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Studies investigating the effects of feeding diets

containing the yeast, Saccharomyces cerevisiae var.

boulardii (SCB), and a yeast culture (YC) containing S.

cerevisiae were conducted in market turkeys and Medium White

turkey breeder hens.

Increased utilization of dietary gross energy, N, Ca,

P, B, K, Mg, and Mn were observed in poults fed a diet

containing 1% YC when compared to the control and 1%

inactivated YC diets at 4 weeks of age (WOA). It was

concluded that the YC must be "biologically active" in order

to affect nutrient retention in poults.

Feeding day-old poults diets containing varying amounts

of SCB resulted in increased body weights at 3 WOA. Greater

body weights and a decrease in the number of mucous-secret-

ing goblet cells per mm of villus height and a decreased

crypt depth were observed in poults receiving .02% SCB from
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3 to 5 WOA. No dietary differences were observed for either
 

villus height or width. Results indicated that feeding SCB
 

to poults increased body weight and altered gut morphology.
 

Experiments conducted to evaluate the effects of .25%
 

YC on market male turkey performance resulted in contradic

tory responses. Supplemental YC increased body weights of
 

turkeys at 5, 8, 11, and 14 WOA in one trial, while no
 

differences and depressed body weights from 2 through 17 WOA
 

were observed in two subsequent trials, respectively.
 

Similarly, feed to gain ratios were improved from day-old to
 

5 WOA in one trial, while no differences and a higher feed
 

to gain ratio was observed from 2 to 5 WOA in the second and
 

third trials, respectively. Results indicated that
 

unelucidated factors may influence the response of market
 

male turkeys fed dietary YC.
 

Consistent results have been observed in two trials on
 

the hatchability of fertile eggs (HFE) from hens of three
 

genetic lines fed .5% dietary YC. Early embryonic mortality
 

(0-10 d of incubation) was reduced when hens were
 

supplemented with YC and the HFE was increased in eggs
 

stored less than 9 days in select hen genotypes. Results
 

indicated that the breeder hen's genotype and pre-incubation
 

storage time are factors to be considered when evaluating a
 

YC in turkey breeder hen diets.
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EVALUATION OF TURKEY (MELEAGRIS GALLOPAVO) BREEDER HEN AND
 

MARKET MALE PERFORMANCES WHEN FED DIETS SUPPLEMENTED
 

WITH A YEAST CULTURE CONTAINING SACCHAROMYCES CEREVISIAE
 

CHAPTER I
 

INTRODUCTION
 

The environment in turkey production is very important
 

because it influences bird health, behavior, productivity,
 

and economics. When referring to the turkey's environment,
 

one envisions the bird's external surroundings. The
 

intestinal lumen of the turkey may also be considered as "an
 

external surface", and therefore, should also be regarded as
 

a component of the turkey's "environment". To provide an
 

optimal environment for turkey production, specialized
 

management and housing facilities are required. Some
 

important factors which are provided and carefully managed
 

include: sanitary production facilities, adequate amounts
 

of clean air and water, high biosecurity standards, and
 

optimal temperature ranges. Dietary factors such as
 

recently prepared and properly-balanced rations are also of
 

utmost importance because they affect the bird's health,
 

productivity, and the microbial ecology of the bird's
 

intestinal environment. Diets which supply recommended
 

amounts of bioavailable nutrients are, therefore, provided;
 

however, they do not guarantee optimal efficiency and bird
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performance. Consequently, the addition of feed additives
 

such as antimicrobials and feed supplements like direct-fed
 

microbials (DFM) are used to alter the bird's intestinal
 

environment in order to control disease, improve feed
 

efficiency, and help the bird achieve its genetic potential
 

(Headen, 1989; Lyons, 1989; Risley, 1992; Miles, 1993).
 

The term DFM encompasses a wide range of commercially
 

available microbial products which are generally regarded as
 

safe (GRAS) by the Food and Drug Administration and the
 

Center for Veterinary Medicine (Miles and Bootwalla, 1991;
 

Risley, 1992). Yeasts and yeast cultures are included
 

within this category of DFM and are defined by the
 

Association of American Feed Control Officials (1989) as
 

sources of highly concentrated (approximately 2 X 109 colony
 

CFU/ml) viable yeast cells (yeast), or viable yeast cells
 

(approximately 107 CFU /ml) and the media on which they were
 

grown (yeast culture).
 

Feed antimicrobials have been used extensively in the
 

turkey industry to maximize bird production by subsequently
 

controlling the microbial intestinal environment. The use
 

of antimicrobials is especially important in the control of
 

disease because under current management practices, birds of
 

the same age are housed together as a flock. This practice
 

limits the probability of young birds being exposed to the
 

adult's commensal intestinal microbiota which would
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otherwise colonize the young birds' gastrointestinal tract
 

and serve as a natural protection barrier against pathogenic
 

bacteria. Although antimicrobials have mainly been used to
 

reduce intestinal pathogenic bacteria (thus counteracting
 

the consequence of raising young birds without adults), most
 

are nonspecific (broadspectrum) medications which also
 

eliminate many of the otherwise resident bacteria such as
 

certain strains of Lactobacilli sp., Enterococci sp., and
 

Streptococcus sp. (Watkins and Miller, 1983; Chesson, 1991).
 

Consumers of animal meat products are now demanding
 

that antimicrobial usage in the feed of animals reared for
 

human consumption be reduced or eliminated. A viable
 

alternative to the use of feed antimicrobials may be the use
 

of yeast and bacterial DFM (Savage, 1991; Dawson, 1993).
 

Another aspect which may make the use of DFM products more
 

efficacious is the practice of increased nutrient
 

management. The current industrial management of turkey
 

production is affecting the larger environment of the earth
 

and an increasing number of people are becoming concerned
 

with the impact of industrialized poultry production (and
 

subsequent waste production) on the earth's environment.
 

The use of yeast DFM such as yeast cultures may reduce this
 

environmental impact on the earth's water and soil through
 

improved nutrient utilization and subsequent reduced
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nutrient excretion (Cromwell and Coffey, 1991; Jensen, 1993;
 

Bradley and Savage, 1994b).
 

Yeast DFM are thought to assist in balancing microbial
 

populations and provide the bird with additional enzymes,
 

vitamins, and chelated trace minerals (Chad Risley, 1993,
 

Chr. Hansen's Laboratory, Inc., 9015 West Maple Street,
 

Milwaukee, WI 53214, personal communication). In addition,
 

yeast cells have also been reported to possess aflatoxin
 

binding properties which can reduce the toxicity of feeding
 

moldy feedstuffs (Devegowda and Aravind, 1993; Stanley et
 

a/., 1993). Although the addition of yeast and yeast
 

cultures to turkey diets have provided improved performance,
 

the lack of consistent results between reports has prevented
 

their general acceptance for use by the turkey industry.
 

The variability observed between reports involving yeast DFM
 

products has not been fully elucidated. Some researchers
 

have hypothesized that certain feed ingredients such as
 

alfalfa may have an influence on the outcome of studies
 

using yeast culture (John Brake, 1994, North Carolina State
 

University, Raleigh, NC 27695, personal communication).
 

Recent research has revealed genetic line differences in
 

response to the feeding of a dietary yeast culture (Bradley
 

and Savage, 1993; Hayat et a/., 1993, Savage et al., 1993;
 

Bradley and Savage, 1994a). Other factors such as different
 

types of yeast DFM products, nutrient densities of the
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experimental diets, differing managerial practices and
 

environmental or pathological stresses on the bird may also
 

influence the bird's response when fed diets containing
 

yeast DFM products.
 

The purposes of the research presented in this thesis
 

were to:
 

1.	 evaluate the effects of diets containing the
 

yeast, Saccharomyces cerevisiae var. boulardii,
 

and a yeast culture of Saccharomyces cerevisiaeu
 

on the performance of commercial market male
 

turkeys,
 

2.	 evaluate the effects of diets containing a yeast
 

culture of Saccharomyces cerevisiaeu on Wrolstad
 

Medium White turkey breeder hens, and subsequent
 

progeny performance,
 

3.	 evaluate the effects of diets containing
 

Saccharomyces cerevisiae var. boulardii and a
 

yeast culture of Saccharomyces cerevisiaeu on the
 

microscopic morphology of the ileum in commercial
 

market male turkeys, and
 

4.	 to attempt to elucidate the modes of action
 

associated with the feeding of yeast DFM
 

products.
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CHAPTER II
 

REVIEW OF LITERATURE
 

TURKEY INDUSTRY
 

The poultry industry has evolved at an exponential rate
 

over the past 50 years. The turkey industry in particular,
 

has evolved from numerous small backyard breeder flocks to
 

larger flocks of fifty turkeys (then considered a large
 

flock) and finally, to vertically integrated companies with
 

flock sizes of 100,000 producing millions of birds per year
 

(Miller, 1986b). The industry has also changed its
 

production and breeding programs from a seasonal operation
 

which mainly focused on providing holiday turkeys for
 

Thanksgiving and Christmas to a system which supplies fresh
 

whole turkeys and value-added products such as turkey
 

roasts, whole breast, deboned gourmet breast, legs, hot
 

dogs, bacon, bologna and turkey ham throughout the year
 

(Miller, 1986b; Cook, 1990).
 

The nutritional outlook of the turkey industry has also
 

changed rapidly. Prior to the 1920's, little information
 

was available on the nutrition of the turkey, and backyard
 

flocks were fed nutritionally unbalanced diets. The diets
 

these backyard flocks received consisted of table scraps,
 

various grains such as wheat and corn, and limited foraging
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on range grasses. Years later, the early turkey producer
 

(raising flocks of fifty) would feed a starter ration to
 

poults up to six weeks of age consisting of cottage cheese,
 

green onion tops, and plenty of pepper (to encourage the
 

poult to drink water). The grower ration (from 6-8 weeks of
 

age) which was fed when birds were on the range, consisted
 

of a combination of mash feed mixed with a small amount of
 

grain (mostly corn and oats which was referred to as
 

scratch). Larger proportions of these grains were added to
 

the diet as birds matured and grew larger (Miller, 1986b).
 

Surprisingly, these early flocks were fairly successful in
 

producing turkey meat in spite of their nutritionally
 

unbalanced feeding practices. Most toms were marketed at 25
 

to 26 weeks of age and weighed on the average of 10.9 kg
 

while hen body weights averaged approximately 6.3 kg at the
 

same age (Miller, 1986b). Today (1994), toms are generally
 

marketed between 17 and 20 weeks of age and weigh 10.5 to
 

16.3 kg while hens marketed at younger ages (15 to 18 weeks
 

of age) weigh 6.3 to 8.1 kg. Feed to gain ratios of both
 

sexes have also improved dramatically with the improved
 

feeding, genetics, and management techniques currently
 

practiced (National Research Council, 1984; Moreng and
 

Avens, 1991; Sell, 1991; Nicholas Turkey News, 1993a,b).
 

These dramatic improvements in turkey performance and the
 

rapid expansion of the turkey industry are due to
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progressive and innovative changes by an industry not
 

reluctant to change ideas and technologies associated with
 

producing quality least-cost turkeys. These changes have
 

been augmented by other scientific advances in nutrition,
 

genetics, physiology, pathology, and by the industry's
 

ability to respond quickly to consumer demands (Cook, 1990).
 

Future Trends
 

According to May (1990), turkey meat production will
 

increase from 2.27 billion kg in 1990 to 4.45 billion kg by
 

the year 2000. This is a 96 percent increase in only ten
 

years. Even if May's predictions are not completely
 

realized, it is evident that the poultry industry must
 

expand to meet the increased consumer demand for poultry
 

meat and its value-added products. Factors cited which will
 

boost consumer demand for poultry meat products include:
 

versatility in the development of further
 

processed meat products such as poultry hot
 

dogs, bologna, bacon, ham and sausage,
 

continued growth in the fast food industries, and
 

exportations to other countries.
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Goals of the Industry
 

Maximizing profitability is the goal of poultry
 

producers and integrated companies. As the poultry industry
 

expands to satisfy demands, it must also increase its
 

production efficiency in order to maximize the economic
 

advantages. According to Wentworth (1993), "the poultry
 

industry has relied on a high return on past investments in
 

the development and adoption of new techniques". This
 

willingness to adapt has been a key to the continued success
 

of the industry.
 

Three significant ways in which we may attempt to
 

improve the efficiency of the poultry industry are through
 

nutrition, genetics, and management. Improvements in
 

nutritional efficiency are economically essential.
 

Approximately 7096 of production costs are associated with
 

the purchase and manufacture of feeds (Moreng and Avens,
 

1991; Harry Nakaue, 1991, Oregon State University,
 

Withycombe Hall, Corvallis, OR 97331, personal
 

communication; Firman, 1993). As a result, greater profits
 

can be achieved by small nutritional improvements through
 

increased knowledge and new technologies in the feeding
 

industry. One concern of poultry nutritionists is the
 

rapidly changing genetics of the turkey and the continual
 

struggle to keep abreast of the nutritional needs of each of
 

the improved lines (Thomas Savage, 1992, Oregon State
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University, Withycombe Hall, Corvallis, OR 97331, personal
 

communication). According to Jensen (1993), practical
 

poultry diets are generally in excess of the National
 

Research Council (1984) suggested nutrient requirements.
 

This excess is referred to as the "safety margin". This
 

"safety margin" is believed to be crucial because adequate
 

amounts of nutrients are necessary to maximize each bird's
 

genetic growth potential, thereby maximizing efficiency and
 

profitability. This "safety margin" if excessive, however,
 

will be to the detriment of the producer's already modest
 

profit margin. If this margin could be prudently reduced
 

then the profitability of poultry production would increase.
 

The practice of overformulating feed rations, in addition to
 

being costly, leads to an excess of nutrients in the
 

excreta. Currently, the excreted nutrients of greatest
 

concern are nitrogen and phosphorus (Barton, 1992; Malone,
 

1992; Swick and Ivey, 1992). The nutrient-rich excreta is
 

an additional challenge for the poultry producer because of
 

the potential for environmental contamination of soil and
 

water caused by improper land application of this poultry
 

waste product (Shih, 1993). Nutrient management legislation
 

is currently (1993) pending in Pennsylvania, the
 

consequences of which could result in future legislative
 

activities in other states which would also regulate the
 

disposal of poultry waste products (Patterson and Lorenz,
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1993). Besides the environmental problem of excess
 

nutrients in the feed, there is new evidence that this
 

excess may also be detrimental to the bird's performance
 

(Jensen, 1993). Clearly, minimizing the practice of
 

overformulation, or eliminating it through nutritional
 

advances, would benefit the turkey industry in many ways.
 

FEED SUPPLEMENTS AND CONSUMER CONCERNS
 

Unidentified Growth Factors
 

Feed manufacturers and nutritionists are attempting
 

to maintain a "nutritional insurance policy" to ensure the
 

optimization of feed efficiency and growth of poultry by
 

selecting ingredients, which for reasons unidentified,
 

improve animal performance or efficiency. The ingredients
 

which are associated with this phenomenon are referred to as
 

having unidentified growth factors (UGF). Today,
 

ingredients with acknowledged UGF are still used in some
 

complex poultry rations such as pre-starter and breeder
 

diets for improved performance. In the past, researchers
 

identified feed ingredients having UGF by replacing the
 

known UGF, such as dried whey and fishmeal, with the
 

ingredient in question. When this procedure was applied to
 

a yeast culture (YC), researchers found that the YC also
 

contained an UGF (Scott et a/., 1982). After identifying
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ingredients that contained an UGF, researchers would then
 

analyze the ingredients for their common nutrient
 

composition thereby determining which nutrient(s) were
 

responsible for the UGF. Although most of the growth
 

factors in fermentative products such as YC and Brewer's
 

dried yeast have been identified, some explanations of
 

increased efficiencies remain to be elucidated (Waibel et
 

al., 1988; Gardner et al., 1992; Stanley et al., 1993).
 

Responding to Consumer Demands
 

1) Concerns About Antimicrobials
 

There is a keen concern about the use of antimicrobials
 

in poultry feed and their potential effect on meat quality
 

(Lyons, 1990; Dawson, 1993a). There have been television
 

and newspaper reports about antibiotic-resistant pathogenic
 

bacteria entering the human food chain from animal food
 

sources. This news coverage has elevated and spread concern
 

to an increased number of consumers (Spika et al., 1987;
 

Lucio-Martinez, 1993). In addition, the recovery of
 

antimicrobial residues from polyphosphates in chickens, and
 

the political debate in the beef industry over the use of
 

implanted hormones, spreads doubt and confusion on the
 

morals of the entire animal production industry (Raine,
 

1988) .
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2) Food Safety
 

Bacterial contamination occurs in many animal food
 

products. Consequently, concerns about the potential
 

contamination of meat products with pathogenic bacteria are
 

legitimate, and the transmission of pathogenic bacteria from
 

the gastrointestinal tract of poultry to the consumer is a
 

health concern (Hinton, 1988). Due to the high publicity
 

given to the contamination of poultry meat and egg products,
 

however, most consumers incorrectly ascribe a higher risk of
 

bacterial contamination to poultry meat as compared to other
 

animal food products. The industry is attempting to change
 

this perception by reducing the incidence of bacterial
 

contamination through consumer handling education, changes
 

in processing management, and through the use of competitive
 

microbial exclusion which minimizes the presence of
 

intestinal pathogenic bacteria (Schlleifer, 1985; Corrier et
 

al., 1993; Cox et al., 1993; Hollister et al., 1993; Kopek
 

et a/., 1993; Musgrove et al., 1993; Stern et a/., 1993).
 

The technology of competitive exclusion and the modification
 

of meat processing procedures have experimentally reduced
 

pathogenic bacteria on whole carcasses (Blankenship et al.,
 

1993; Kaniawati et al., 1993; Kim and Doores, 1993; Kopek et
 

al., 1993; Musgrove et al., 1993; Shackelford et al., 1993;
 

Stern et al., 1993; Wallner-Pendleton et al., 1993).
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3) Biotechnology in the Food Industry
 

Biotechnology is the manipulation and use of the
 

biological sciences for economic or other perceived benefits
 

in order to improve a given process (Lyons, 1986a,b).
 

Biotechnology has been in use for centuries (e.g., the
 

Egyptians used yeast as a leavening agent some 6,000 years
 

ago (John Gauwitz, 1993 Western Yeast Company, P.O. Box
,
 

257, Chillicothe, IL 61523, personal communication).
 

