,x 2.8 ax 1.3bz 3.0aY .4
Floor 1.6°I 3.1ax 1.4bx 3.6ax .3

Ski .2 .3

Mortality (%)
.2 .3

Cage 13.3(13/11)2 6.7(14/15..)2 6.7(14/15)2, 13.3(13/15)2
Floor 40.0(9/15)4 40.0(9/15)4 33.3(10/15)4 60.0(6/15)4

a.bicValues in the same row and x.Yvalues in the same column having
different lettered superscripts are significantly different (P<.05).

'Standard error of the means, It-rows, C =columns.
2( )=Number of males living at 56 WOA/number of males at 22 WOA.
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Table VI.3. Effects of dietary treatment and housing on mean seminal
volume, packed sperm cell volume, fertility, hatchability, total
testicular weight, and percentage of males producing semen

Corn-soy (CS) Corn-yellow pea (CYP)

16XCP 7XCP 16XCP 7XCP
2850ME 2415ME 2859ME 2404ME SERI

Seminal volume (ml)

Cage .44abx .45ax .38abx .35bx .07
Floor .25aY .27aY .27aY .29ax .06

Ski .05 .04 .04 .05
Packed sperm cell volume (s)

Cage 14.0,a1 13.4abx 13.0bx 13.7abx
Floor 11.2°Y 12.7aY 11.6bY 12.7aY

Ski .8 .8 1.0 1.2

Fertility (%)

Cage 95.7ax 96.7ax
Floor 90.7ax 79.5aY

Ski 1.8 8.8

Cage 79.7,ax
Floor 65.6°Y

95.2ax 93.7ax
91.3ax 86.2ax

4.8 3.0
Hatchability of fertile eggs (%)

86.4ax 88.0aF.
83.2ax 79.3aux

84.7a,x
79.6aux

1.3
1.6

3.5
10.0

6.3
10.7

Ski 5.4 9.4 4.0 4.6
Total testicular weight (g/100g)

Cage .39bi .69ax .40bx .63ax .01
Floor .21°1 .58by .27cY .69ax .01

SF,cl .01 .01 .01 .01

Males producing semen (X)

Cage 86.6,abx 97.7ax 65.5a 78.5bx 5.0
Floor 57.3°Y 62.8abY 70.4ax 70.9ax 8.7

Ski 4.8 4.8 4.3 5.9

"'cValues in the same row and x, Yvalues in the same column having
different lettered superscripts are significantly different (P<.05).

1Standard error of the means, R-rows,C-columns.
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CHAPTER VII

SUMMARY AND CONCLUSION

Experiments were conducted to determine the effects of feeding k

libitum 7% crude protein diets with varying energy levels on the

reproductive performance and fertilizing capacity of broiler breeder males.

Within the parameters and conditions of these studies, the following

conclusions were summarized from the results of these studies.

1. Feeding klibitum 7% Crude Protein Diets to Four Strains of Caged

Broiler Breeder Males

A total of 256 caged broiler breeder males (BBM) from four

commercial strains was fed 7% crude protein (CP) diets with 1985, 2424,

2868 kcal metabolizable (M) energy (E) per kg of feed, and a 16% CP diet

with 2871 kcal ME/kg from 22 to 56 weeks of age (WOA). The 7% CP diets

were fed Agj libitum whereas the 16% CP diet was restricted daily. The

diets consisting primarily of triticale (var:Flora) were fed from 22 to 40

WOA and corn-soy diets from 41 to 56 WOA. The results of this study

concluded that caged BBM can be maintained on the 4 libitum 7% CP with

1985 kcal ME/kg diet containing triticale or corn-soy (average 15.5 g CP

and 439 kcal ME/male/day), without adverse effects on fertilizing capacity

of semen and reproductive performance. However, managing BBM for

optimal seminal production should take into consideration the genotype of

the BBM.
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2. Effects of Paternal 7% Crude Protein Diets on Broiler Progeny

Performance

The performance of broiler progeny from four strains of caged

breeder males, maintained on a 16% and various 7% crude protein dietary

programs with varying levels of metabolizable energy, were determined in

four grow-out trials. All broiler progenies were fed identical starter and

finisher diets to 7 weeks of age. Significant genotype by trial interaction

were observed in progeny body weight. Although the diets of the BBM did

not influence progeny body weights, the paternal diet and genotype did

influence (P<.05) abdominal fat weights.