Through the use of biotechnology and a greater understanding
 

of biochemistry, the pharmaceutical industry is now able to
 

generate antimicrobials on an industrial level using either
 

genetically engineered microorganisms or chemical processes
 

using special catalysts. If, however, consumers continue to
 

question the use of antimicrobials in animal feeds, their
 

usage may be discontinued by the poultry industry (Lyons,
 

1989). A promising alternative to antimicrobials in poultry
 

feeds is the use of beneficial microorganisms such as yeast
 

or bacteria to decrease the number of pathogenic organisms
 

(Headen, 1989; Miles, 1993).
 

4) Environmental Concerns and Animal Welfare
 

The extended environment of the earth is a growing
 

consideration and the industry must institute tighter
 

controls on waste disposal, bird management, and other
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practices in which the poultry industry impacts society and
 

the environment (May, 1990; Appleby et al., 1992). In
 

addition, with the increase in concern for the welfare and
 

treatment of animals, some groups of "well educated" people
 

have gone to the extreme of suggesting that all animals have
 

divinely given rights which are being violated by the
 

industry's use of these animals for monetary profit. An
 

increasing number of people view the industry as "inhumane"
 

because young birds are raised without their natural parents
 

and in a living space which is perceived as too small. This
 

public perception and the change in laws which govern the
 

use of farm animals will affect the way the poultry industry
 

operates (Carlson, 1993). Probable changes will include:
 

providing more space per bird,
 

allowing free range animals, and
 

providing birds free from feed additives and
 

other "chemicals" (Appleby et al., 1992).
 

The use of beneficial microorganisms as animal feed
 

supplements may be implemented to a greater extent in the
 

future because of regulations on the use of feed additives
 

and public demands for more "chemical free" products.
 

5) Acceptance of Food Microbials
 

Consumers are concerned about the use of antimicrobials
 

in animal feed and believe that fermentation by-products
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such as yeast cultures and other beneficial bacterial
 

supplements are safe and natural. Furthermore, they believe
 

that when live microbial supplements are added to poultry
 

feed, they do not detract from the meat product's
 

wholesomeness (Dawson, 1993a). These beliefs may be due to
 

the currently accepted use of many varieties of beneficial
 

bacteria and yeasts in further processing of dairy products
 

such as yogurt, cheese, new products such as acidophilus
 

milk, and the common use of yeast in the baking and brewing
 

industries (Klaenhammer, 1982; Kim and Gilliland, 1983;
 

Sandine, 1990). The acceptance of animal food microbials
 

may also be due to the fact that humans have evolved using
 

microbes to process their food and have eaten these foods
 

containing microorganism for centuries (Savage, 1991).
 

Direct-fed Microbials (DFM)
 

According to Miles and Bootwalla (1991), Metchnikoff in
 

1907 was the first to suggest that the health of an animal
 

may depend on a properly balanced gut microflora. Further
 

work by Metchnikoff in 1908, as reported by Hutcheson
 

(1991), revealed that people drinking fermented milk had a
 

reduced incidence of digestive disturbances. This concept
 

of using specific microbes to enhance the intestinal
 

microbial population is termed "probiotic" (Hamilton and
 

Proudfoot, 1991; Miles and Bootwalla, 1991).
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The term "probiotic" has been used in general
 

conversations to mean a microbial product used as a feed
 

supplement. The literal meaning is "for life" as opposed to
 

antibiotic "against life". Examples of microorganisms which
 

are used as probiotics include: single bacterial
 

preparations, a mixture of different bacterial species,
 

lyophilized dry yeast, yeast cultures, bacterial and yeast
 

mixtures (dry and liquid forms), and other microbes such as
 

fungi (Muirhead, 1992). Miles and Bootwalla (1991) stated
 

that Parker in 1974 defined the word "probiotic" to mean
 

"organisms and substances which contribute to the intestinal
 

microbial balance". This definition is vague and could
 

include antibiotic and microbial extracts.
 Fuller (1989)
 

defined a "probiotic" as: "A live microbial feed supplement
 

which beneficially affects the host animal by improving its
 

intestinal microbial balance". Fuller (1988, 1989) believed
 

it was essential for the microorganisms in the product to be
 

"live" in order to affect the microbial balance.
 Hutcheson
 

(1991) outlined seven criteria which aid in defining a
 

probiotic:
 

1. a culture of specific microorganisms;
 

2. it implants in the animal to which it is fed;
 

3. must be viable for the effective altering of
 

intestinal populations of both beneficial and
 

pathogenic organisms;
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4.	 must be maintained in a dry form for stability
 

purposes;
 

5.	 is temperature dependent;
 

6.	 is dose dependent; and
 

7. is host-specific.
 

It is interesting to note that many probiotics marketed
 

today do not satisfy these criteria (Muirhead, 1992).
 

Designation of DFM
 

In 1989, the United States Food and Drug Administration
 

(FDA) mandated the use of the term direct-fed microbials
 

(DFM) instead of "probiotics". Therefore, for the balance
 

of this review the designation DFM will be used. In
 

addition, the term "microbiota" rather than "microflora"
 

will be used to describe the microbials in the
 

gastrointestinal tract because most biologists consider
 

microorganisms to belong to the kingdom "protista" and not
 

to the plant kingdom, or "flora" (Savage, 1991). The FDA
 

further defined DFM as "a source of live (viable) naturally-


occurring microorganisms" (Miles and Bootwalla, 1991;
 

Pendleton, 1992). Risley (1992a) suggested an alternative
 

definition for DFM as being "live, naturally-occurring
 

bacterial supplements given to animals at times of stress or
 

on a continual basis". Although Risley (1992a) refers only
 

to "bacterial supplements" as being DFM, fungi and yeast are
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also included as DFM products. Consequently, the definition
 

established by the FDA is more general and encompassing.
 

The terms "live" or "viable" require further definition as
 

research has revealed that although a yeast cell may be
 

reproductively "non-viable," the enzymatic processes may
 

remain (Mathews and van Holde, 1990a; Headen, 1992). DFM
 

products have been evaluated by the FDA and the Center for
 

Veterinary Medicine and are generally recognized as safe
 

(GRAS) by these regulatory agencies (Miles and Bootwalla,
 

1991; Risley, 1992a). The general categories (genus) of
 

microbes used in DFM are:
 

Lactobacillus Streptococcus
 
Bacillus Bacteroides
 
Bifidobacterium Leuconostoc
 
Pediococcus Propionibacterium
 
Aspergillus Candi da
 
Saccharomyces Torulopsis
 

(Gilliland, 1988; Hutcheson, 1991; Miles and Bootwalla,
 

1991; Muirhead, 1992; Risley, 1992a). When DFM are fed to
 

animals as feed supplements, these microbes are thought to
 

manipulate the type and numbers of microorganisms in the
 

intestinal tract.
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Need for DFM
 

1) Poultry Waste Management
 

As turkey production becomes geographically more
 

concentrated, environmental factors such as waste disposal
 

may become a limiting factor. For instance, land and ground
 

water contamination due to excessive amounts of nitrogen and
 

phosphorus is a concern in the United States especially in
 

the production-dense poultry areas (Cole, 1993). Problems
 

such as overformulation of feed by the producer and low
 

availability of nitrogen and phosphorus to the bird result
 

in unnecessarily high levels of these products in the
 

poultry waste (Sweerczek, 1986; Cromwell and Coffey, 1991;
 

Jensen, 1993). Thayer et al. (1978) discovered that feeding
 

Saccharomyces cerevisiae as a DFM to breeder turkey hens
 

increased the availability of phytate phosphorus from the
 

feed through the action of the yeast's enzymes.
 

Consequently, the addition of a yeast culture to poultry
 

diets could reduce the requirement for total dietary
 

phosphorus thus decreasing the concentration of phosphorus
 

in the excreta and reducing the feed cost. Yeast products
 

are also being used in preliminary tests to convert poultry
 

by-products such as feather waste to a high quality and
 

highly bioavailable protein supplement (Ted Sefton, 1993,
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Altech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356,
 

personal communication).
 

2) Growth and Adaptation in Poultry Industry
 

The turkey industry needs to adapt in order to take
 

advantage of the
 increased technological advantages
 

currently available. The use of biotechnology in order to
 

incorporate microbial digestive enzymes and fermentative
 

products or microbes themselves into poultry rations may
 

provide environmental and economic advantages. Although
 

fungi, yeast, yeast extracts, and yeast cultures have been
 

used in the feed industry since the early 1950's, their use
 

has been sporadic because of inconsistent positive effects.
 

The use of DFM may allow the industry to effectively
 

increase the efficiency of feed utilization
 
,
 lower dietary
 

nutrient constraints, and maximize profitability. An
 

efficient use of poultry feedstuffs would reduce nutrient
 

losses in the feces and aid in waste disposal challenges
 

currently facing the poultry industry (Cole, 1991; Wenk and
 

Messikommer, 1991; Wyatt, 1992; Cole, 1993).
 Furthermore,
 

the reduced use of antimicrobial products as growth
 

promotants creates a need which could be met with DFM.
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3) Disease Prevention
 

It has been reported in the New England Journal of
 

Medicine that "Food animals are a major source of
 

antimicrobial-resistant salmonella infections in humans and
 

that these infections are associated with antimicrobial use
 

on farms" (Spika et al., 1987) The number of reported food-


associated outbreaks of salmonellosis throughout the world
 

are growing as the consumption of poultry meat products
 

increases. Consequently, the consumer has perceived poultry
 

meat as the main source of Salmonellosis outbreaks (Stavric,
 

1987). To reduce consumer concerns, more wholesome poultry
 

meat products must be produced. According to Hamilton and
 

Proudfoot, (1991) and Gilliland (1988), DFM may replace
 

antibiotics which are used to control pathogenic bacteria
 

(Visek, 1978). In fact, this is believed (by some) to be
 

the most important benefit of DFM as an animal feed
 

supplement (Parker, 1974; Dawson, 1993a; Miles, 1993;
 

Sainsbury, 1993).
 

4) Stressful Environments
 

The environment for turkey production (poultry houses)
 

has been shown to harbor a variety of pathogenic
 

microorganisms (Pinello et al., 1977). In an effort to
 

reduce the number of pathogenic microorganisms, producers
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clean and disinfect the poultry facilities after each flock
 

and observe strict biosecurity practices. However, in the
 

event that these measures are insufficient and the birds are
 

exposed to an increased number or a strain of pathogens for
 

which they have a low immunity, the birds are placed under
 

a stressful condition. This stress may express itself as an
 

increased incidence of disease, increased requirements for
 

certain nutrients, or increased flock morbidity. If this
 

stress is not ameliorated promptly, profitability will
 

decrease. The practice of feeding DFM supplements is
 

thought to aid in times of stress by enhancing the immune
 

system (Gedek, 1987; Kung, 1992; Miles, 1993; Sainsbury,
 

1993)
 .
 

YEAST
 

General Description
 

The term "yeast" is a generic name used to identify
 

certain microscopic organisms. In botanical terms, a yeast
 

is classified as a fungus. The biological definition of a
 

yeast is a single-celled fungus having cell walls (Rose,
 

1988). The first person to microscopically observe the
 

yeast cell was the Dutch scientist, Anton van Leeuwenhoek,
 

and since then, we have learned a great deal about yeast
 

(Krutzman, 1990).
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Types of Yeasts Used in Poultry Feed
 

There are numerous yeast DFM products available as
 

animal feed supplements. These DFM products contain some of
 

the following microorganisms: strains of S. cerevisiae (S.
 

cerevisiae boulardii and S. cerevisiael°26) Candida utilus,
,
 

Torulopsis, (torula yeast), Aspergillus oryzae, and A. niger
 

(Scott et al., 1982; Cheeke, 1991; Martin, 1992; Muirhead,
 

1992). Yeast DFM products are available in dry, liquid, or
 

paste forms and consist of yeast cultures, yeast and other
 

fermentation products, or concentrated active-dry yeast
 

cells (Muirhead, 1992). Non-fermentative yeast cells are
 

not considered DFM and are generally by-products from the
 

brewing or distilling industry. Some of these by-products
 

include: brewer's dried yeast, torula dried yeast, grain
 

distillers dried yeast, and molasses distillers dried
 

solubles (Scott et al., 1982).
 

Saccharomyces cerevisiae 

The name "saccharomyces" means "sugar fungus". This
 

name reflects the need of this yeast for sugar as a
 

substrate while "cerevisiae" refers to its association with
 

the production of a variety of beers. S. cerevisiae exists
 

as single egg-shaped cells which measure 5 to 10 microns in
 

width and 5 to 12 microns in length (Rose, 1988). The
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common manner for S. cerevisiae to replicate is by budding.
 

The buds, when mature, break off from the mother cell.
 

Yeast also have the capability of utilizing one of two
 

metabolic pathways which either do not require oxygen
 

(anaerobic) or require oxygen (facultative anaerobes) as a
 

terminal electron receptor (Matthews and Webb, 1991; Risley,
 

1992b). According to Dawson, (1993a) The American Type
 

Culture Collection maintains in excess of 1000 distinct
 

strains of S. cerevisiae which can be differentiated by
 

biochemical and genetic testing. A given strain of S.
 

cerevisiae may have a unique enzymatic profile which will
 

aid in the digestion of certain nutrients such as proteins,
 

lipids, and carbohydrates. Companies choosing these
 

microbes have selected the strain which they feel suits
 

their purposes.
 

YEAST PRODUCTS
 

Yeast and Yeast By-Products
 

1) Yeast as a Major Feed Ingredient
 

Most yeast products available to the animal feed market
 

today are present in the form of feed supplements and not as
 

a major feed ingredient (Miles, 1993). An exception is
 

yeast grown on gas-oil and n-paraffin. Yeast grown in this
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manner is not yet economical to produce as an animal feed
 

ingredient where soybean meal and fishmeal are readily
 

available (Waldroup and Flynn, 1975; Waldroup and Hazen,
 

1975; Yoshida, 1975). Although not readily used for
 

poultry, this single-cell protein source is an excellent
 

source
 of protein, energy, and phosphorus. This
 

"cultivated" yeast contains between 55 and 651-, crude protein
 

on a dry weight basis and has a high nucleic acid content of
 

6 to 1896. Because of the high acid content, animal growth
 

is depressed due to the inadequate metabolism of nucleic
 

acids. The inadequate metabolism causes insufficient
 

nitrogen excretion which results in uric acid deposits in
 

the body. Because most non-DFM yeast products are
 

deficient in portions of their amino acid profile (low
 

cystine and methionine), they are best used as
 protein
 

supplements (van Weerden et al., 1970; Waldroup and Flynn,
 

1975; Waldroup and Hazen, 1975; Litchfield,
 1983; Miles,
 

1993).
 

2) Beneficial Nutrients from Yeast Products
 

Yeast and yeast by-products are nutrient rich sources
 

of highly digestible proteins, simple carbohydrates, and
 

vitamins (Maurice and Jensen, 1978; Verachtert et al.,
 

1990). This high bioavailability of amino acids from yeast
 

is due in part to the presence of the B-complex vitamins
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which aid in the amino acid utilization. The term "B

complex" vitamins was originally used to describe the
 

vitamins found in yeast. (Gontard, 1950a,b; Lyons, 1986c;
 

Hutcheson, 1991; Tadtiyanant et al., 1993). Dried brewer's
 

grains (100) was successfully used as a protein supplement
 

in diets fed to laying hens (Eldred et a/., 1975;
 

Tadtiyanant et al., 1993). Brewer's yeast and torula yeast
 

have been popular in reducing leg disorders and improving
 

growth and feed efficiency in poultry (Plavnik and Scott,
 

1980; Bolden and Jensen, 1985; Charles et al., 1985).
 

According to Scott (1987), niacin and biotin present in
 

yeast culture and yeast by-products have been the key to the
 

reduction of "hock and bowed leg disorders" in turkey poults
 

and ducks.
 

3) Yeast Metabolites
 

Yeasts are unique in their ability to synthesize
 

complex proteins from nitrogenous sources such as ammonia
 

and ammonium salts. Bhattacharjee (1985) has identified the
 

pathway where yeast are able to synthesize lysine. He
 

concluded that this occurred if the gut environment permits
 

enzymatic yeast activity and the ammonia nitrogen (produced
 

by other intestinal microorganisms) is reclaimed by active
 

yeast cells within the gut. Consequently, enhanced nitrogen
 

retention may result from the direct synthesis of amino
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acids (such as lysine) and whole proteins by the yeast cells
 

within the digestive tract (van Weerden et al., 1970).
 

Yeast Cultures as DFM
 

The official definition of a yeast culture provided by
 

the Association of American Feed Control Officials (1989)
 

is:
 

"A dry product composed of yeast and the media on
 
which it was grown, dried in such a manner as to
 
preserve the fermenting capacity of the yeast"
 

This definition encompasses a wide range of products, thus,
 

animal responses may differ when fed yeast cultures from
 

different commercial sources. Yeast cultures from various
 

companies may be unique in the strain of yeast used, cell
 

viability, colony forming units per gram, growing
 

conditions, and culture contents (Dawson, 1993a). These
 

factors play important roles in the final product, nutrient
 

profile, and metabolic activities of the yeast cells
 

(Williams, 1989; Bui and Galzy, 1990). Currently, only a
 

few companies which produce and market their own products
 

reveal the strain or strains of yeast being used in their
 

culturing process. Also companies do not identify on their
 

product labels their fermentation process. This information
 

is maintained as proprietary to enable the companies to
 

compete more favorably and maintain their unique products.
 

Since the genetic regulation in yeast cells is dependent on
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the concentration of oxygen, nutrients, and temperature; the
 

metabolites produced depend greatly on the environment of
 

fermentation and processing (Zitomer and Lowry, 1992;
 

Hargrove and Berdanier, 1993). For example, according to
 

Williams (1989), an unidentified company uses high
 

concentrations of zinc to control yeast cell division in the
 

latter stages of fermentation. This procedure results in
 

yeast cells which contain high concentrations of chelated
 

zinc. Although some information can be kept proprietary,
 

the media on which the yeast is grown must be stated on the
 

label (Rose, 1988).
 

YEAST CULTURES IN ANIMAL FEEDS
 

Yeast Culture Supplementation
 

There are two basic types of yeast cultures available
 

for animal feed supplementation: 1) those which contain a
 

high level of viable yeast cells, and 2) those which
 

contain a low number of viable cells and metabolites or
 

"nutrilites" which the yeast cells have secreted during
 

fermentation and have been preserved in the drying process
 

(Chr. Hansen's Biosystems, 1991). The literature supports
 

the use of yeast cultures for improved animal performance in
 

many species including: dairy and beef cattle, sheep,
 

goats, horses, swine, rabbits, dogs, chickens, and turkeys
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(Thayer and Jackson, 1975; Phillips and von Tungeln, 1985;
 

Glade and Biesik, 1986; Glade and Sist, 1987; Harrison et
 

al., 1988; Sefton, 1989; Hollister, et al., 1990; Hughes,
 

1990; Lowe, 1991; McDaniel, 1991a,b; McDaniel and Sefton,
 

1991; Dawson, 1993a).
 

Not all animals may benefit from a DFM in the diet
 

(Miles, 1993). In any population of animals there are those
 

individuals which may derive only slight benefits from the
 

use of DFM. Conversely, there may be individual animals who
 

need the extra protection and advantage of a product
 

designed to control the microbial balance within its
 

digestive tract. However, more studies are required on
 

individual animals in order to establish the validity of
 

these statements. The immunocompetence of an individual
 

animal and its response to YC products may well be factors
 

to consider.
 

Management of Yeast Cultures
 

A large number and a wide variety of yeast and yeast
 

culture products exist in today's feed supplement market
 

(Muirhead, 1992). Each yeast DFM manufacturer has outlined
 

how and when their product should be used. It has also been
 

shown that certain strains of yeast are required in
 

combination with specific feed ingredients and animal
 

species in order to obtain the desired response. This is
 



34 

evidenced by the number of nutritionists advocating selected
 

yeast cultures and their subsequent incorporation in
 

specific animal feeds (Boyett, 1990).
 

Identifying DFM in Feed
 

To ensure the proper incorporation of DFM, products into
 

animal feeds, the identification of yeast products may
 

become important. Since specific strains are used, strain
 

identification techniques must be specific. One such
 

identification technique currently available is "DNA
 

fingerprinting". This technique verifies that the given
 

yeast is present in the manufactured feed. This
 

verification is accomplished by comparing genomes of known
 

yeast strains with the genome of the yeast strain(s)
 

recovered from the feed (Moore and Headen, 1992; Moore,
 

1993) .
 

Yeast Cultures (YC) in Poultry Rations
 

The supplementation of turkey rations with yeast
 

products began in the 1950's when fermentative by-products
 

and yeast cultures were used in the poultry industry. The
 

scientific community has been puzzled for many years because
 

of increased performance when certain feed ingredients such
 

as fermentation products were used. As mentioned earlier,
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these are referred to as UGF (Scott et al., 1982; Brewer,
 

1983). Although most of these UGF have been elucidated,
 

subtle improvements in feed efficiency and reproductive
 

performance when using UGF remain unclear. Because of
 

conflicting results among research reports on the
 

incorporation of YC and other DFM into animal rations,
 

scientists have not come to a general conclusion regarding
 

DFM (Jernigan et al., 1985). Savage and Mirosh (1990a,b)
 

reported that selected lines of turkeys may benefit from the
 

inclusion of YC in the diet. Supplementation of broiler
 

breeder diets with a YC resulted in earlier semen production
 

in the males and increased hatchability of eggs from caged
 

females (McDaniel and Sefton, 1991). Hayat et a/. (1992,
 

1993) observed an improved hatchability of fertile eggs in
 

cross-bred hens fed a diet containing a YC. In subsequent
 

studies using cross-bred turkey females, Bradley and Savage
 

(1993, 1994) further demonstrated an improved hatchability
 

of fertile eggs with the addition of a YC to the breeder hen
 

diet within selected lines. Thayer et al., (1978) observed
 

that hens better utilized phytate phosphorus in phosphorus
 

deficient diets when the deficient diets contained a YC. It
 

has also been revealed that the feeding of a YC reduced the
 

incidence of Colibacillosis in turkey poults (Barnes, 1987;
 

Kumar, 1991). To the contrary, Brake (1991) reported no
 

effect of feeding YC to broilers, broiler breeder hens, nor
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on subsequent progeny performance. Similar results have
 

been reported by Edmonds and Teeter (1983) using both
 

broiler and layer type chickens and by Day et al. (1987)
 

using caged laying hens. Variability in the response to DFM
 

is not confined to yeast DFM. Bacterial DFM have also
 

demonstrated great variability in improving the performance
 

as measured by body weights and feed conversions of turkeys.
 

Some authors have reported positive effects of supplemental
 

bacterial DFM (Francis et al., 1978; Brown, 1991, Nahashon,
 

et al., 1993) while others have shown no response
 

(Anonymous, 1977; Potter et al., 1979; Damron et a/., 1981).
 

FACTORS INFLUENCING YEAST CULTURE PERFORMANCE IN ANIMAL
 
PRODUCTION
 

Genotype
 

1) Nutritional Differences
 

According to Scott et al. (1982) an animal's body is
 

regulated by the genotype received from its parents. This
 

not only is apparent phenotypically but metabolically as
 

well. The ability of an animal to synthesize enzymes for
 

the production or absorption of required nutrients differs
 

with the animal's genotype. Variations among breeds and
 

strains of chickens in their nutrient requirements have been
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elucidated. Newkirk et al. (1993) demonstrated a strain
 

interaction affecting egg production when xylanase was added
 

to the diet. It is important to note that differences in
 

dietary requirements encompass not only nutrient quantities,
 

but the requirements for a nutrient class may differ as well
 

(Scott et al., 1982).
 

2) Other Biological Differences
 

The immunocompetence of individual animals may be a
 

factor when assessing the influence of a DFM (Miles, 1993).
 

Genetically dissimilar animals may respond differently to an
 

immunologic challenge. Sharaf et al. (1989) demonstrated
 

that genotype is a factor in determining the immune response
 

to vaccination in different strains of turkeys. A genotype
 

by dietary YC interaction has also been reported by Bradley
 

and Savage (1993, 1994) when evaluating the hatchability of
 

fertile eggs from three lines of Medium White turkey breeder
 

hens. Furthermore, Savage et al. (1993) have described a
 

genotype and dietary YC interaction for parthenogenesis in
 

turkey eggs. Interactions may also exist between a dietary
 

YC and diet composition (Williams et al., 1991).
 

Consequently, it would appear that some of the unexplained
 

variations observed when DFM are studied may be illuminated
 

as the interactions of genotype and environment are better
 

understood (Dawson, 1993b; Thomas Savage, 1993, Oregon State
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University, Withycombe Hall, Corvallis, OR 97331, personal
 

communication). Differing geographical locations have also
 

produced different responses when bacterial DFM were fed
 

(Miles et al., 1981). As more studies are conducted to
 

evaluate the interaction of DFM, genetics, nutrition and
 

management, the poultry industry will be able to utilize DFM
 

to more consistently improve the efficiency of the industry.
 

Heat Stress
 

Stress, in its various forms, alters the gut microbiota
 

and disrupts the normal balance of commensal microorganisms
 

(Miles et al., 1981). Consequently, the addition of DFM to
 

the feed would benefit the bird in providing a constant
 

inoculation of commensal microorganisms and additional
 

enzymes. There are published reports in the poultry
 

industry of contained economic loss due to stress in birds
 

fed diets containing DFM (Kung, 1992; Dawson, 1993a; Miles,
 

1993). Jones et al. (1993) demonstrated an improved
 

performance in broilers fed a DFM which were heat stressed
 

(41 C for 6 h) post-hatching and then inoculated with
 

Salmonella typhimurium. Research by Hughes and Jones (1987)
 

demonstrated that heat stressed laying hens maintained egg
 

production at a higher rate when fed diets containing 1.250
 

yeast culture.
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Feed Manufacturing Practices
 

Pelleting poultry rations at temperatures of 70 to 80 C
 

is common in the industry (Headen, 1992). Because the feed
 

pelleting process may inactivate the reproductive ability of
 

yeast cells (and has been proven to kill all bacterial DFM),
 

the practice of pelleting feeds may not be compatible with
 

DFM products (Risley, 1992b). Although yeasts are more able
 

than bacteria to survive adverse conditions, the pelleting
 

process does inactivate the reproductive capability of yeast
 

cells (Rose, 1988). The degree of inactivation is dependent
 

upon the yeast strain; its heat resistance; and the
 

temperature, humidity, and pressure used in the pelleting
 

process (Andrews, 1991; Lewis, 1991; Headen, 1992; Brown,
 

1993). It remains unclear as to whether the reproductive
 

viability of the yeast should be considered when evaluating
 

a yeast culture or whether the metabolic activity is the
 

only factor of real importance (Headen, 1992). Studies have
 

demonstrated that non-viable or "thoroughly dead" yeast
 

cells are still capable of enzymatic processes such as the
 

process of fermenting sugar into ethanol (Mathews and van
 

Holde, 1990b; Headen, 1992). In addition, studies with the
 

irradiation of yeast cells has also proven that enzymatic
 

activity is still intact even after the yeast has been
 

"killed" (Headen, 1992). For instance, the enzymes within
 

a yeast cell and the culture media (such as phytase) have
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been proven to retain as much as 8396 of their activity when
 

pelleted at 83.8 C even though the yeast cell has been
 

rendered reproductively inactivated. Phytase activity
 

declined substantially when the pelleting temperature
 

exceeded 83.8 C (Ward, 1993). To avoid this loss in
 

enzymatic activity, liquid products have been developed
 

which allow the effective application of the yeast culture
 

to the feed after the pelleting process (Ward, 1993). In
 

order to verify that the yeast DFM has been properly
 

applied, researchers have developed a DNA fingerprinting
 

procedure which detects the yeast DFM in finished feeds
 

(Moore and Headen, 1992; Moore, 1993).
 

Because the viability of the yeast DFM does not appear
 

to be as important as those of bacterial DFM (Gedek, 1987;
 

Headen, 1992), the pelleting of feeds containing yeast DFM
 

appears to be more efficacious. However, the yeast
 

culture's resistance to compression may affect the pelleting
 

quality of the feed (Bui and Galzy, 1990).
 

Feed Handling
 

1) Feed Storage
 

The manufacturer's recommendations should be closely
 

followed when using and storing DFM to ensure maximum
 

viability of the microorganisms. Viability of the
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microorganisms in the feed could be seriously impaired due
 

to prolonged or inappropriate storage conditions such as
 

exposure to high temperatures and humidity (Sainsbury,
 

1993) .
 

2) Feed Hydration
 

Yeast cultures should be stored in a cool, dry place to
 

prevent heat and moisture from activating the yeast. If the
 

yeast is allowed to activate, it may grow in the feed and
 

consequently utilize the feed's nutrients before the feed
 

can be fed to the animal (Muirhead, 1992; Jack Garrett,
 

1993, Diamond V Mills, Inc., P.O. Box 74408, Cedar Rapids,
 

IA 52407, personal communication).
 

Antimicrobial and DFM Interactions
 

The modes of action for both growth promoting
 

antibiotics and DFM are not clearly understood, however,
 

researcher have determined that trace elements such as
 

selenium inhibit yeast growth in concentrations above 100
 

AM. Consequently, it is difficult to predict the response
 

of animals when these feed additives and mineral supplements
 

are simultaneously included in the diet (Hinton, 1988;
 

Matthews and Webb, 1991). Many DFM are not compatible with
 

currently available antibiotics and anticoccidial drugs
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(Tortuero, 1973; Francis et al., 1978; Castaldo, 1991).
 

Poultry nutritionists must be aware of the information
 

available on possible interactions as well as encourage new
 

research in this area in order to better understand the
 

synergistic or antagonistic effects (Dawson, 1993b).
 

CHANGES IN INTESTINAL MORPHOLOGY DUE TO GUT MICROBIOTA
 

The ability of poultry to adapt through alterations in
 

the anatomical structure, metabolism, and overall
 

functioning of the intestine is affected by nutrients,
 

intestinal microbiota and other environmental changes
 

(March, 1979; Fethiere and Miles, 1987; Parker, 1991). The
 

intestinal environment may vary in the concentration of non-


digestible matter, available nutrients, and the number and
 

type of microorganisms present. For example, chickens with
 

normal gut microorganisms have heavier and longer digestive
 

tracts than germ-free birds. This difference is due in part
 

to a thickened intestinal wall caused by a larger lamina
 

propria and an increase in lymphatic tissues. Furthermore,
 

the pH of the duodenal contents and the enterocyte turnover
 

rate in chickens are higher when normal microbiota are
 

present (Scott et al., 1982; Fuller and Coats, 1983). Since
 

the intestinal tract is the single most demanding organ in
 

the body in terms of energy and protein requirements, a
 

small change in its demands or increase in its efficiency
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would greatly impact the overall performance of the bird
 

(Neutra, 1988; Chesson, 1991). The epithelial cells along
 

the entire length of the intestinal tract are constantly
 

adapting to the microorganisms in the lumen through altering
 

the morphology of the epithelial cells (Boedeker, 1984;
 

Chesson, 1991). Features and activities such as a smaller
 

brush border, increased microvillus area, increased crypt
 

depth, and greater mitotic activity have been attributed to
 

the presence of microorganisms in the gastrointestinal tract
 

(Fuller and Coats, 1983; Boedeker, 1984; Chesson, 1991).
 

Ultimately, this intimate contact may be either detrimental
 

or beneficial to the ability of the enterocyte to absorb the
 

required nutrients from the digesta (Fuller and Coats,
 

1983)
 .
 

Dietary Factors Influencing Gut Morphology
 

Ritz et a/. (1993) have reported that the mucosa of
 

the intestine responds to amylase supplementation by
 

increasing the mean villus length in the jejunal and ileal
 

regions (thus increasing the absorptive surface area) in
 

poults. Earlier results by Raudati et al., (1991) also
 

noted that some enzymes can enlarge segments of the
 

chicken's intestine. In contrast, dietary factors such as
 

fiber have not been shown to affect intestinal morphology in
 

poults (Vilaseca et al., 1993).
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Enhanced Immunocompetence
 

With the exposure of environmental microorganisms to
 

the epithelial surface of the intestines, the ability of the
 

turkey to respond defensively with a strong immune system is
 

critical. Microorganisms can gain entrance to the young
 

poult's intestine through various routes: oral, nasal, and
 

naval passages (Cox et a/., 1993). An important component
 

of the defense response is the ability of the intestinal
 

wall to adapt through stimulation of the gut-associated
 

lymphoid tissue (GALT). The GALT is composed of lymphocytes
 

surrounding the epithelial cells which can migrate and
 

defend against foreign substances (Neutra, 1988; Lillehoj,
 

1993). An increase in the GALT has been observed in a
 

preliminary study by Samuel Nahashon (1992, Oregon State
 

University, Withycombe Hall, Corvallis, OR 97331, personal
 

communication) following the incorporation of a bacterial
 

DFM in the diet of SCWL laying chickens. According to
 

several researchers (Gedek, 1987; Kung, 1992; Sainsbury,
 

1993), a benefit of adding DFM to the diet is to stimulate
 

the immune system.
 

When DFM are added to poultry diets, a mild
 

inflammation occurs in the intestinal wall resulting in the
 

stimulation of the immune system and a consequential
 

decrease in bird performance as the bird diverts more of its
 

nutrient resources to the immune system. As long as the DFM
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does not cause a significant pathological burden to the host
 

(through the production of toxins or by causing a lowering
 

of the enzymatic activity and absorbability of the
 

enterocyte), the state of eubiosis is beneficial to both
 

host and parasite (Gedek, 1987). To the contrary,
 

antibiotics have been shown to reduce the immune response
 

instead of enhancing it as would a DFM (Derieux, 1980).
 

POSSIBLE MODES OF ACTION
 

Increased Bioavailability of Nutrients
 

Before an animal's performance can be enhanced, the
 

animal's diet must be deficient in a required nutrient or
 

the bird must be in a pathologic state whereby its genetic
 

potential cannot be fully expressed. In these sub-optimal
 

conditions, a DFM or antibiotic can enhance the animal's
 

growth by increasing the bioavailability of feed ingredients
 

or decreasing morbidity due to pathogenic organisms. This
 

increased performance could also be due to a net increase in
 

absorbed nutrients, a sparing of nutrients by certain
 

related substances, or by nutrient repartitioning (Chesson,
 

1991). In addition, due to the absorptive properties of the
 

yeast cell wall, the yeast cells could absorb or chelate
 

nutrients such as zinc from the media during the
 

fermentation process. These concentrated micro-nutrients
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would consequently be available for absorption by the animal
 

or other intestinal microorganisms (Phillips and von
 

Tungeln, 1985; Rose, 1988; Hughes, 1990). Consequently,
 

increased availability of nutrients would perhaps lead to an
 

improved feed to gain ratio and greater body weights.
 

Evidence supporting this theory was reported by Madrigal et
 

al. (1993) who observed an increase in the efficiency of
 

feed utilization with the addition of a yeast DFM in the
 

diet of broilers.
 

Enhanced Reproductive Performance in Poultry
 

McDaniel and Sefton (1991) observed an increased
 

hatchability of fertile eggs when a YC was included in a
 

broiler breeder hen's diet. Although no mode of action was
 

discussed, it was thought to be associated with zinc
 

absorption. Studies conducted with Medium White turkey
 

breeder hens have demonstrated improved performance when YC
 

was added to the diet of select hen genotypes as previously
 

noted (Savage and Mirosh, 1990a,b; Hayat et al., 1993,
 

Bradley and Savage, 1994). To the contrary, Brake (1991)
 

observed no improvement in reproductive performance with
 

broiler breeders fed a dietary YC.
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Metabolic Activity of Yeast
 

1) Oxygen Scavenger
 

Yeast have a high affinity for molecular oxygen. This
 

oxygen-scavenging ability is much greater than any oxygen-


absorbing chemical catalysts (Rose, 1988). Consequently, as
 

yeast cells consume the oxygen present in the intestines,
 

the oxygen concentration in the gut is further reduced and
 

the proliferation of anaerobic bacteria is favored (Leeson
 

and Major, 1990). Anaerobic growth stimulation has been
 

shown experimentally by Harrison et al. (1988) where the
 

numbers of anaerobic and cellulolytic bacteria
 

concentrations were increased in cows fed diets containing
 

a YC.
 