3. The Effect of 7% Crude Protein Diets on Plasma Cholesterol and Total

Protein of Caged Broiler Breeder Males

Plasma cholesterol and total protein levels from four strains of caged

broiler breeder males (BBM), maintained on the restricted 16% crude

protein (CP) diet and the various Agl. libitum 7% CP diets, were determined

at 32, 40, 50 weeks of age (WOA). Both plasma cholesterol and total

protein were influenced by the BBM's genotype and the dietary treatments

fed at the different ages. A consistent pattern was found in the plasma

cholesterol levels for strains of males fed the 7% CP-2868 ME diet and the

7% CP-1985 ME diet in the three ages. There were no differences for

plasma total protein levels among the four strains of males fed the

restricted 16% CP diet, however, significant (P<.05) strain responses for

plasma total protein were noted for the 7% CP-2424 ME diet at 32, 40, and

50 WOA. A significant negative correlation between plasma cholesterol
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levels at various ages and testicular weight at 56 WOA were observed for

strain C males fed the restricted 16% CP-2871 ME diet.

4. Effects of Cage and Floor Housing on the Reproductive Performance of

Broiler Breeder Males Fed 16% and 7% Crude Protein Diets Containing

Corn-Soybean or Corn-Yellow Pea

The reproductive performance of Peterson broiler breeder males

(BBM) was studied from 22 to 56 weeks of age (WOA). One hundred and

twenty males were equally divided and assigned to individual cages and

litter floor pens. The males housed in cages and floor pens were fed either

corn-soybean (CS) or corn-yellow pea (CYP) diet. The ICS diets consisted of

a daily restricted 16% crude protein (CP) with 2850 kcal metabolizable (M)

energy (E)/kg diet and an Ad libitum 7% CP with 2415 kcal ME/kg diet,

similarly, the CYP diets consisted of a daily restricted16% CP-2859 ME diet

and an ad libitum 7% CP-2424 ME diet. Seminal volume (SV), packed

sperm cell volume (PSCV), body weight were measured biweekly, and total

testicular weight was record at 56 WOA. Four fertility trials were

conducted between 32 to 53 WOA.

Although SV and PSCV were not affected by feeding floor housed

males the CS and CYP diets when compared within their respective 16%

and 7% CP diets, there were significant decreased in SV and PSCV for caged

males fed one of the CYP diets. Spermatozoa! fertilizing capacity and

subsequent hatchability were not affected by feeding BBM either CS or CYP

diets. The CS and CYP diets did not influence testicular weight when

compared within their respective 16% and 7% CP diets, however, the floor
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housed males fed the 7% CP CYP diet had heavier (P<.05) testicular weights

when compared to their counterparts. Furthermore, feeding BBM CS and

CYP diets also influenced the number of males producing semen.

It was concluded that the corn-yellow pea (Pisum sativum L, variety

Miranda) and the ad libitum 7% CP diets can be fed to broiler breeder

males without any detrimental effects on seminal production, fertilizing

capacity of the spermatozoa, and the subsequent hatchability of fertile

eggs. However, there were differences in the percentages of males

producing semen between the CS and CYP diets. The results of this study

further demonstrated that broiler breeder males in individual cages were

better seminal producers than males kept in the all-male floor pens.
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DESCRIPTION OF APPENDIX ABBREVIATIONS

A, B, C, D Tatum, Hubbard, Arbor Acre, and Peterson strains of
broiler breeder males, respectively.

AF Abdominal fat.

BWG Body weight gain.

CP Crude protein.

CS Corn-soybean.

CYP Corn-yellow pea.

JUL/AUG, NOV/DEC, July/August, November/December,
DEC/JAN, FEB/MAR December/January, February/March, respectively.

M, F Male, female.

ME

PSCV

SE

SV

TW

WOA

Metabolizable energy.

Packed sperm cell volume.

Standard error of the mean.

Seminal volume.

Testicular weight.