2) Phytase Activity
 

Phytate is a well known natural anti-nutritional factor
 

present in the most common cereal grains used in poultry
 

rations. Phytate is the principal form of storage for
 

phosphate and inositol in most plant seeds. Some authors
 

refer to phytic acid and/or its salt (phytate) as an "anti

nutritional factor" because of its strong chelating ability.
 

This chelating action tightly binds nutrients such as
 

calcium, zinc, and copper in the gastrointestinal tract
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thereby reducing the availability of these nutrients to the
 

animal (Savage et al., 1964; Waldroup et al., 1964; Erdman,
 

1989; Cheeke, 1991; Power, 1993; Ward, 1993). In most feed
 

grains, only 30%- of the total phosphorus present is
 

available unless the feed is pre-soaked. Phytase functions
 

in the gastrointestinal tract and can remain active at high
 

temperatures (40 C) and in a wide pH range (Sooncharernying
 

and Edwards, 1993). The lack of intestinal phytase activity
 

is significant to the poultry industry because approximately
 

50-800 of the total phosphorus in a ration is bound as
 

phytic acid (Kung, 1992; Power, 1993; Ward, 1993). Calcium
 

and phosphorus content as well as the ratio of calcium to
 

phosphorus is important to the turkey industry because
 

imbalances or inadequate levels of these minerals have been
 

implicated as contributing to leg weaknesses such as tibial
 

dyschondroplasia (Brown, 1992; Stadelman, 1993).
 

The concept of nutrient management in relation to
 

poultry waste management is becoming acute since pollution
 

of soil and ground water is becoming a public and industry
 

concern (Barton, 1992; Malone, 1992). Nutrients of
 

importance in waste management are nitrogen and phosphorus.
 

Fortunately, enzymes (such as phytase) have the potential to
 

increase the bioavailability of minerals and other dietary
 

nutrients which decrease nutrient loss and potential
 

subsequent environmental pollution. Some of the enzymes
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that increase nitrogen retention include the phytases,
 

hemicellulases, and beta-glucanases (Patterson, 1993; Ward,
 

1993). In rations where the phytase enzymes have been used
 

(1,000 enzyme units per kg of diet), phytate phosphorus
 

utilization has been increased as much as 10% (Patterson,
 

1993; Ravindran et al., 1993). Thayer and Jackson (1975)
 

cited a study conducted in vitro by Kirby where he added a
 

10% yeast culture to finely ground corn and measured phytin
 

bound phosphorus. The yeast culture contained phytase
 

activity and as a consequence released 70% of the bound
 

phosphorus in 4 hours. Furthermore, 100% of the bound
 

phosphorus was released after 24 hours of fermentation at
 

37.7 C. Using this data, Mason (1974) estimated that the
 

phytase activity of 1.25% added yeast culture could replace
 

up to .15% of the available dietary phosphorus. He
 

stressed, however, that the yeast culture had to be capable
 

of active fermentation in the bird.
 

3) Increased Mineral Retention
 

Thayer and Jackson (1975) noted an improved performance
 

of breeder turkey hens fed phosphorus deficient diets that
 

contained a yeast culture. They concluded in a subsequent
 

study (Thayer et al., 1978) that the increased performance
 

was due to an enhanced utilization of dietary phytate
 

phosphorus due to the microbial phytase activity. The
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results obtained by Thayer et al. (1978) are especially
 

significant because breeder hen diets high in calcium, for
 

proper egg shell formation, inhibit phytase activity.
 

Microbial phytase from a dietary supplementation of a yeast
 

culture may be most beneficial to poultry where phytase
 

activity may be limited such as young poultry, breeder hens,
 

and developing embryos or birds being fed diets containing
 

high amounts of fiber or calcium (O'Dell et al., 1964; Ward,
 

1993). Guevara et al. (1977) demonstrated increased tibia
 

ash content when broiler chickens were fed diets low in
 

phosphorus and supplemented with a yeast culture (3%). The
 

increase in tibia ash content of birds supplemented with
 

yeast culture is significant since the normal microbiota of
 

the bird has little or no role in the utilization of phytate
 

phosphorus (Reddy et al., 1989). Benefits from phytate
 

destruction have been reported: calcium, zinc, copper,
 

iron, and manganese become more bioavailable through the
 

action of yeast phytase (O'Dell et a/., 1964; Savage et a/.,
 

1964; Scott, 1987; Erdman, 1989; Ward, 1993). Furthermore,
 

Erdman (1989) discovered that otherwise insoluble metal

phytate complexes formed in the gut are hydrolyzed by the
 

gut microbiota of rats at neutral pH and subsequently, the
 

absorption of calcium was increased. Erdman (1989) has also
 

discovered that baker's yeast is a rich source of phytase
 

and that bread leavened with yeast has a greater mineral
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digestibility in humans than do chemically leavened and
 

unleavened breads.
 

4) Increased Nitrogen Retention
 

Decreasing the amount of phytic acid in the digesta
 

reduces the protein-phytate complexes that are much more
 

resistant to proteolytic enzymes. Ward (1993) cites studies
 

conducted by Van der Klis and Versteegh in 1991, who
 

reported an increase of 21; nitrogen absorption in laying
 

hens when fed a microbial phytase supplement. Although 296
 

nitrogen retention is numerically small, the economic
 

savings to the poultry industry would be very large because
 

of increased feed efficiency and decreased nitrogen content
 

in poultry waste.
 

The quality of available protein to the bird is also an
 

important consideration since birds cannot produce
 

sufficient quantities of the indispensable amino acids
 

required for optimal growth. Phytate has an affinity for
 

the basic amino acids such as lysine, arginine, and
 

histidine which are among the ten indispensable amino acids
 

for poultry (Scott et al., 1982). Consequently, the
 

destruction of phytate may increase the absorption of these
 

important amino acids which are indispensable for poultry
 

(Ward, 1993). Skadhauge (1983) believes that the recycling
 

of uric acid nitrogen by microbes in the ceca could result
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in increased absorption of the synthesized amino acids and
 

free ions bound in the uric acid for possible resorption.
 

Further evidence by Nahashon et al. (1993) has demonstrated
 

increased nitrogen and calcium retention in Single Comb
 

White Leghorn laying hens fed diets containing a bacterial
 

DFM product. Increased nitrogen retention has also been
 

observed in horses supplemented with a YC (Glade and Biesik,
 

1986). Therefore, microbial phytase is a means of
 

increasing nutrient retention through the destruction of
 

phytic acid.
 

5) Increased Energy Utilization
 

The efficient utilization of dietary energy is an
 

aspect of poultry nutrition which needs to be improved.
 

Savage et al. (1985) reported decreased fat deposition in
 

market turkey hens fed a yeast culture may be attributed to
 

enhanced energy utilization. Charles et al. (1985) reported
 

that YC significantly improved growth rate and feed
 

conversion in broiler studies using various feed grade fats.
 

Tonkinson et al. (1965) also demonstrated an increased
 

utilization of dietary fat in laying hens when fed diets
 

containing 3% YC.
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Improved Intestinal Microbial Balance
 

1) Importance of Intestinal Microbial Balance
 

Soon after the poult hatches, a unique microbial
 

population becomes established on the poult's body parts
 

which are exposed to the external environment. These body
 

locations include the skin, feathers, the scales on the
 

feet, and the intestinal tract which has a large surface
 

area (Neutra, 1988). The microbial populations which are
 

quickly established on these areas depend entirely on the
 

organisms and their ability to propagate (Lev and Briggs,
 

1956; Phillips and von Tungeln, 1985). Under ideal
 

conditions where birds are reared by the parents, non

pathogenic microorganisms called "commensal microbiota"
 

become established first and keep transient pathogenic
 

microorganisms from establishing themselves. However, under
 

current (1993) management practices, birds are raised in
 

groups where all the birds are the same age. When stressed
 

by a sudden change in the environment (such as a different
 

feed or fluctuation in temperature), the animal and its
 

resident microbiota may be unable to adapt as quickly as the
 

transient or lower numbered pathogenic populations of
 

microbes (Wagner and Thomas, 1978; Phillips and von Tungeln,
 

1985). If these transient pathogenic bacteria are able to
 

reproduce, the bird may be subjected to disease. If this
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stress continues, the pathogenic bacteria will eventually
 

invade the host's internal environment gaining access to the
 

rest of the body through the blood or other body fluids
 

(Miles, 1993). After pathogens have gained access to the
 

bird's tissues, the danger exists for this contamination to
 

be spread to the human population via the eventual
 

consumption of the meat product (Dawson, 1993a; Miles,
 

1993). According to Stavric (1987), the establishment of
 

adult commensal microorganisms in the small intestine of
 

birds can occur in two weeks and up to four weeks in the
 

ceca. Preventing pathogenic microorganisms from
 

proliferating during this crucial time is important.
 

2) Increased Commensal Microorganisms
 

One aspect of improving the intestinal microbial
 

balance is not simply reducing the number of deleterious
 

bacteria, but increasing existing resident populations of
 

beneficial gut microorganisms (Gedek, 1987; Miles, 1993;
 

Sainsbury, 1993). A balanced microbial population is
 

essential to optimize the efficient utilization of the
 

nutrients in a feed (Lev and Briggs, 1956). According to
 

Dawson (1993a), one important aspect of feeding high
 

concentrate diets to ruminants is the prevention of a lactic
 

acid overload. Similar effects might also occur in the
 

bird's crop which is commonly fed high concentrate diets.
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For example, Fuller (1973, 1975, and 1977) observed a large
 

number of commensal bacteria in the crop such as
 

Lactobacillus acidophilus which adhere to the crop
 

epithelium and produce high levels of lactic acid. The
 

avoidance of excess levels of lactic acid in the crop may be
 

accomplished through the addition of a yeast DFM to the
 

feed. This DFM subsequently stimulates populations of
 

bacteria which can metabolize lactic acid with the
 

consequential stabilization of the pH in the crop. In
 

addition, the yeast's cell wall may also serve as a pH
 

buffer resulting in greater feed efficiency (Cartwright et
 

al., 1986).
 

3) Decreased Pathogenic Microorganisms
 

The importance of a well balanced microbiota within the
 

gastrointestinal tract of turkeys has been appreciated for
 

many years (Lev and Briggs, 1956; Miller, 1986a; Sweerczek,
 

1986). Thirty years ago, the poultry industry began to rely
 

on prophylactic and therapeutic uses of antimicrobial feed
 

additives in order to suppress disease and achieve an
 

increased efficiency of feed utilization. The major benefit
 

of these antimicrobial products is the control of pathogenic
 

microorganisms and the maintenance of certain beneficial gut
 

microorganisms (Roura and Klasing, 1993). It is possible,
 

however, that DFM could replace antibiotics as an
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alternative for growth promotion through control of
 

pathogenic bacteria (Hamilton and Proudfoot, 1991).
 

The control of pathogenic bacteria is especially
 

important during times of stress or when the birds are
 

young. To prevent the establishment of pathogenic
 

microorganisms during these critical times and in order to
 

maintain desired microbial populations, Miles (1993)
 

believes that a constant influx of non-invasive microbes,
 

such as those supplied by DFM, would prevent the transient
 

and low level pathogenic microbes from colonizing. In
 

support of this claim, Harrison et al. (1988) have
 

demonstrated that the addition of YC to the diets of cattle
 

decreases the variation in microbial concentrations within
 

the rumen. Piva (1984) has concluded that yeast cultures
 

indirectly reduce the numbers of Coliform and Enterococci
 

bacteria in the chicken's intestinal tract through the
 

stimulation of antagonistic bacteria towards those
 

pathogenic bacteria. This antagonism is brought on by
 

stimulating the numbers of Lactobacillus and Bacteroid
 

bacteria which in turn produce metabolic products such as
 

organic acids, short chain fatty acids, and bacteriocin.
 

Thus, the addition of the yeast culture indirectly affects
 

the containment of these Coliform and Enterococci pathogenic
 

groups. Studies conducted using turkey poults have also
 

shown an improved resistance to Colibacillosis with the use
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of a yeast DFM in the feed (Kumar, 1991). In addition,
 

Dawson (1993a) has observed that the yeast cell wall,
 

whether or not metabolically active, can bind to microbial
 

produced toxins within the lumen.
 

a) Competitive Exclusion
 

The skin and mucous membranes of the intestines and air
 

passages are among the most readily recognized forms of self
 

defense against pathogenic microbial invasion. Also of
 

great importance are the commensal microorganisms which
 

inhabit most exterior portions of the body (Weinack et al.,
 

1982; Snoeyenbos, 1989). Researchers have studied the
 

impact of oral administrations to chicks and poults at hatch
 

of microorganisms harvested from the excreta of adult
 

chickens and turkeys. This procedure has protected chicks
 

and poults from certain species of Salmonellae (Rantala and
 

Nurmi, 1973; Snoeyenbos et al., 1978; Bailey et al., 1988;
 

Stern et al., 1993).
 

The competitive exclusionary role of certain commensal
 

bacteria have prompted research on feeding supplemental DFM
 

products to compete with pathogenic microorganisms and
 

reduce their numbers (Kung, 1992). Commensal microorganisms
 

in the intestinal tract are in a delicate balance and DFM
 

are thought to maintain those populations (Risley, 1993).
 

Several studies have been conducted in an attempt to
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inoculate the young poult with L. acidophilus or L.
 

acidophilus-Streptococcus faecium combinations in order to
 

establish a quick colonization of the intestine with known
 

beneficial bacteria (Watkins and Miller, 1983; Chesson,
 

1991). Since S. faecium has been shown to be a significant
 

contributor to the commensal microbiota in poults and other
 

young poultry, a DFM of S. faecium (M-74) has been proven to
 

be effective in colonizing chick intestines, thereby
 

competing with the transient microbiota for adhesion cites
 

(Mican, 1976; Soerjadi et al., 1982; Owings et al., 1990).
 

In addition, Stern et a/. (1993) reported a reduction in the
 

colonization of Campylobacter jejuni in broilers by
 

inoculating them at hatch with an antagonistic culture of
 

microorganisms. Therefore, the reduction of undesired
 

microorganisms through competitive exclusion is a viable
 

alternative to antibiotics for the poultry industry.
 

b) Bio-film Formation
 

Data in support of DFM's ability to reduce the
 

colonization of deleterious bacteria as salmonella continue
 

to be gathered (Izat and Waldroup, 1990), however, further
 

research is required to establish which DFM have this
 

ability and their functions. One theory on a possible mode
 

of action suggests that the DFM become an integral part of
 

a barrier system known as a bio-film. Gedek (1987)
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discovered that a bio-film is developed which forms a
 

barrier between the lumen of the intestine and the
 

enterocyte. This bio-film is composed of a mucosal
 

secretion layer (also called the glycocalix) and physically
 

trapped bacteria which fill in the mesh of the supporting
 

structure. The glycocalix is composed mostly of mucin which
 

is secreted by intestinal epithelial cells known as goblet
 

cells. The secreted mucin consists of polypeptides with
 

oligosaccharide side-chains which are cross-linked by
 

disulfide bonds. This mucin may serve as a habitat and
 

nutrient source for the gut microbiota (Carlstedt-Duke,
 

1989; Savage, 1991; Miles, 1993). Although not well
 

understood, goblet cell numbers in the mucosa of germ-free
 

rats have been shown to be higher than in conventional rats
 

(Larson, 1989). It is very probable that as the microbiota
 

of the intestinal tract is altered through the use of DFM,
 

the gut ultrastructure will change to accommodate this new
 

microbial environment (Scott et al., 1982; Fuller and
 

Coates, 1983; Chesson, 1991).
 

c) Flocculation of Yeast Cells
 

Flocculation is the ability in some strains of yeast to
 

aggregate or bind to neighboring yeast cells when growth
 

conditions are unfavorable. In the intestinal tract of
 

poultry, ideal conditions for yeast growth do not occur and
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this may lead to yeast flocculation. Miles (1993) stated
 

that aggregation of microorganisms in the intestine may
 

prevent pathogens from securing access to adhesion receptor
 

sites by creating a physical barrier. If in the gut, yeast
 

cells were able to flocculate, this might aid in protecting
 

the microvilli by allowing the yeast to become an integral
 

part of the glycocalx. Consequently, yeast flocculation may
 

be an important factor in the mode of action of yeast DFM
 

fed to breeder hens receiving diets high in calcium. If in
 

fact flocculation is a factor in the mode of action of a
 

yeast DFM, the process associated with pelleting would not
 

inhibit this phenomenon and breeder diets with high
 

concentrations of calcium may enhance the flocculation of
 

yeast cells (Marshall, 1984).
 

d) Killer Systems of Yeast Cells
 

Many microorganisms have the capacity to not only
 

compete with other microorganisms, but also to interfere
 

with their growth and productivity through the production of
 

antibiotics (Savage, 1969). Yeast cells have killer systems
 

which destroy other strains of yeast and bacteria. These
 

killer systems can reduce the number of detrimental yeast
 

and bacterial organisms in the gastrointestinal tract of
 

birds supplemented with yeast DFM. The genes associated
 

with the production of the proteins involved with the killer
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system are replicated 10 fold when fermentation temperatures
 

exceed 36 C (Piper and Kirk, 1991; Wickner, 1991).
 

Consequently, these proteins would be produced in the
 

gastrointestinal tract because of the high (41.2 C)
 

environmental temperature present, thereby making it
 

possible for yeast DFM to reduce undesirable yeast strains
 

and bacteria through the production of these antibiotics
 

(Whittow, 1986; Slapack et a/., 1987; De Wilde, 1990).
 

e) Decreased Adhesion by Pathogens
 

Animals are affected by the adhesion of microorganisms
 

to the epithelial surfaces of the body (Savage, 1985).
 

Factors which inhibit the adhesion of certain pathogenic
 

bacteria to the luminal wall also affect the hosts
 

performance. One of these factors is the presence of
 

lipopolysaccharides which has been shown in vitro to reduce
 

bacterial cell surface hydrophobicity, thereby decreasing
 

the adhesion of S. typhimurium to inanimate objects
 

(Marshall, 1984). In vivo work by Oyofo et a/. (1989a,b)
 

has demonstrated that S. typhimurium was prevented from
 

colonizing the intestines of broilers fed d-mannose. This
 

observation is significant because there are large amounts
 

of mannans and glucans in the walls of yeast cells. These
 

carbohydrates are largely unavailable to the turkey and most
 

other livestock, however, they may be utilized by some
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bacteria and may also prevent the adhesion of certain
 

pathogenic bacteria (Bui and Galzy, 1990). Although the
 

precise mode of antibacterial action is unclear, a
 

combination of microbiota which include yeast and fungi have
 

indeed demonstrated antagonistic abilities toward such
 

potentially pathogenic bacteria as E. coil, S. enteritidis,
 

and S. typimurium.
 