Weeks of age.
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APPENDIX 1

REPRODUCTIVE PERFORMANCE OF FOUR STRAINS OF INDIVIDUALLY CAGED

BROILER BREEDER MALES FED 16% AND 7% CRUDE PROTEIN DIETS WITH

VARYING LEVELS OF METABOLIZABLE ENERGY

The following data listed in appendix 1 may provide more

background information about the study. The dietary and strain effects on

reproductive traits and abdominal fat are shown by diet and strain in

Table A1.1. Pearson's correlation coefficients of various reproductive

traits, body weight gain, and abdominal fat are contained in Tables

A1.2-1.4.
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Table A1.1. Diet and strain effects on mean seminal volume, packed sperm cell
volume, fertility, hatchability, testicular weight, and abdominal fat as
shown by diet and by strain

Period'
(WOA)

C D SE2
16%

2871

Diets

7% 7%
2868 2424

Strains-
7%

1985 SE2 A B

Seminal volume (m1)

22-40 .29 .24 .25 .28 .02 29a .311 .261b .20b .02

41-50 .35 .35 .36 .36 .02 .38a. .36ab 37a .30b .01

Packed sperm cell volume (% )

22-40 16.2a 13/b 13.8b 15.1ab .6 13.8 14.7 14.5 15.9 .6

41-50 15.6 14.1 15.2 14.5 .5 1251) 14.3b 16.1a 16.6a .5

Fertility(%)

22-40 91.2 86.5 91.7 91.2 2.1 94.6a 87.6b 87.8b 90.5ab 1.8

41-56 91.5 945 95.4 93.0 3.8 95.9 89.5 95.9 93.1 1.8

Hatchability of fertile eggs (%)

22-40 82.8 84.2 79.9 83.8 2.2 82.8 81.1 79.8 87.1 1.7

41-56 77.0 80.1 84.1 78.5 3.3 82.4 79.1 78.3 79.9 1.6
3(g/100g)

Testicular weight

56 59b .69ab .72a .68ab .03 .6 .64 .74 .63 .03

Abdominal fat (% )

56 .09b 1.30a .81ab 56b .18 .92ab .98a .43b .43b .16

"Value in the same heading row having different lettered superscripts are
significantly different (P<.05), the absence of superscripts indicate no significant
difference (P>.05).

'Triticale (flora) diets fed 22 to 40 weeks ofage (22-40) and corn-soy diets fed 41 to
,,56 weeks of age (41-56).
Standard error of the means.
Grams of testes per 100 grams of fasted body weight.

4Abdominal fat as percentage of fasted body weight.
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Table A1.2. Correlation coefficients of mean packed sperm cell volume (PSCV),
seminal volume (SV), body weight gain (BWG) from 22 to 40 and 41 to 50
weeks of age (WOA), and testicular weight (TV) at 56 WOA

Diets

Period
Strain' (WOA)

16%CP 7%CP 7%CP 7%CP
2871 2868 2424 1985

16%CP 7%CP 7%CP 7%CP
2871 2868 2424 1985

PSCV and SV PSCV and BWG

A 22-40 .31 .64* -.2 .17 .19 .09 -.05 .02
41-50 -.27 -.29 .11 .18 .07 .18 .42 -.24

B 22-40 -.25 .39 .11 -.18 -.19 .05 -.1 -.07
41-50 -.41 -.07 .19 29 .27 -.41 -.42 -.1

C 22-40 .17 -.03 .26 -.05 .01 .1 -.11 .48
41-50 -.28 .11 .37 -.09 -.16 .15 -.17 .24

D 22-40 .08 2 .7** .08 .25 .17 -.43 .02
41-50 .24 .03 -.39 .1 .12 .14 .01 .11

SV and BWG SV and TW2

A 22-40 .32 .27 .31 -.52* -.48 .11 .44 .23
41-50 -.4 .26 .14 21 -.06 -.17 .6* -.13

B 22-40 -.02 -.44 -.02 .38 -.17 .02 .08 -.63*
41-50 .03 -.07 -.04 .46 -.19 .2 .03 -.19

C 22-40 -.04 .56* .17 -.28 .23 -26 .03 .02
41-50 .17 .11 .36 -.09 .32 -.47 .26 -.21

D 22-40 -.01 -.5* -.04 .01 -.31 -.37 -.21 -.13
41-50 .03 -.04 .03 .3 -.21 .73** .2 -.03

* P<.05
** P1.01

!Commercial strain of broiler breeder males identified as A, B, C, and D.
LAt 56 weeks of age.
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Table A1.3. Correlation coefficients of mean packed sperm cell volume (PSCV),
seminal volume (SV), body weight gain (BWG) from 22 to 40 and 41 to 50 weeks of age
(WOA), and testicular weight (TW), abdominal fat (AF) at 56 WOA

Strain'
Period
(WOA)

Diets

16%CP 7%CP 7%CP 7%CP
2871 2868 2424 1985

16SCP 7%CP 7%CP 7SCP
2871 2868 2424 1985

PSCV and TW2 BWG and TW2

A 22-40 -.16 .17 -.2 .34 -.15 .47 -.03 .05
41-50 -.1 .33 .01 .11 -.1 .51 -.06 .11

B 22-40 -.4 .16 .01 -.11 .2 -.17 -.15 -.12
41-50 -.4 .02 .39 .01 .16 -.42 -.09 .03

C 22-40 -.03 -.17 -.02 -.42 .27 -.29 -.05 .06
41-50 -.3 -.27 -.19 .41 .23 .34 .48 -.1

D 22-40 -.4 .18 -.17 -.2 .19 .04 -.05 -.07
41-50 .12 -.27 .12 .21 .28 -.52* .19 .2

PSCV and AF2 SV and AF2

A 22-40 -.15 .03 .24 -.04 .61 .09 -.55* -.25
41-50 -.15 -.05 -.01 -.34 -.23 .03 -.06 -.35

B 22-40 .09 .13 -.06 -.01 -.05 .19 .27 -.21
41-50 .55 -.14 -.37 -.18 -.08 .2 .16 .12

C 22-40 -.05 .14 -.28 .01 .43 .27 -.09 -.29
41-50 .07 .07 .01 -.07 .34 .12 .23 -.27

D 22-40 -.12 -.08 .4 .18 .52 -.04 -.01 .19
41-50 -.23 -.06 .64* -.31 .54* -.09 -.31 -.2

* PI .05

!Commercial strain of broiler breeder males identified as A, B, C, and D.
`At 56 weeks of age.
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Table A1.4. Correlation coefficients of mean body weight
gain (BWG) from 22 to 40 and 41 to 50 weeks
of age (WOA), and testicular weight (TW),
abdominal fat (AF) at 56 WOA

,Period
Strain' (WOA)

Diets

16%CP 7%CP
2871 2868

7SCP
2424

7%CP
1985

BWG and AF2

A 22-40 .04 -.2 -.16 .06
41-50 .12 -.17 -.03 -.04

B 22-40 -.11 -.49 -.01 -.22
41-50 .45 -.38 .42 .31

C 22-40 .09 .49 .06 -.05
41-50 2 .47 -55* .17

D 22-40 .36 -.11 .56* .15
41-50 .06 .1 -.41 -.37

Tw2 and AF2

A .14 -.08 -.11 .5

B .19 .25 -.24 .26

C .17 -.19 -.41 .06

D -.15 -.2 -.11 -54*

* P< .05

'Commercial strain of broiler breeder males
identified as A, B, C, and D.
2At 56 weeks of age.
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APPENDIX 2

THE PERFORMANCE OF BROILERS PRODUCED FROM CAGED BREEDER MALES

FED 16% AND 7% CRUDE PROTEIN DIETS WITH VARYING ENERGY LEVELS

The data listed in this appendix contain information which may be of

interest to reader. The influence of grow-out trial by genotype interaction

on mean broiler progeny abdominal fat are summarized in Table A2.1. The

effects of paternal diet, broiler genotype, and trials on the mean progeny

body weights are contained in Table A2.2.
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Table A2.1. Mean male and female broiler progeny abdominal fat (s) of
four grow-out trials at seven weeks of age

Broiler
Genotype
(MXF)

JUL/AUG(32W0A 1) NOV/DEC(47W0A 1) DEC/JAN (50W0A 1) FEB/MAR (56W0A 1)

AXC

BXC

CXC

DXC

SE2

1.541

1.95a

2.07a

1.67a

.48

2.49a

2.65a

2.79a

2.33a

.67

1.08a

1.29a

1.37a

1.09a

.45

1.47a

1.67a

1.96a

1.71a

.55

1.77a

1.62ab

1.82a

1.12b

.69

1.97b

2.74a

2.5-aa

1.67b

.73

1.93ab

2.10ab

2.45a

1.81b

.30

2.61a

2.35a

2.89a

2.63a

.63

"Values in the same column having different superscripts are
significantly different (P<.05).