3) Yeast Enzymes
 

The yeast, S. cerevisiae, is known for its enzymatic
 

ability to synthesize various products--collectively
 

referred to as biotranformations (De Mot, 1990; Nikolova and
 

Ward, 1992). One such biotransformation is the
 

manufacturing of certain enzymes in the laboratory which are
 

produced under strict conditions, harvested separately from
 

the yeast, and sold as enzyme supplements. The enzymes and
 

inactive dried yeast cells are then sold as health
 

supplements for humans and supplemental feed ingredients for
 

animals, respectively (Johnson, 1977; Tsiomenko et a/.,
 

1987; Bentley, 1989). However, the enzyme-producing
 

industry is changing because of the long and costly
 

processes currently required to gain FDA approval of enzyme
 

health supplements. Many manufacturers market their enzyme
 

supplements as DFM and provide a guarantee on the enzymatic
 

activity of their product in order to avoid the costly and
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time consuming FDA approval process (Classen, 1992;
 

Gonzalez, 1993).
 

The addition of enzymes to the feed or water of poultry
 

is becoming a refined practice since birds may produce
 

insufficient quantities of endogenous enzymes, or lack
 

needed enzymes to efficiently utilize certain dietary cereal
 

grains. Under ideal conditions of minimal stress, the
 

turkey could produce sufficient quantities of endogenous
 

enzymes to absorb the required nutrients from high quality
 

diets. Under current poultry management practices, however,
 

stress is unavoidable. As a consequence, the birds are
 

unlikely to produce sufficient endogenous enzymes for
 

optimal efficiency. Stanley et a/. (1993), for example,
 

have shown that the suppression of body weight and improper
 

organ development in chicks fed diets containing 5 ppm
 

aflatoxin was eliminated by including .10 of a yeast DFM (S.
 

cerevisiae) in the diet. This improved performance was also
 

accompanied by increased serum enzymatic activities (alanine
 

transaminase, creatine phosphokinase, and aspartate
 

aminotransferase) in birds fed the yeast DFM. Mycotoxin
 

concentrations in feedstuffs are variable and may account
 

for variations in performance as well as response to yeast
 

DFM products (Thompson, 1993). Microbial challenges from
 

the environment are also capable of creating stress that can
 

affect the commensal microorganisms which aid in the
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digestive and absorptive processes. Consequently, it is
 

possible to counteract these problems and optimize bird
 

health and feed efficiency by including both the microbial
 

enzymes and DFM products (combined) in the feed. The
 

inclusion of DFM enzymes may be exploited where alternative,
 

low-quality energy sources such as wheat, sorghum, and
 

barley are used in poultry rations to counteract the
 

antinutritional factors associated with these grains
 

(Classen, 1992).
 

Gonzalez (1993) has shown an improved utilization of
 

poor quality forages when yeasts (S. cerevisiae and A.
 

oryzae) were added to the diets of cattle and sheep. In
 

addition, Potter et al. (1991) recently fed a-amylase,
 

xylanase, pectinase, and a protease to Large White male
 

turkey poults receiving diets containing 24% crude protein
 

and noted an increased weight gain from day-old to 5 weeks
 

of age. These results indicate that exogenous sources of
 

enzymes from direct or indirect sources (DFM) may provide
 

increased performance when limiting nutrients are released
 

through enzymatic activity and absorbed by the bird. One of
 

the proposed modes of action of a dietary YC is thought to
 

be the production of enzymes such as amylases, proteases,
 

and lipases by the yeast cells in the intestinal tract or
 

the enzymes may already be present in the YC product. Some
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manufacturers provide guaranteed enzyme activities with
 

their DFM products (Muirhead, 1992).
 

The yeast, S. cerevisiae, produces: amylase,
 

invertase, maltase isomaltase, enolase, phytase, aldehyde
 

dehydrogenase, a- glucosidases, and glucoamylases. In
 

addition, yeast cells also demonstrate lipolytic activity
 

(Tsiomenko et al., 1987; De Mot, 1990; Antranikian, 1992).
 

The production of these extracellular and intracellular
 

enzymes is dependent upon the yeast's genetics and the
 

environment in which the yeast was cultured (Schaaff et al.,
 

1989). Specific enzymes can be produced industrially from
 

carefully selected or genetically engineered yeast (Hutter
 

and Niederberger, 1986; Finkelman, 1990; Brearley and Kelly,
 

1991; Wiseman, 1991). The environment may also be altered
 

in order to produce the preferred enzymes or other products.
 

For example, yeast produces u-glucosidase optimally at a
 

temperature of 42 C and a pH of 6.3 while glucoamylases are
 

produced more abundantly at 25 C and the optimal pH is
 

unknown. Furthermore, yeast enzymes are very specific with
 

respect to their substrate as opposed to bacterial or fungal
 

enzymes (Tsiomenko et al., 1987; Slapack et al., 1987;
 

Antranikian, 1992).
 

Cartwright et al. (1986) demonstrated that yeast cell
 

walls exhibit a buffering capacity which could aid in pH
 

maintenance within the intestine. This is significant
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because the pH of the yeast cell's environment is critical
 

to understanding the cell's activities (Lyons, 1990). To
 

maintain optimal growth of yeast cells, the pH is maintained
 

at 4.5 even though the intracellular pH of the yeast cell is
 

approximately 6.5. The intracellular pH would indicate that
 

endogenous metabolic enzymes function best at a pH of 6.5.
 

The proteins and enzymes associated with the transport of
 

nutrients into the yeast cell, as well as cell wall
 

synthesis, however, function optimally around pH 4.5. When
 

yeast cells are grown at a pH other than the optimum, cell
 

replication is slowed. At a suboptimal pH, the cells
 

produce: nucleotides, amino acids, vitamins, and lytic
 

enzymes (Peppler, 1982; Williams, 1989). Normally, these
 

compounds would be incorporated into new cells, but when
 

normal growth is impaired, they are excreted to the external
 

environment. When yeast cells are grown in a high pH
 

environment, the cells synthesize enzymes which catalyze the
 

hydrolysis of the yeast's cell wall. The resulting
 

hydrolysis causes destruction of the cells and their
 

subsequent population decrease within the gut. The
 

consequences of cell lysis within the alimentary canal
 

include the release of proteins, polysaccharides, and lipids
 

into the lumen. Under these conditions, important nutrients
 

would then be available to both the host as well as other
 

microorganisms in the intestinal tract (Rose, 1988). This
 



67 

may explain the increased cellulytic bacterial populations
 

observed when YC is added to the diets of ruminants
 

(Wiedmeier et al., 1987).
 

4) Increased Palatability
 

Yeast cultures in the ration of animals are thought to
 

enhance feed palatability. This concept is not surprising
 

because extracts and hydrolysates of yeast have been used as
 

flavor-enhancing agents and condiments in human foods (Oura
 

et al., 1982). The main flavor-enhancers are nucleic acids,
 

nucleotides, and glutamic acid which are produced by the
 

yeast are therefore present in the YC medium (Rose, 1988).
 

The concept of yeast as flavor-enhancers is receiving
 

interest within the poultry industry as the awareness of
 

taste perception by the fowl is being recognized. According
 

to Appleby et al. (1992), the fowl has a well developed
 

sense of taste having between 350 and 500 taste buds. In
 

addition, birds do not like acidic or bitter flavors and
 

unlike mammals, will reject saline solutions. Sweet flavors
 

are also unappealing to fowl. However, the enzymes and
 

"nutrilites" contained and produced by the yeast which are
 

maintained in the yeast culture may stimulate appetite
 

through increasing saliva production (Martin, 1992; Risely,
 

1992a; Jack Garrett, 1993, Diamond V. Mills, Inc., P.O. Box
 

74408, Cedar Rapids, IA 52407, personal communication).
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Studies by Cantor et al. (1983) have revealed that poults
 

possess the ability to distinguish between corn-soy diets
 

with or without 2.5%- yeast culture. In these diets, poults
 

preferred the diet containing the yeast culture over the
 

diet without the YC after having consumed the diets for one
 

week. More research is needed to provide evidence of the
 

effect of YC on ration palatability for poultry.
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ABSTRACT
 

A study was conducted to determine the effects on
 

nutrient utilization in turkey poults fed a diet containing
 

an autoclaved yeast culture (YC). Isonitrogenous and
 

isocaloric diets consisting of corn-soy (CS, control), CS +
 

YC (1% XP yeast cultures, Saccharomyces cerevisiaen), Diamond
 

V. Mills, Inc., Cedar Rapids, IA) or CS + 1% autoclaved YC
 

(CS + AYC; autoclaved at 121 C and 12 psi for 35 min) were
 

fed to poults from 1 to 28 days of age (DOA). One hundred
 

and twenty Wrolstad Medium White poults were randomly
 

assigned to 24 battery cages (5 poults per cage, 8 cages per
 

diet) at day old. Poults were fed diets containing .30
 

chromic oxide from 21 to 28 DOA. Feed and fecal samples
 

were collected between days 26 and 28 and analyzed for gross
 

energy (GE), nitrogen (N), calcium (Ca), phosphorus (P),
 

boron (B), copper (Cu), iron (Fe), potassium (K), magnesium
 

(Mg), manganese (Mn), and zinc (Zn).
 

Increased (P.05) utilization of GE, dietary Ca, N, P,
 

B, K, Mg, and Mn were observed only in poults fed the CS +
 

YC diet when compared to the CS and CS + AYC diets. These
 

results indicate that autoclaving impairs the ability of the
 

YC to increase the utilization of selected nutrients in
 

poults at 28 DOA.
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INTRODUCTION
 

The results of incorporating a yeast culture (YC) into
 

poultry diets have produced differing responses. Feeding a
 

YC to market turkeys was reported by Brewer (1983) to have
 

no effect. Similarly, Brake (1991) reported no effects in
 

broiler breeder hens fed diets supplemented with a YC or
 

differences in subsequent progeny performance. To the
 

contrary, other investigators have reported beneficial
 

effects of feeding a YC to select lines of turkey breeder
 

hens (Savage and Mirosh 1990a,b; Hayat et a/.,1993; Bradley
 

and Savage, 1993).
 

Thayer et al. (1978) noted an improved P utilization in
 

breeder turkey hens fed diets supplemented with a YC and
 

attributed this effect to the activity of a YC containing
 

phytase. Approximately 700 of the P contained in plant
 

seeds is in the form of phytate which is nutritionally
 

unavailable to poultry. This lack of P availability has
 

been attributed to the absence of phytase within the
 

gastrointestinal tract of poultry (NRC, 1984; Perney et al.,
 

1993). The strong chelating ability of the phytate molecule
 

also reduces the bioavailability of Ca, Fe, Mn, Cu, Zn,
 

protein, and energy which results in higher nutrient
 

requirements (O'Dell et al., 1964; Savage et a/., 1964;
 

Scott et al., 1982; Scott, 1987; Erdman, 1989; Reddy et al.,
 

1989; Power, 1993; Ward, 1993). Consequently, these higher
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amounts of dietary nutrients, concomitantly increase the
 

nutrients excreted which exacerbates fecal waste management
 

(Scott et al., 1982; Perney et al., 1993; Ward, 1993). The
 

degradation of phytate by the production of microbial
 

phytase in the intestinal tract is a key factor in the
 

capacity of poultry to utilize the chelated phytate
 

nutrients (Nelson et a/., 1968; Thayer and Jackson, 1975;
 

Scott et al., 1982; Muirhead, 1992; Stanley et al., 1993).
 

A concern in supplementing poultry feeds with YC is the
 

decreased activity of the yeast which occurs when feeds are
 

pelleted. Headen (1992) reported that following heat
 

treatment of a YC (70 C for 15 min), the yeast's metabolic
 

activity (measured as gas production) was unaffected. When
 

higher temperatures were used (90 C) for the same amount of
 

time, the metabolic activity was reduced 40 percent. It
 

remains unclear whether the metabolic activity can be
 

completely inactivated when the YC is subjected to adverse
 

conditions (Mathews and van Holde, 1990). Consequently, the
 

objective of the present study was to determine the effect
 

of feeding a turkey starter diet supplemented with
 

autoclaved YC on body weight, feed to gain ratios, and the
 

nutrient retention of gross energy (GE), nitrogen (N),
 

calcium (Ca), phosphorus (P), boron (B), copper (Cu), iron
 

(Fe), potassium (K), magnesium (Mg), manganese (Mn), and
 

zinc (Zn) in poults between 1 and 28 days of age (DOA).
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MATERIALS AND METHODS
 

One hundred and twenty straight run day-old Wrolstad
 

Medium White poults (L-line; Hales et al., 1989) were
 

randomly assigned (5 poults per cage) to 24 battery cages
 

with raised wire floors and wing banded for identification.
 

All birds were reared in a common room with continuous light
 

(24L:OD). Feed and water were provided ad libitum, and the
 

poults were weighed individually at 1 and 28 DOA. Feed
 

consumptions were measured by cage for the 28 d period and
 

the feed:gain ratios calculated. A mash corn-soy turkey
 

starter diet (Table III.1) formulated to meet the NRC's
 

nutrient requirements (NRC, 1984) was divided into three
 

equal portions. The first portion served as the control
 

diet (CS). Either 1% YC (XP yeast culture°, Saccharomyces
 

cerevisiae', Diamond V. Mills Inc., Cedar Rapids, IA), or
 

1% autoclaved yeast culture (AYC) was added to the two
 

remaining portions of the starter diet (CS + YC and CS +
 

AYC), respectively. The YC was autoclaved at 121 C with 12
 

psi for 35 min. There were 8 cages of poults fed each diet.
 

Nutrient retentions were determined by the addition of
 

chromic oxide (.3%) as an inert feed marker to each of the
 

three experimental diets and fed to the poults from 21 to 28
 

DOA. Chromic oxide passes through the digestive system
 

unabsorbed and chemically unchanged which allows the
 

relative concentrations of chromic oxide in the feed and
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feces to be used in calculating the amount of feces derived
 

from a given amount of feed (Scott et a/., 1982). Fecal
 

samples from each cage were collected for three consecutive
 

days (26 to 28 DOA), homogenized, and dried in a forced air
 

oven at 26.6 C for 24 h. Dried samples from the 3 daily
 

collections were pooled by cage and ground in a Wiley mill
 

(Arthur H. Thomas Co., Scientific Apparatus, Philadelphia,
 

PA) equipped with a 60 mm mesh screen. The ground samples
 

were then stored at -2.2 C until analyses.
 

Chemical analyses
 

Three samples of feed and feces were randomly selected
 

from each of the 8 cages per treatment and the samples were
 

analyzed for GE, N, Ca, P, B, Cu, Fe, K, Mg, Mn, and Zn.
 

The gross energies of the 3 feed and fecal samples were
 

determined using an adiabatic oxygen bomb calorimeter (Parr
 

Inst. Co., Moline, IL) according to procedures outlined by
 

the Association of Official Analytical Chemists (AOAC, 1980)
 

and the GE of each diet calculated (Scott et a/., 1982).
 

The N content was measured using a Kjeldahl procedure (AOAC,
 

1980)
 .
 

Each of the feed and fecal samples was also analyzed
 

for chromium using acid digestion followed by a
 

spectrophotometric analysis described by Czarnocki et al.
 

(1961). The concentrations of Ca, P, B, Cu, Fe, K, Mg, Mn,
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and Zn were quantitated using an Inductively Coupled Argon
 

Plasma Analyzer (Thermo Jarrell Ash Model 9000, 8 East
 

Forage Parkway, Franklin, MA) in accordance with the
 

instrument's operations protocol.
 

The percent retentions of each nutrient from the
 

three diets were calculated according to Edwards and Gillis
 

(1959) .
 

Statistical analysis
 

Twenty-eight day body weights, weight gains, feed to
 

gain ratios, and calculated percentage retentions of GE, N,
 

Ca, P, B, Cu, Fe, K, Mg, Mn, and Zn were analyzed by one-way
 

ANOVA using the General Linear Models procedure of SAS°
 

(SAS Institute, 1988). Data were summarized on a straight-


run sex basis and the cages of birds were used as the
 

experimental units. Values determined to be significant
 

were separated using the Protected Least Significant
 

Difference test (SAS, 1988).
 



99 

RESULTS AND DISCUSSION
 

Body weights, periodic weight gains, and feed to gain
 

ratios of poults (1 to 28 DOA) fed diets without and with
 

the 1% YC or 1% AYC are summarized in Table 111.2. The sex
 

of each poult was determined at the conclusion of the study
 

and there were no differences (P>.05) in sex ratios between
 

dietary treatments. Furthermore, no differences in body
 

weights, or weight gains were observed between sexes. There
 

were also no differences in body weights, weight gains, or
 

feed to gain ratios of straight-run poults among the three
 

dietary treatments at 28 DOA.
 

The percent retentions of GE, N, Ca, P, B, Cu, Fe, K,
 

Mg, Mn, and Zn of poult diets without (CS) or with either YC
 

or AYC are summarized in Table 111.3. The addition of 1% YC
 

to the CS diet (CS + YC) increased the percent retentions of
 

GE (P<.03), N (P<.005), Ca (P<.05), P (P<.05), B (P<.01), K
 

(P<.004), Mg (P<.004), and Mn (P<.05) when compared to
 

poults fed either the CS or CS + AYC diets. The addition of
 

YC or AYC to the control diet did not influence the
 

retention of Cu, Fe, or Zn. Autoclaving the YC prior to its
 

incorporation in the feed impaired its ability to affect
 

nutrient retentions.
 

Increased efficiency of energy utilization in diets
 

containing a YC have been reported by other investigators
 

(Tonkinson et a/., 1965; Charles et al., 1985; Savage et
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a/., 1985) and were confirmed in the present study. The
 

increased N retention in poults supplemented with YC in this
 

experiment also support similar results by Glade and Biesik
 

(1986) who noted an increased N retention when a YC was
 

added to the diet of yearling horses. Ward (1993) cited
 

studies conducted by Van der Klis and Versteegh in 1991, who
 

reported an increased N absorption of 296 in laying hens fed
 

a microbial phytase supplement. Although the percent
 

retention of N was small, the economic savings to the
 

poultry industry would be substantial due to increased
 

nutrient utilization and the subsequent decrease of N in the
 

excreta. The increased retention of N may also be a result
 

of uric acid recycling in the ceca of poultry by
 

microorganisms. Skadhauge (1983) has hypothesized that the
 

amino acids synthesized by the microbes in the ceca of
 

poultry, as well as valuable ions, may be absorbed from the
 

digested uric acid.
 