1 Paternal age at artificial insemination.
2Standard error of the means.
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Table A2.2. Effects of paternal diet, broiler genotype, and grow-out trial
on mean male and female broiler progeny body weight (g) at
seven weeks of age

Paternal dietary SE1

16% CP-2871ME

program

7% CP-2868ME 7% CP-2424ME 7% CP- I985ME

M 2039a 2032a 2067a 2069a 12

F 1735a 1758a 1752a

Broiler

1761a 10

genotype

11E CI( PXC

M 1931d 3256a 2034c 2086b 12

F 1672c 1831a 1734b 1770b 10

Grow-out trial

ILIL/AUG NOV/DEC DEC/ JAN FEB/MAR

M 2087a 2031b 1967c 2124a 12

F 1752b 1737bc 1697c 1820a 10

a.b"Values in the same row having different superscripts are
significantly different (P<.05).

'Standard error of the means.



172

APPENDIX 3

THE EFFECT OF 16% AND 7% CRUDE PROTEIN DIETS WITH VARYING ENERGY

LEVLES ON PLASMA CHOLESTEROL AND TOTAL PROTEIN OF CAGED

BROILER BREEDER MALES

The data within this appendix furnishes the readers with more

detailed description of the dietary and genetic strain effects (when pooled

by diets and by strains) and the influences of diet by age interaction on

mean plasma cholesterol and total protein levels at various ages (Table

A3.1 and A3.2).
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Table A3.1. Effects of dietary treatment and genetic strain on mean plasma
cholesterol (mg/di) and total protein (g /dl) of caged broiler
breeder males

Diets Strains

16%CP 7%CP 7%CP 7%CP
2871ME 2868ME 2424M 1985ME SE1 A B C D SE1

Plasma cholesterol

101b 112a 108ab 114a 3

4.0ab 3.9b 3.9b 4.1a

99b 109a 110a 117a 3

Plasma total protein

.1 3.8c 3.9bc 4.0ab 4.1a .1

"cValues in the same row within diets or strains having different
superscripts are significantly different (P<.05).

1Standard error of the means.
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Table A3.2. Influences of dietary treatment on mean plasma cholesterol
(mg /dl) and total protein (g /dl) of caged broiler breeder males
at various ages

Diets

Age (WOA) 16% CP-2871ME 7% CP-2868ME 7% CP-2424ME 7% CP-1985ME SE I

Plasma cholesterol

32 83c 100a 93b 98ab 7

40 108c 120ab 114b 121a 6

50 111c 115bc 118ab 124a 5

Plasma total protein

32 3.6a 3.6a 3.4b 3.7a .1

40 4.2a 4.1a 3.91) 4.1a .2
50 4.2bc 4.1c 4.3b 4.52 .1

OicValues within the same row having different superscripts are
significantly different (P<.05).

1Standard error of the means.



175

APPENDIX 4

EFFECTS OF CAGE AND FLOOR HOUSING ON THE REPRODUCTIVE

PERFORMANCE OF BROILER BREEDER MALES FED 16% AND 7% CRUDE

PROTEIN DIETS CONTAINING CORN-SOYBEAN OR CORN-YELLOW PEA

The data contained in this appendix are shown by ages. Due to

mortality in the floor treatment pens, the more precise description of

dietary effects on mean body weight, seminal volume, and packed sperm

cell volume from 22 to 56 weeks of age were only determined for caged

broiler breeder males (Tables A4.1-4.3). Correlation coefficients among the

seminal characters, body weight gain, and testicular weight are calcualted

for different dietary treatments (Table A4.4).
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Table A4.1. The effects of dietary treatment on caged broiler breeder
male mean body weights from 22 to 56 weeks of age

Dietary

Treatments

CS

161 -2850ME

CS

7% -2415ME

CYP

161 -2859ME

CYP

7% -2404ME

se

Week of ue

22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

2.6a

2.71

2.71

2.7a

.3

4.0a

3.91

3.2c

3.6b

.3

4.0b

4.21b

3.4c

4.3a

.3

3.8b

4.61

3.6b

4.8a

.3

4.1b

4.8a

3.8C

5.0a

.3

4.3b

5.11

3.9C

5.2a

.4

4.5b

5.31

4.0C

5.4a

.4

4.6b

5.4a

4.2c

5.4a

.5

kg

4.7b

5.4a

4.2c

5.5a

.7

4.7b

5.5a

4.3c

5.61

.6

4.6b

5.7a

4.2c

5.7a

.6

4.76

5.81

4.2c

5.8a

.6

4.76

5.8a

4.e

5.8a

.6

4.76

5.9a

4.2c

5.9a

.6

4.7b

6.0a

4.3c

6.0a

.7

4.7c

5.9t$

4.24

6.211

.6

4.6c

5.96

4.1d

6.211

.6

4.5c

5.5b

3.94

5.8a

.6

a,b,c,dValues in the same column having different superscripts are
significantly different (P<.05).

'Standard error of the means.
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Table A4.2. The effects of dietary treatment on caged broiler breeder
male mean seminal volumes from 22 to 56 weeks of age

Dietary Week of Ate

Treatments 24 26 38 30 32 34 36 38 40 42 44 46 48 50 52 54 56

al

CS
.331 .391 .61b .63b .slab .36a .691 .72a .821 .79a .6Ib .37ab .44a .441 .48a .4311 .52a

16% -2850ME

CS .29a .3611 .94a .85a A3b .35a .60a .45b .40 .58a .51b .47a .4911 .46a .35a .43a .4Iab
71 -24 I 5ME

CYP .401 .4611 72b .38c .65a .34a .53ab .27b .49b .49b .40b .26b .311 .33a .34a .23a .3 1 b

I 61 -2859ME

CYP .22a .50a .4e .3e .60ab .2 1 a .38b .27b .45b .69ab .85a .301b .35a .34a .37a .40a .4Iab
7% -2404ME

SE1 .20 .21 .30 .28 .23 .12 .36 .22 .32 .27 .46 .18 .16 .13 .21 .22 .19

atbiciValues in the same column having different superscripts are
significantly different (P<.05).

'Standard error of the means.
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Table A4.3. The effects of dietary treatment on caged broiler breeder
male mean packed sperm cell volumes from 22 to 56 weeks
of age

Dietary

Treatments 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

2

CS 16.6a 14.4a 12.9b 12.0b 12.6" 16.7a 12.9a 14.7a 134a 15Aa 13.
162 -2850ME

CS 15.7a 12.3a 12.3b 13.1" 12.6" 12.9b 12.0a 14.6a 12.0a 14.3a 12.
72 -2415ME

CYP 18.3a 13.3a 10.76 1 1.36 14.0' 16.7a 14.3a 16.0' 14.0a 13.711 16.
162 -2859ME

CYP 1 1 .8b 14.3a I7.3a 15.3a 10.5b 17.8a 14.5a 11.36 13.3a 13.8a 13.
72 -2404ME

SE I 5.7 3.9 5.3 3.8 3.2 3.7 5.2 3.9 2.9 3.0 3.7

16.3a 15.7a 13.9a 14.4a 14.0 16.4a

15.7a 15.4a I 4.1a 12.4" 13.6a 16.3a

16.3a 17.0a 13.3a I 1.0b 12.7a 15.0a

18.3a I 6.3a 16.3a 14.5a 14.3a 15.0a

5.5 1.7 3.1 3.0 3.8 2.0

a.bValues in the same column having different superscripts are
significantly different (P.05)

'Standard error of the means.
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Table A4.4. Correlation coefficients of mean seminal volume (SV), packed
sperm cell volume (PSCV), body weight gain (BWG) from 22 to
56 weeks of age, and testicular weight (TW) at 56 weeks of
age

Cage Floor

CS CS CYP CYP CS CS CYP CYP

16%CP 7%CP 16%CP 7%CP 16%CP 7%CP I6%CP 7%CP
2850ME 2415ME 2859ME 2404ME 2850ME 2415ME 2859ME 2404ME

SV and PSCV
.34 .08 .08 .08 -.08 .28 -.44 -.41

SV and BWG
.27 .19 -.18 .40 -.01 .54 .65 -.53

SV and 1W
-.43 -.02 -.20 .16 -.38 .11 -.29

PSCV and BWG
.11 .48 -.32 -.24 .31 -.47 -.28 -.40

PSCV and 1W
-.15 -.28 -.06 .38 -.13 .58 -.41

BWG and 1W
-.17 .06 -.44 .11 -.15 -.09 -.61

None of the calculated correlation coefficients are significant (P>.05).