Nahashon et a/. (1993) demonstrated an increased N and
 

Ca retention in SCWL laying hens fed diets containing a
 

direct-fed microbial (DFM) product of bacterial origin.
 

Increased mineral retention were also demonstrated by
 

Guevara et al. (1977) as an increased tibial ash content in
 

broilers fed diets deficient in P and supplemented with 30
 

YC. The results of this experiment confirmed those
 

findings. The increased tibial ash content of birds
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supplemented with yeast culture is significant since the
 

normal microbiota of the poultry have little or no role in
 

the degradation of phytate (Reddy et al., 1989). Thayer et
 

al. (1978) attributed the increase of P utilization in
 

turkey breeder hens to the presence of YC which facilitated
 

a more efficient utilization of phytate P. Consequently,
 

the results of this and other studies suggest that phytase
 

activity from the YC is active in the degradation of phytate
 

in the gastrointestinal tract of poultry (Scott, 1987).
 

The increased retention of K observed in this study may
 

be related to the improved performance of animals
 

supplemented with YC in times of stress (Miles and
 

Bootwalla, 1991; Miles, 1993). According to Scott (1987),
 

K is an important nutrient in turkey production and its
 

requirement is increased in times of stress. Although the
 

retention of Mn is not as crucial in turkey production, the
 

increased retention of Mn observed in this study is
 

significant because the absorption of Mn is important for
 

the prevention of "hock disorders" in turkeys (Scott, 1987).
 

Although the use of yeast, yeast extracts, and yeast
 

cultures in the feed industry has been sporadic over the
 

last forty years, the incorporation of yeast into poultry
 

diets may provide environmental and economic advantages. In
 

the present study, increased (P<.05) retentions of percent
 

GE, N, Ca, P, B, K, Mg, and Mn were only observed in the
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diet supplemented with 1% YC while the addition of 1% AYC
 

did not affect nutrient retention. These findings suggest
 

that improved nutrient retentions may be due to the
 

additional phytase activity which can be adversely affected
 

by subjecting YC to high temperatures (Ward, 1993) and
 

pressure (autoclaving). Consequently, the practice of
 

pelleting feeds may reduce the phytase activity associated
 

with YC products and subsequently reduce the YC's ability
 

to improve nutrient retention. These findings also suggest
 

that the application of yeast or yeast cultures with phytase
 

activity to poultry diets can also reduce the requirement
 

for total dietary GE, N, Ca, P, B, K, Mg, and Mn and
 

decrease waste disposal challenges currently facing the
 

poultry industry by subsequently reducing nutrients in the
 

excreta (Wenk and Messikommer, 1991; Wyatt, 1992; Cole,
 

1993)
 .
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Table 111.1. Composition of mash turkey starter diets without (CS,
 

control) and with 1% yeast culture (CS + YC) and 1% autoclaved yeast
 
culture (CS + AYC)
 

Ingredients and analysis CS CS + YC CS + AYC
 

()
 

Corn, yellow (8.9% CP) 41.63 41.21 41.21
 

Yeast culture' (12% CP) 1.00 ...
 

Yeast culture, autoclaved2 ... 1.00
 

Soybean meal (46% CP) 47.18 46.71 46.71
 

Meat and bone meal (50% CP) 6.00 5.94 5.94
 

Limestone flour .75 .74 .74
 

Fat, poultry blend 1.70 1.68 1.68
 

Monocalcium phosphate 1.90 1.88 1.88
 
(16% Ca, 21% P)
 

Salt, iodized .10 .10 .10
 

Vitamin premix' .30 .30 .30
 

Trace mineral premix" .05 .05 .05
 

L-lysine (78.4 %) .15 .15 .15
 

DL-methionine (98 %) .19 .19 .19
 

Coban -60® premix5 (132 g/kg) .05 .05 .05
 

Calculated analysis
 

CP 27.90 27.94 27.94
 

ME, kcal/kg 2,837 2,835 2,835
 

Ca 1.53 1.53 1.53
 

Available P .71 .72 .72
 

Analyzed6
 

CP 27.05 27.40 27.32
 

1 XP yeast culture ®, Diamond V. Mills Inc., Cedar Rapids, IA.
 
2 XP yeast culture ®, autoclaved at 121 C under 12 psi for 35 min.
 

Supplied per kilogram of diet: vitamin A, 17,220 IU;
 
cholecalciferol, 6,660 ICU; vitamin E, 30 IU; vitamin 13,2, 0.006 mg;
 
riboflavin, 12 mg; niacin, 115 mg; d-pantothenic acid, 32 mg; menadione
 
bisulfite, 2 mg; folic acid, 0.9 mg; pyridoxine, 3 mg; thiamine, 1.5 mg;
 
biotin, 0.11 mg; choline, 2,500 mg.
 

4 Supplied per kilogram of diet: Mn, 160 mg; Zn, 150 mg; Fe, 120
 
mg; Cu, 135 mg; I, 1.5 mg; Se, 0.3 mg.
 

5 Gratuitously provided by Elanco Inc., Indianapolis, IN.
 
6 Kjeldahl analysis.
 

3
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Table 111.2. Twenty-eight day body weights, weight gains and feed to
 
gain ratios of poults1 fed corn-soy diets without (CS) and with 1%- yeast
 
culture2 (CS + YC) or 10 autoclaved' yeast culture (CS + AYC) from 1 to
 
28 days of age 

Diet Body weight Weight gain Feed:gain 

(g) (g:g) 

CS 591 539 1.65 

CS + YC 575 526 1.70 

CS + AYC 565 515 1.71 

SEM 11 11 .02 

Source of Probabilities
 
variation
 

Diet NS NS NS
 

Straight-run poults.
 
2 XP yeast culture®, Saccharomyces cerevisiaexP, Diamond V. Mills
 

Inc., Cedar Rapids, IA.
 
3 XP yeast culture®, autoclaved at 121 C under 12 psi for 35 min.
 



Table 111.3. Retention of GE, N, Ca, P, B, Cu, Fe, K, Mg, Mn, and Zn in poults1 fed corn-soy (CS) diets
 
without (CS) and with 1% yeast culture2 (CS + YC) or 1% autoclaved' yeast culture (CS + AYC) at 28 days of
 
age
 

Diet GE N Ca P B Cu Fe K Mg Mn Zn
 

( % ) 

CS 66.7b 72.8b 63.7b 62.3b 40.5b 55.4 40.3 51.4' 50.5b 39.6b 42.2
 

CS + YC 73.9a 79.3' 72.4a 69.7a 53.1a 65.2 52.4 60.4a 60.0a 54.0a 46.8
 

38.6b 55.8 36.0 50.7b 49.3b 42.3' 36.9
CS + AYC 65.3b 72.0b 63.4b 61.4b
 

2.0 2.2 3.2 4.6 1.3 1.4 3.4 6.8
SEM 1.9 1.0 2.4
 

Probabilities
 
variation
 
Source of
 

Diet .03 .005 .05 .05 .01 NS NS .004 .004 .05 NS
 

1 Straight-run poults.
 
XP yeast culture®, Saccharomyces cerevisia&1', Diamond V. Mills Inc., Cedar Rapids, IA.
 

3 XP yeast culture ®, autoclaved at 121 C under 12 psi for 35 min.
 
",b Means within a column with no common superscripts differ significantly (P<.05).
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ABSTRACT
 

Two experiments were conducted to determine the effects
 

of feeding turkey breeder hens of different genotypes a diet
 

containing .5% yeast culture (YC) and its effect on pre-


incubation egg storage duration (Experiment 1, eggs stored
 

0-7 and 8-14 days; Experiment 2, eggs stored 0-4, 5-9, and
 

10-14 days), hen reproductive performance, and the
 

hatchability of fertile eggs.
 

Wrolstad Medium White turkey hens, representing three
 

distinct genetic lines, Low (L), High (H), and Cross (C),
 

were fed pelleted 15.4% CP corn-soy breeder diets without or
 

with .5% YC (XP yeast culture®, Saccharomyces cerevisiae',
 

Diamond V. Mills Inc., Cedar Rapids, IA).
 

Results of Experiment 1 indicated that early embryonic
 

mortality (Days 0-10) of eggs stored from Days 0-7 was
 

reduced (P<.01) in the three lines when supplemental YC was
 

provided in the breeder hen's diet. Hatch of fertile eggs
 

was increased (P<.02) in the line C eggs stored from
 

Days 0-7 prior to incubation and there was a significant
 

(P<.04) genotype-dietary YC interaction.
 

Results of Experiment 2 were similar to those in
 

Experiment 1, early embryonic mortality was reduced in eggs
 

stored from Days 5-9 in lines H and C. Significant
 

genotype-dietary YC interactions were noted for egg storage
 

times of Days 5-9 (P<.05) and 10-14 (P<.04). A genotype
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dietary YC interaction (P<.01) was also observed when the
 

hatch of fertile eggs was increased in eggs stored from Days
 

5-9 in lines H and C but not in line L. These results
 

indicate that the breeder hen's genotype and duration of
 

pre-incubation egg storage time are factors to be considered
 

when feeding diets containing a YC to turkey breeder hens.
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INTRODUCTION
 

One of the current challenges facing the poultry
 

industry centers around improving reproductive efficiency.
 

To meet this challenge and maintain efficient feed
 

utilization, the practice of incorporating antimicrobials or
 

other natural products known as "direct-fed microbials"
 

(DFM) into animal feeds has been exercised (Kung, 1992).
 

Currently, DFM products contain bacteria, yeast, or a
 

combination thereof in dry or liquid forms (Muirhead, 1992).
 

Yeast cultures (YC) are a unique form of DFM which contain
 

viable yeast cells, metabolites, and the media on which the
 

yeast cells were grown (Miles and Bootwalla, 1991).
 

Research findings regarding the effects of
 

incorporating a YC into poultry diets have been
 

inconsistent. Thayer et al. (1978), Brewer (1983), and
 

Brake (1991) reported no effect of dietary YC in balanced
 

turkey and chicken diets. In contrast, other studies have
 

described improved fatty acid digestibility (Tonkinson et
 

a/., 1965), reduced abdominal fat content (Savage et al.,
 

1985), enhanced feed efficiency (Day, 1977), improved
 

internal egg quality (Miles and Bootwalla, 1991), and
 

increased organic phosphorus utilization in chicken and
 

turkey hens (Thayer and Jackson 1975; Thayer et al., 1978).
 

More recently, specific studies have shown that YC can
 

influence turkey breeder hen and egg hatchability traits
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(parthenogenetic development, fertility, and hatchability)
 

in specific lines (Savage and Mirosh 1990 a,b; Hayat et al.,
 

1992; Bradley and Savage, 1993; Savage et al., 1993). Hayat
 

et al. (1993) reported that the beneficial effect of feeding
 

a dietary YC to turkey hens may be influenced by the bird's
 

genome and recommended further studies.
 

Hatchability of fertile eggs declines as the length of
 

egg storage time prior to incubation is extended (Landauer,
 

1967). That decline in the hatchability is also influenced
 

by the hen's genotype (Yoo and Wientjes, 1991). Improved
 

management practices including the hen's diet may increase
 

the hatchability of eggs which otherwise could not withstand
 

extended pre-incubation egg storage. In a preliminary
 

report, Bradley and Savage (1993) demonstrated that
 

supplementation of a turkey breeder hen's diet with a YC
 

influenced the hatchability of eggs stored for an extended
 

period of time.
 

This report describes two experiments conducted to
 

verify the findings of Hayat et al. (1993) that the
 

reproductive effects resulting from supplementing a turkey
 

breeder hen's diet with .51,- YC are mediated by the hen's
 

genotype. Further, that feeding of a YC can influence the
 

effect of pre-incubation storage on subsequent hatchability.
 



116 

MATERIALS AND METHODS
 

Management Procedure
 

Three lines of Wrolstad Medium White turkey hens from
 

consecutive generations of a divergent selection program for
 

semen ejaculate volumes, Low (L) and High (H) (Hales et a/.,
 

1989) and a reciprocal line cross (C; Hayat et al., 1993)
 

were used in two experiments. (1 and 2) conducted in
 

consecutive years, 1992 and 1993, respectively. The bird
 

management and feeding programs from day of age to 30 weeks
 

of age (WOA) and facilities used have been previously
 

described (Hayat et al., 1993). In experiment 1, the line
 

C poults were hatched 2 weeks later than lines L and H. The
 

same formulated breeder hen diets were fed in both
 

experiments and were calculated to be isonitrogenous and
 

isocaloric without and with .5% yeast culture (XP yeast
 

culture°, Saccharomyces cerevisiae", Diamond V. Mills Inc.,
 

Cedar Rapids, IA), Table IV.1. The feeds were mixed every
 

four weeks to insure quality.
 

In Experiment 1, hens were randomly assigned to 20 pens
 

(n=9 hens per pen) with 3 or 4 pens per line per diet. The
 

hens were fed breeder diets without and with .5% YC starting
 

at 38 WOA in L and H lines and 36 WOA in line C. Hen photo-


stimulation commenced at 34 WOA (lines L and H) and at 32
 

WOA (line C), respectively. Eggs were set bi-weekly from
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hens between 42 and 52 WOA in the lines L and H and between
 

40 and 50 WOA in line C (5 hatches). The egg storage
 

interval prior to incubation (14 Days) was separated into
 

two 7-day periods and the eggs identified by the length of
 

egg storage: Days 0-7 and 8-14, respectively.
 

In Experiment 2, all hens were randomly assigned to 18
 

pens (n=10 hens per pen, with 3 pens per line per diet), fed
 

the breeder diets with and without .596 YC, and photo-


stimulated at 31 WOA. Eggs were collected daily and set bi

weekly from all hens between 37 and 51 WOA (7 hatches). The
 

pre-incubation egg storage interval (14 Days) was
 

partitioned into three periods, Days 0-4, 5-9, and 10-14,
 

and the eggs were marked for identification according to the
 

respective egg storage period.
 

Different males were used in both experiments were fed
 

a 149.7 crude protein diet which did not contain any YC. The
 

artificial inseminations of the hens were begun between Days
 

10 and 14 after oviposition and repeated on a weekly basis
 

as previously described (Hayat et a/., 1993).
 

Variables
 

Individual hen body weights were measured bi-weekly
 

from 36 to 52 WOA in Experiment 1, and at 4 week intervals
 

(periods) between 30 and 51 WOA in Experiment 2. Feed
 

consumptions were recorded by pens when body weights were
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determined. Egg production for each pen was recorded daily
 

and summarized by feeding period and feed (kg) per dozen
 

eggs was calculated based upon an adjusted mean weight of
 

75 g per egg.
 

Following the onset of oviposition, the hens were
 

observed throughout the experiments for the occurrence of
 

prolapsed oviducts and broodiness as described by Hayat et
 

a1. (1993). Egg collection, sanitation procedures, and
 

incubation of eggs for both experiments were also in
 

accordance with the description provided by Hayat et al.
 

(1993). All eggs from both experiments were stored in the
 

same storage room maintained between 10 and 13 C and 80 and
 

8596 relative humidity until incubation. Immediately prior
 

to setting, eggs from each pen were enumerated and weights
 

were determined according to pre-incubation egg storage
 

period.
 

Statistical Analysis
 

Data from each experiment were analyzed separately by
 

analysis of variance using the General Linear Models
 

procedure from Statistical Analysis Systems Institute (SAS,
 

1988). All variables were analyzed by blocking across time
 

with the exception of body weight change. Arc sine
 

transformation of percentage data prior to analysis had no
 

affect on the results obtained, therefore, the actual data
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percentages were used for all statistical analyses. Means
 

determined to be different were separated using the least
 

significant difference test (SAS, 1988).
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RESULTS AND DISCUSSION
 

Breeder Hen Performance
 

The change in mean hen body weight and reproductive
 

performance traits from hens receiving corn-soy bean diets
 

without or with .596 YC for Experiments 1 and 2 are
 

summarized in Table IV.2. The inclusion of a dietary YC did
 

not influence the change in mean body weight, hen-day egg
 

production, or mean egg weight within lines during either
 

experiment when compared to those hens not receiving the YC
 

diet. There were no genetic line differences for rate of
 

egg production for either experiment, but line differences
 

were evident in mean egg weight. The mean egg weights of
 

line L were heavier (P<.05) than those of lines H and C,
 

Experiment 1. In Experiment 2, mean egg weights were lower
 

(P<.02) in line H than those of lines L and C. Genetic line
 

differences in feed efficiency were apparent, the line C
 

hens were most efficient (P<.01) in Experiment 1 and least
 

efficient (P<.04) in Experiment 2. These observations are
 

similar to those reported by Hayat et al. (1993).
 

There were no differences in the incidence of prolapsed
 

oviducts, broodiness, or hen mortality as a result of
 

dietary YC supplementation or hen genotype in either
 

experiment.
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Experiment 1
 

Incubation Performance
 

Fertility and embryonic mortality. True fertility,
 

determined at Day 10 of incubation (summarized in Table
 

IV.3) for eggs stored from Days 0-7 and 8-14 prior to
 

incubation were not different with the addition of .5%
 

dietary YC supplementation or between genetic lines.
 

The early embryonic mortality measured at Day 10 of
 

incubation (Table IV.4) indicated a genetic line difference,
 

the H line hens experienced a higher (P<.01) early embryonic
 

mortality than lines L and C. Diets also influenced early
 

mortality. Eggs from hens supplemented with the YC had a
 

reduced (P<.01) early embryonic mortality for the pre-


incubation egg storage period, Days 0-7. The addition of
 

the YC reduced early embryonic mortality within lines from
 

eggs stored from Days 0-7 in line H (P<.07) and in line C
 

(P<.06) .
 

Late embryonic mortality (Days 21-28) is summarized in
 

Table IV.5. Line differences (P<.05) were apparent for both
 

pre-incubation egg storage time periods while the YC diet
 

had no effect.
 

The incidences of pipped embryos in the three genetic
 

lines fed diets without and with the supplemental YC are
 

summarized in Table IV.6. The percent of pipped embryos in
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the lines L and H were higher (P<.01) than the C eggs stored
 

from Days 0-7. The incidence of pipped embryos in eggs
 

stored from Days 8-14 increased in line L hens fed the YC
 

diet, but was unaffected or reduced in lines H and C,
 

respectively. Therefore, a significant (P<.04) genotype-


dietary YC interaction was noted for eggs stored from
 

Days 8-14.
 

Hatch of Fertile Eggs. Hatchability differences among
 

lines were present for both egg storage periods, Table IV.7.
 

The line H sustained the lowest (P<.01) hatchability in both
 

pre-incubation egg storage periods. Feeding the YC diet
 

increased (P<.02) the line C hatchability of fertile eggs
 

stored between Days 0-7, only. The dietary supplementation
 

of YC reduced hatchability in line L and increased it in
 

line C resulting in a significant (P<.04) genotype-dietary
 

YC interaction of eggs stored from Days 0-7.
 

Experiment 2
 

Incubation Performance
 

Fertility and embryonic mortality. The effects of
 

feeding .51,- YC to the three lines of hens on hen fertility
 

are also summarized in Table IV.3. Fertility in line H was
 

significantly lower than lines L and C for eggs stored from
 

Days 0-4 (P<.01), Days 5-9 (P<.09), and Days 10-14 (P<.06).
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The addition of YC to the diet of line H hens increased
 

(P<.04) the fertility in eggs stored Days 5-9. Fertility in
 

line L, however, was reduced (P<.07) in hens receiving diets
 

supplemented with YC in eggs stored Days 0-4. These lines
 

responded differently to the same dietary YC resulting in a
 

significant genotype-dietary YC interaction for eggs stored
 

Days 0-4 (P<.06), Days 5-9 (P<.04), and Days 10-14 (P<.06)
 

prior to incubation.
 

Early embryonic mortality, summarized in Table IV.4,
 

shows that line H embryos experienced higher (P<.01) early
 

embryonic mortality for the pre-incubation egg storage
 

periods of Days 0-4 and 5-9. Feeding the dietary YC reduced
 

early embryonic mortality of eggs stored from Days 5-9
 

(P<.04) and Days 10-14 (P<.06) in line H and from Days 5-9
 

(P<.01) in line C. There were significant genetic line-


dietary YC interactions during pre-incubation egg storage
 

periods of Days 5-9 (P<.05) and Days 10-14 (P<.04).
 

There were line differences for late embryonic
 

mortality in eggs stored from Days 0-4 (P<.04) and 5-9
 

(P<.06), Table IV.5. This mortality was reduced (P<.06) in
 

line C hens fed the dietary YC for the pre-incubation egg
 

storage time of Days 10-14.
 

The percent pipped embryos was influenced (P<.03) by
 

genetic lines in eggs stored from Days 5-9 as well as the
 

feeding of the YC, Table IV.6. The YC reduced the incidence
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of pipped embryos in line L for eggs stored from Days 0-4
 

(P<.05) and in line C for eggs stored Days 5-9 (P<.07).
 

Hatch of Fertile Eggs. Line differences (P<.01) in
 

hatchability for eggs stored from Days 0-4 were observed,
 

Table IV.7. The dietary YC increased the hatch of fertile
 

eggs stored from Days 5-9 in lines H (P<.01) and C (P<.05)
 

only. There was also a genotype-dietary YC interaction
 

(P<.01) for hatchability of eggs stored from Days 5-9.
 

These results indicate that the genetic characteristics of
 

the bird influence the effect of the YC on the subsequent
 

hatchability of fertile eggs.
 

Poult Quality and Livability
 

The effect of hen genotype and dietary YC on the
 

incidence of poults exhibiting unhealed navels at hatching
 

when eggs were stored Days 0-14 prior to incubation are
 

summarized in Table IV.8. Unhealed navels is a condition
 

observed in newly hatched chicks and poults usually
 

associated with incubation and results in birds that cannot
 

be utilized. The occurrence of unhealed navels was higher
 

(P<.01) in line H as compared to lines L and C in Experiment
 

1 and higher (P<.05) than the L line in Experiment 2. The
 

inclusion of .59,5 dietary YC increased (P<.08) the incidence
 

of unhealed navels in line H and numerically reduced the
 

occurrence of unhealed navels in lines L and C,
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Experiment 2. This resulted in a significant (P <.05) line-


dietary YC interaction for the incidence of unhealed navels.
 

There were no differences in post hatching livability (Days
 

1-10 of age) among poults from hens fed diets without or
 

with .596 YC. The absence of an effect of a dietary YC in
 

maternal diets on progeny performance was also noted by
 

Brake (1991).
 

The results of these experiments are in agreement with
 

the those of Hayat et al. (1993) and confirm that the
 

hatchability of eggs from hens fed a dietary YC can be
 

mediated by the hen's genotype. These results indicate that
 

the animal's genotype should be considered when feeding
 

diets supplemented with a YC. Further, the addition of a YC
 

in the turkey breeder hen's diet appears to have beneficial
 

effects for eggs subjected to pre-incubation storage periods
 

from Days 5-9. This finding suggests that further studies
 

are needed to evaluate the relationship of the breeder hen's
 

diet and pre-incubation egg storage periods in order to
 

provide optimal hatchability. These studies, which
 

evaluated the effect of a dietary YC, provide further
 

incentives which warrant additional investigative studies of
 

YC for enhancing efficient animal production. It may also
 

prove important to identify the YC or other DFM product used
 

if comparisons of experimental findings are conducted.
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Table IV.1. Composition of pelleted turkey breeder hen corn-soy bean
 
meal diets1 without (CS) and with .5% yeast culture (CS + YC)
 

Ingredients and analysis
 

Corn, yellow (8.9% CP)
 

Yeast culture2 (12% CP)
 

Soy-bean meal (47% CP)
 

Meat and bone meal (50% CP)
 

Limestone flour
 

Fish meal (65% CP)
 

Fat (blended, animal)
 

Vitamin premix3
 

Monocalcium phosphate
 
(16% Ca, 21% P)
 

Salt, iodized
 

Trace mineral premix4
 

DL-methionine (98%)
 

Selenium premix (200.2 mg/kg)
 

Biotin premix (220.4 mg/kg)
 

Calculated analysis
 

CP
 

ME, kcal/kg
 

Linoleic acid
 

Ca
 

Available P
 

Analyze&
 

CP, Experiment 1
 

CP, Experiment 2
 

CS
 

76.25
 

. . .
 

9.33
 

5.08
 

4.14
 

2.54
 

1.01
 

.53
 

.49
 

.41
 

.10
 

.02
 

.05
 

.05
 

15.40
 

3,076
 

1.45
 

2.42
 

.54
 

14.05
 

14.23
 

CS + YC
 

( % ) 

75.87
 

.50
 

9.29
 

5.05
 

4.12
 

2.53
 

1.01
 

.53
 

.48
 

.40
 

.10
 

.02
 

.05
 

.05
 

15.40
 

3,060
 

1.45
 

2.41
 

.54
 

13.40
 

14.28
 

1 Manufactured by Kropf Feed and Seed, Inc., Harrisburg, OR.
 
2 XP yeast culture®, Saccharomyces cerevisiaeu, Diamond V. Mills
 

Inc., Cedar Rapids, IA.

3 Supplied per kg of diet: vitamin A, 8 745 IU; vitamin D3, 2 915
 

ICU; riboflavin, 9 mg; d-pantothenic acid, 15 mg; niacin, 58 mg;
 
choline, .58 g; vitamin B12, .015 mg; vitamin E, 2.92 IU; vitamin K,
 
1 mg; folacin, .58 mg; ethoxyquin, 165 mg.
 

4 Supplied per kg of diet: Ca, 1.03 g; Mg, .64 g; Fe, .21 g; I, 13
 
mg; Zn, .29 g; Co, 2 mg; Cu, 21 mg.
 

Kjeldahl analysis.
 



Table IV.2. Influence of corn-soy diets without (CS) and with .5% yeast culture' (CS + YC) on mean body
 
weight change, hen day egg production, egg weight, and feed efficiency in three lines of Wrolstad Medium
 
White breeder hens
 

Line Diet Body 
weight 

Hen day egg 
production 

Egg 
weight' 

Feed per Body 
dozen weight 

Hen day egg 
production 

Egg 
weight6 

Feed per 
dozen 

change2 ( %) (g) eggs4 change' ( %) (g) eggs4 
(kg) (kg) (kg) (kg) 

Experiment 1 Experiment 2 

Low CS -.78 59.62 77.86 4.08 -.37 60.87 76.18 3.82 

CS + YC -.80 59.13 77.49 4.07 -.20 60.60 76.10 4.21 

SEM .06 3.90 .43 .53 .11 2.11 .49 .22 

High CS -.81 58.00 75.52 3.99 -.29 58.73 75.54 4.13 

CS + YC -.69 57.12 75.38 4.23 -.26 57.87 75.16 4.14 

SEM .08 3.50 .38 .34 .15 1.52 .35 .18 

Cross CS -.82 60.98 75.33 3.78 -.03 57.73 76.05 4.48 

CS + YC -.73 59.31 74.90 3.96 -.58 58.13 75.68 4.67 

SEM .06 3.18 .28 .44 .29 2.73 .41 .25 

Source of Probabilities
 
variation
 

Line NS NS <.05 <.01 NS NS <.02 <.04
 

Diet NS NS NS NS NS NS NS NS
 

Interaction NS NS NS NS NS NS NS NS
 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
2 Measured at 38 and 52 WOA in L and H lines and at 36 and 50 WOA in line C.
 
3 Recorded daily in lines L and H from 36 to 52 weeks of age (WOA) and in the C line from 34 to 50 WOA.
 
4 Calculated as the feed per dozen eggs having a mean weight of 75 g per egg.
 
5 Measured at 32 and 51 WOA.
 
6 Measured bi-weekly from 37 to 51 WOA.
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Table IV.3. Fertility (%) in three lines of Wrolstad Medium White hens fed diets without (CS) or with
 

yeast culture' (CS + YC)
 

Days of Pre-incubation Egg Storage Time
Line Diet
 

0-7 8-14 0-4 5-9 10-14 

Experiment 1 -- Experiment 2 

Low CS 95.25a 94.79a 95.70a 94.50a 97.10' 

CS + YC 95.41a 93.86a 92.20a 90.70a 94.50a 

SEM 1.25 .85 1.08 1.45 1.50 

High CS 96.30a 95.58a 85.60'	 83.60b 86.10a
 

91.70a 94.50a
CS + YC 94.12a 94.94' 90.40a
 

SEM 1.41 1.33 2.63 2.35 2.59
 

Cross CS 96.18a 94.93' 94.50a	 91.50' 92.60a
 

91.60a 94.50a
CS + YC 94.89a 94.24a 93.20a
 

SEM 1.30 1.48 1.28 1.94 1.34
 

Probabilities
Source of variation
 

NS NS <.01	 <.09 <.06
 

NS NS
 

Line
 

Diet	 NS NS NS
 

<.06 <.04 <.06
Interaction	 NS NS
 

XP yeast. culture, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
aM Means in columns within lines with no common superscripts differ significantly (P<.05).
 



Table IV.4. Early (0-10 d) embryonic mortality (%) in three lines of Wrolstad Medium White hens fed diets
 
without (CS) or with .5% yeast culture' (CS + YC)
 

Line Diet Days of Pre-incubation Egg Storage Time
 

0-7 8-14 0-4 5-9 10-14
 

Experiment 1 Experiment 2 

Low CS 4.67a 6.03a 6.14a 7.09a 6.47a 

CS + YC 3.03a 3.21a 6.78a 9.10a 10.20a 

SEM .45 1.15 .52 1.82 1.12 

High CS 7.77a 9.83a 12.56a 16.55a 12.79a
 

CS + YC 6.88a 10.56a 8.90a 10.24b 9.21a
 

SEM .43 1.05 1.82 1.66 .94
 

Cross CS 6.55' 4.21a 8.92' 10.82a 10.65'
 

CS + YC 3.75a 5.32a 6.73a 4.91b 11.37'
 

SEM .79 .66 1.10 1.02 1.34
 

Source of variation Probabilities
 

Line <.01 <.01 <.01 <.01 <.10
 

Diet <.01 NS <.10 <.03 NS
 

Interaction NS NS NS <.05 <.04
 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
Means in columns within lines with no common superscripts differ significantly (P<.05).
 



Table IV.S. Late (21-28 d) embryonic mortality (t) in three lines of Wrolstad Medium White hens fed diets
 
without (CS) or with .5% yeast culture' (CS + YC) 

Line Diet Days of Pre-incubation Egg Storage Time 

0-7 8-14 0-4 5-9 10-14 

Experiment 1 Experiment 2 

Low CS 8.57' 13.52a 7.66' 8.56a 12.048 

CS + YC 9.84a 15.79' 8.42a 10.36a 12.02a 

SEM 1.72 1.79 1.66 .93 1.76 

High	 CS 13.90' 18.71' 12.90a 14.10' 11.64a
 

CS + YC 16.57' 18.16' 14.11a
 10.27' 14.26a
 

SEM .82 1.99 2.64 2.14 2.15
 

Cross CS 16.89a 14.49a 11.40' 15.15' 17.64'
 

CS + YC 13.72' 13.97' 8.09' 11.97a 13.24a
 

SEM 1.40 1.50 1.70 1.85 1.16
 

Probabilities
 

Line <.01 <.05 <.04 <.06 NS
 

NS
 

Source of variation
 

Diet NS NS NS NS
 

Interaction NS NS NS NS NS
 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
a'ip Means in columns within lines with no common superscripts differ significantly (P<.05).
 



Table IV.6. Incidence of pipped embryos (%-) in three lines of Wrolstad Medium White hens fed diets without
 
(CS) or with .51; yeast culture' (CS + YC) 

Line Diet Days of Pre-incubation Egg Storage Time 

0-7 8-14 0-4 5-9 10-14 

Experiment 1 Experiment 2 

Low CS 13.09a 13.32a 14.12a 15.18a 15.40a 

CS + YC 17.20' 20.35a 10.44b 14.78a 14.88a 

SEM 2.24 2.32 1.04 1.63 2.23 

High CS 14.49a 12.88a 11.46' 12.44a 15.84' 

CS + YC 14.27a 11.72a 15.19a 11.18' 17.26a 

SEM 1.75 2.25 2.41 1.14 4.60 

Cross CS 10.33' 14.97a 10.30' 13.83a 14.71' 

CS + YC 9.57' 12.75a 8.98' 9.31a 10.83' 

SEM 1.30 .93 1.45 1.48 2.28 

Source of variation Probabilities 

Line <.01 <.06 NS <.03 NS 

Diet NS NS NS <.08 NS 

Interaction NS <.04 NS NS NS 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA. 
a,b Means in columns within lines with no common superscripts differ significantly (P<.05). 



Table IV.7. Hatchability of fertile eggs (%) in three lines of Wrolstad Medium White hens fed diets without
 
(CS) or with .5% yeast culture' (CS + YC)
 

Line Diet Days of Pre-incubation Egg Storage Time 

0-7 8-14 0-4 5-9 10-14 

Experiment 1 Experiment 2 

Low CS 74.20a 68.26' 70.90' 68.69' 65.20' 

CS + YC 71.00' 62.42' 73.70' 63.51a 61.00' 

SEM 2.34 2.52 2.02 2.53 3.06 

High	 CS 64.21' 59.25' 59.83' 55.406 57.20'
 

CS + YC 63.61a 59.78'
 59.68' 67.27' 57.56'
 

SEM 1.85 .76 2.95 1.94 3.96
 

Cross CS 66.526 67.36' 67.95' 59.196 54.92'
 

CS + YC 74.17' 68.45' 73.02' 71.71' 61.58'
 

SEM 1.44 2.32 2.77 3.57 3.01
 

Source of variation Probabilities
 

Line <.01 <.01 <.01 NS NS
 

Diet NS NS NS <.01 NS
 

Interaction <.04 NS NS <.01 NS
 

XP yeast culture®, Saccharomyces cerevisiaeu, Diamond V. Mills Inc., Cedar Rapids, IA.
 
a,b Means in columns within lines with no common superscripts differ significantly (P<.05).
 



Table IV.8. Incidence of poults hatched with unhealed navels in three lines of Wrolstad Medium White hens
 
fed diets without (CS) and with .5% yeast culture' (CS + YC)
 

Line Diet	 Number of Unhealed Number of Unhealed
 
Poults Navels3 () Poults Navels3 (%)
 

Examined2
 Examined'
 

Experiment 1	 Experiment 2
 

13.27
Low CS	 1236 7.27 847
 

CS + YC 900 6.24	 835 9.64
 

1.89
SEM	 .90
 

811 18.38	 652 16.35
High CS
 

745 22.09
CS + YC 748 15.02
 

2.25
SEM	 1.86
 

779 7.91	 662 17.50
Cross CS
 

712 12.71
CS + YC 1189	 7.74
 

2.94
SEM	 .80
 

Probabilities
Source of variation
 

<.01
<.01
Line
 

NS
NS
Diet
 

<.05
NS
Interaction
 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 

n = 5 hatches.
 
3 Unhealed navels were defined as open navels exhibiting incompletely retracted yolk sacs.
 

n = 7 hatches. H
 

2 
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ABSTRACT
 

A study was conducted to determine the effects of three
 

levels of supplemental yeast of Saccharomyces cerevisiae
 

var. boulardii (SCE) on commercial male poult performance
 

and morphology of the ileum. One hundred and sixty Nicholas
 

(line cross 50-0602) poults were randomly assigned to 16
 

battery cages (10 poults per cage, 4 cages per diet) from 1
 

to 21 days of age (DOA). Poults were fed diets (26% CP)
 

consisting of corn-soy (CS, control), CS + .01% SCB,
 

CS + .02% SCB, and CS + .06% SCB. At 21 DOA, a total of
 

thirty poults fed the CS and CS + .02% SCB diets (the
 

optimal level of SCB from 1 to 21 DOA) were randomly
 

selected within each diet, placed in one of 6 cages (5
 

poults per cage, 3 cages per diet) and fed their respective
 

diet to 35 DOA. Body weights, and feed consumptions were
 

measured weekly between 21 and 35 DOA and morphologic
 

comparisons of ileal tissues were conducted at 35 DOA.
 

Increased body weights (P<.004) at 7, 14 and 21 DOA
 

were observed for poults fed diets containing SCB at .01 .02
 

and .06% of the diet. No dietary differences (P>.05) were
 

observed in feed consumption or feed to gain ratios from 1
 

to 21 DOA. Increased (P<.03) body weights were maintained
 

from 21 to 35 DOA for poults fed .02% SCB, while no dietary
 

differences (P>.05) in feed consumption or feed to gain
 

ratios were observed. Histological examination of ileal
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sections from poults (35 DOA) fed the CS and CS + .02% SCB
 

diets revealed a decrease (P<.04) in the number of goblet
 

cells per mm of villus and a decreased (P<.02) crypt depth
 

in poults receiving .02% SCB. No dietary differences
 

(P>.05) were observed for either villus height or width.
 

The results of this study indicate that the addition of SCB
 

to the diet of poults increased body weights from 1 to 35
 

DOA and altered ileal morphology.
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INTRODUCTION
 

Saccharomyces cerevisiae var. boulardii (SCB) is a
 

nonpathogenic yeast capable of preventing diarrhea
 

associated with therapeutic antibiotic administration in
 

hospital patients (Surawicz et al., 1989). According to
 

investigators, the administration of SCB to patients
 

undergoing oral antibiotic administration (in which the
 

normal gut microbiota are being disrupted) prevents the
 

proliferation of pathogenic bacteria. In addition, SCB has
 

been reported to reduce mortality resulting from toxicogenic
 

strains of Clostridium difficile in hamsters (Toothaker and
 

Elmer, 1984).
 

There are limited reports of improved bird performance
 

and decreased proliferation of pathogenic bacteria,
 

resulting from the addition of yeast and yeast products
 

(yeast cultures) containing different strains of
 

Saccharomyces cerevisiae in poultry feeds (Hamilton and
 

Proudfoot, 1991; Miles and Bootwalla, 1991; Miles, 1993).
 

Stanley et al. (1993) reported increased body weights and a
 

decrease in aflatoxicosis of broiler chicks fed diets
 

containing .15:5 S. cerevisiae. However, because SCB is a
 

newly developed yeast strain for use in monogastric feeds,
 

reports on the effects of incorporating this variety
 

(boulardii) of S. cerevisiae in poultry feeds are limited.
 

Madrigal et al. (1993) reported an improved feed utilization
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when broiler chicks were fed mash diets containing 50, 100
 

and 200 g per ton of SCB from 1 to 49 d of age. To date,
 

there have not been any published research on the use of SCB
 

in poult diets.
 

It is very probable that as the microbiota of the
 

intestinal tract is altered through the use of direct-fed
 

microbials (DFM) such as SCB, gut microstructure may also
 

change in order to adapt to this new microbial environment
 

(Scott et al., 1982; Fuller and Coates, 1983; Chesson,
 

1991). One such change, although not well understood, has
 

been observed in studies involving germ-free rats in which
 

higher goblet cell numbers of the intestinal villi were
 

observed as compared to those in conventional rats (Larson,
 

1989). The mucin produced by goblet cells may be important
 

to the gut microbiota because it serves as both a habitat
 

and a nutrient source (Carlstedt-Duke, 1989; Savage, 1991;
 

Miles, 1993). There is no literature, however, describing
 

the effects, if any, of SCB on intestinal morphology of the
 

fowl.
 

Because of the lack of information on the effects of
 

SCB in turkeys, the following study was conducted to
 

determine the effects of feeding 26% CP diets supplemented
 

with three levels of SCB (.01, .02, and.06%) on weight gain,
 

feed to gain ratios from 1 to 21 days of age (DOA) and to
 

observe the effects of continued feeding of .02% SCB on body
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weight, periodic feed to gain ratios (21 to 35 DOA), and
 

ileal microscopic morphology at 35 DOA.
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MATERIALS AND METHODS
 

One hundred and sixty Nicholas line cross (50-0602)
 

male poults were wing banded for identification and randomly
 

assigned to 16 battery cages with raised wire floors (10
 

poults per cage, 4 cages per diet). Birds were brooded in
 

a temperature-regulated room with continuous light (24L : OD) .
 

Both feed and water were provided ad libitum. From 1 to 21
 

DOA, poults were fed isonitrogenous, crumbled diets (26% CP)
 

consisting of corn-soy (CS, control) with SCB (Levucell
 

SB20°, Saccharomyces cerevisiae var. boulardii, Agrimerica,
 

Inc., Northbrook, IL.) added to the diets at .01, .02, and
 

.06% (as recommended by the manufacturer of SCB), Table V.1.
 

In the feed pelleting process, the pelleting temperature was
 

maintained at or below 54 C. The poults were weighed
 

individually at 1, 7, 14, 21, and 35 DOA. Feed consumptions
 

were measured by cage at 7, 14, 21, and 35 DOA; and the feed
 

to gain ratios calculated.
 

At 21 DOA, poults receiving diets containing .02% SCB
 

demonstrated the greatest response in body weight gains.
 

Consequently, birds receiving the diets without (CS) and
 

with .02% SCB (CS + .02% SCB) were randomly sub-sampled and
 

assigned to 6 battery cages (5 poults per cage, with 3 cages
 

per diet). These poults continued to receive the CS and
 

CS + .02% SCB diets from 21 to 35 DOA. At the conclusion of
 

the study (35 DOA), one poult from each cage (3 per diet)
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was randomly selected and euthanatized. Since most nutrient
 

absorption occurs in the small intestine, this area was
 

selected for histologic examination. Ileal tissue samples
 

were immediately dissected from the small intestine. One
 

section from each poult was cut just cranial to Meckel's
 

diverticulum to approximately 2.75 cm caudal to Meckel's
 

diverticulum, and placed in 10% neutral buffered formalin.
 

Following histologic fixation, the tissues were processed
 

through a standard alcohol dehydration-toluene sequence, and
 

embedded in paraffin. Longitudinal ileal sections (5 Am)
 

were cut parallel to Meckel's diverticulum and subsequently
 

stained with periodic acid-Shiff (PAS).
 

The procedures used to quantitate the number of goblet
 

cells, villus height, villus width, and crypt depth are
 

described as follows. Three photomicrographic images were
 

prepared at random from each sample, using a magnification
 

factor of 64X, midway between the villus tip and its base.
 

The number of goblet cells within .01 mm of the apical
 

surface along the perimeter of each of the three randomly
 

selected villi from each photomicrograph were then
 

quantitated. The number of goblet cells per mm of
 

epithelium was then calculated. Using a magnification
 

factor of 16X, three photomicrographic images were recorded
 

at random from each longitudinal tissue section such that
 

one side of the entire section was clearly visible. Three
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measurements were randomly taken of the following
 

morphological features: 1) the villus tip to the muscularis
 

mucosae (villus height + crypt depth), 2) the tip of the
 

villus to its base (villus height), and 3) the width of the
 

villus at the point midway between the villus tip and its
 

base. Crypt depth was then calculated as villus height +
 

crypt depth minus villus height. All distances were
 

calibrated using photomicrographs of a stage micrometer
 

recorded at each magnification factor used (64X and 16X).
 

The bird means for each of the histological variables were
 

used for statistical comparison between treatments.
 

Statistical analysis
 

Data from poult performance and morphologic
 

measurements were analyzed by one-way ANOVA using the
 

General Linear Models procedure of SAS° (SAS Institute,
 

1988). Cages and birds were used as the units in the
 

analysis of poult performance and ileal morphology,
 

respectively. Since the data did not appear to be linear,
 

pairwise comparisons were used. Mean values determined to
 

be significant were separated using the Protected Least
 

Significant Difference test (SAS, 1988).
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RESULTS AND DISCUSSION
 

Body weights and cumulative feed to gain ratios of
 

poults from 1 to 21 DOA fed diets without and with .01, .02,
 

or .06% SCB are summarized in Table V.2. Increased (P<.004)
 

body weights were observed at 7 and 21 DOA in poults fed the
 

three diets containing SCB, while at 14 DOA only the body
 

weights of poults receiving .02% SCB were greater (P<.004)
 

than the control fed birds. Potter et al. (1991) has
 

reported increased body weights in poults fed CP deficient
 

diets supplemented with enzymes, therefore, these results
 

may be due to increased enzymatic activity in the birds
 

receiving the supplemental SCB. There were no dietary
 

differences (P>.05) in feed to gain ratios from 1 to 21 DOA
 

(Table V.2). The body weights and feed consumptions of the
 

poults studied from 21 to 35 DOA were measured at the
 

conclusion of the experiment (35 DOA). Body weights were
 

greater (P<.03) at 35 DOA for poults fed diets containing
 

.02% SCB as compared to those fed the control diet (1411 and
 

1333 g, respectively). No differences (P>.05) in weight
 

gain, feed consumptions, or feed to gain ratios were
 

observed between 21 and 35 DOA.
 

Mean ileal goblet cell numbers, villus height, and
 

crypt depth of poults (35 DOA) fed diets without and with
 

.02% SCB are summarized in Table V.3. A reduction (P<.05)
 

in the number of goblet cells per mm of villus height and a
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decrease (P<.02) in crypt depth were apparent in the ileal
 

sections of poults fed the .02% SCB diet, Figures V.1 and
 

V.2. The villus height and width were not influenced by the
 

addition of SCB to the diet.
 

A decrease in the number of goblet cells in the ileum
 

of poults fed the .02% SCB may be indicative of an
 

alteration in the microbial ecology within the lumen of the
 

small intestine resulting from the presence of SCB (Larson,
 

1989). Furthermore, because the crypts of Lieberkuhn are
 

responsible for the production of the epithelial cells of
 

the villi through mitosis (Imondi and Bird, 1966; Hodges,
 

1974), the decreased crypt depth in the ileal portion of the
 

small intestine accompanying the feeding of .02% SCB may
 

indicate a decreased turnover rate (Neutra, 1988). This
 

decreased turnover rate could be resulting from a decrease
 

in the concentration of bacteria producing toxic metabolites
 

(Radecki et al., 1992) or the ability of SCB to suppress the
 

effects of these toxic metabolites (Stanley et al., 1993).
 

The energy conserved by the reduced turnover rate of the
 

epithelial cells may then be utilized by the poult for lean
 

tissue mass (Radecki et a/., 1992).
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Table V.1. Composition and CP analysis of crumbled diets without (CS)
 
or with supplemental yeast at .01% (CS + .01% SCB), .02% (CS + .02%
 
SCB), and .06% (CS + .06% SCB) fed to male poults from day-old to 35
 
days of age
 

Ingredients and analysis CS CS + CS + CS +
 
.01% .02% .06%
 
SCB SCB SCB
 

(%)
 

Corn, yellow 50.40 50.39 50.39 50.37
 
(8.9% CP)
 

Yeast' (26.2% CP)	 .01 .02 .06
 

Soy bean meal 37.25 37.25 37.24 37.22
 
(46% CP)
 

Meat and bone meal 7.50 7.50 7.50 7.50
 
(50% CP)
 

Limestone flour	 .50 .50 .50 .50
 

Fat, animal	 2.25 2.25 2.25 2.25
 

Monocalcium phosphate 1.35 1.35 1.35 1.35
 
(16% Ca, 21% P)
 

Salt, iodized	 .05 .05 .05 .05
 

Vitamin premix'	 .20 .20 .20 .20
 

Trace mineral premix'	 .10 .10 .10 .10
 

L-lysine (78.4%)	 .15 .15 .15 .15
 

DL-methionine (98%)	 .19 .19 .19 .19
 

Coban-600 premix' .05 .05 .05 .05
 
(132 g/kg)
 

Calculated analysis
 

CP	 26 26 26 26
 

ME, kcal/kg	 2908 2907 2905 2902
 

Analyzed5
 

CP	 26.1 25.7 26.6 24.4
 

Levucell SB20a, Saccharomyces cerevisiae var. boulardii,
 
Agrimerica, Inc., Northbrook, IL.
 

2 Supplied per kg of diet: vitamin A, 17,220 IU; cholecalciferol,
 
6,660 ICU; vitamin E, 30 IU; vitamin B1,, 0.006 mg; riboflavin, 12 mg;
 
niacin, 115 mg; d-pantothenic acid, 32 mg; menadione, 2 mg; folic acid,
 
0.9 mg; pyridoxine, 3 mg; thiamine, 1.5 mg; biotin, 0.11 mg; choline,
 
2,500 mg.
 

3 Supplied per kg of diet: Mn, 160 mg; Zn, 150 mg; Fe, 120 mg;
 
Cu, 135 mg; I,	 1.5 mg; Se, 0.3 mg.
 

4 Gratuitously provided by Elanco, Inc., Indianapolis, IN.
 
5 Kjeldahl analysis.
 



Table V.2. Body weights and feed to gain ratios of poults fed diets without (CS) or with either .01% yeast'
 
(CS + .01% SCB), .02% yeast (CS + .02% SCB), or .06% yeast (CS + .06% SCB) from 1 to 21 days of age
 

Days of age
 

Diet 1 7 14 21 1 to 21 

Body Weight (g) Feed to Gain Ratio (g:g) 

CS 59.5 122b 269b 464b 1.64 

CS + .01% SCB 59.8 132a 286ab 516a 1.56 

CS + .02% SCB 59.8 141a 311a 527a 1.58 

CS + .06% SCB 58.8 138a 294ab 511a 1.58 

SEM .7 4 10 15 .03 

Probabilities
 
variation
 

Diet NS .001 .004 .004
 

Source of
 

NS
 

1 Levucell SB20°, Saccharomyces cerevisiae var. boulardii, Agrimerica, Inc., Northbrook, IL.
 
8'13 Means within a column with no common superscript differ significantly (P<.004).
 



Table V.3. Goblet cell numbers, villus height, villus width, and crypt depth of the ileum in poults fed
 
diets without (CS) or with .02% yeast' (CS + .02% SCB) from 21 to 35 days of age
 

Diet Goblet Cells' Villus Height Villus Width Crypt Depth 

number/mm (mm) 

CS 40.7a 1.03 .079 .19a 

CS + .02% SCB 31.9b 1.07 .093 .146 

SEM 2.2 .04 .004 .01 

Source of variation Probabilities
 

Diet .05 NS NS .02
 

Levucell SB20®, Saccharomyces cerevisiae var. boulardii, Agrimerica, Inc., Northbrook, IL.
 
2 Goblet cells were enumerated within .01 mm of the apical surface along the perimeter of 9 villi per
 
bird.
 
a,b Means within a column with no common superscripts differ significantly (P<.05).
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Figure V.1. Ileal mucosa from control (A) and yeast (B) fed poults at 35 days of age.
 
Note the reduced crypt depth (C) in the mucosa of the poults fed .02% yeast (B) as compared
 
to the control group (A). A decreased number of goblet cells (arrow), was also observed
 
in the poults receiving yeast (B). No differences were observed in villus (V) height or
 
width. Bar is .2 mm. Periodic acid-Shiff.
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Figure V.2. Villi (V) of the ileal mucosa from poults
 
at 35 days of age fed a control diet. Goblet cells (noted
 
by the arrows) were reduced in the epithelial mucosa of the
 
poults fed .02% yeast as compared to the control group. Bar
 
is 1 mm. Periodic acid-Shiff.
 



153 

REFERENCES
 

Carlstedt-Duke, B., 1989. The normal microflora and
 
mucin. Pages 109-127 in: The Regulatory and
 
Protective Role of the Normal Microflora. Wenner-Gren
 
International Symposium Series, Volume 52. R. Grubb,
 
T. Midtvedt and E. Norin, ed. Stockton Press, New
 
York, NY.
 

Chesson, A., 1991. Use of bacteria in disease control and
 
growth promotion in pigs and poultry. Pages 1-2 in:
 
Antibacterials and Bacteria. Misset International Book
 
Service, Doetinchem, The Netherlands.
 

Fuller, R., and M. E. Coates, 1983. Influence of the
 
intestinal microflora on nutrition. Pages 51-61 in:
 
Physiology and Biochemistry of the Domestic Fowl.
 
Volume 4. B. M. Freeman, ed. Academic Press, New
 
York, NY.
 

Hamilton, R. M. G., and Proudfoot, F G., 1991. The value
 
of growth promotants in meat 

.

birds. Misset-World
 
Poultry 7(7):35.
 

Hodges, R. D., 1974. The digestive system. Pages 35-108
 
in: The Histology of the Fowl. Academic Press, Inc.,
 
New York, NY.
 

Imondi, A. R., and F. H. Bird, 1966. The turnover of
 
intestinal epithelium in the chick. Poultry Sci.
 
45:142-147.
 

Larson, G., 1989. The normal microflora and
 
glycosphingolipids. Pages 129-143 in: The Regulatory
 
and Protective Role of the Normal Microflora. Wenner-

Gren International Symposium Series, Volume 52. R.
 
Grubb, T. Midtvedt and E. Norin, ed. Stockton Press,
 
New York, NY.
 

Madrigal, S. A., S. E. Watkins, J. T. Skinner, M. H.
 
Adams, A. L. Waldroup, and P. W. Waldroup, 1993.
 
Effect of an active yeast culture on performance of
 
broilers. Poultry Sci. 72(Suppl. 1):87.(Abstr.)
 



154 

Miles, R. D., 1993. Manipulation of the microflora of
 
the gastrointestinal tract: Natural ways to prevent
 
colonization by pathogens. Pages 133-150 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Ninth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Miles, R. D., and S. M. Bootwalla, 1991. Direct-fed
 
microbials in animal production "avian". Pages 117-146
 
in: Direct-Fed Microbials in Animal Production A
 
Review of the Literature. National Feed Ingredients
 
Association, West Des Moines, IA.
 

Neutra, M. R., 1988. The gastrointestinal tract. Pages
 
641-683 in: Cell and Tissue Biology, A Textbook of
 
Histology. L. Weiss, ed. Urban and Schwarzenberg,
 
Baltimore, MD.
 

Potter, L. M., R. M Hulet, and C. W. Ritz, 1991. Effects
 
of added enzyme supplements to diets of turkeys.
 
Poultry Sci. 70(Suppl. 1):176.(Abstr.)
 

Radecki, S. V., P. K. Ku, M. R. Bennink, M. T. Yokoyama,
 
and E. R. Miller, 1992. Effect of dietary copper on
 
intestinal mucosa enzyme activity, morphology, and
 
turnover rates in weanling pigs. J. Anim. Sci.
 
70:1424-1431.
 

SAS Institute, 1988. SAS/STAT° Users guide, Release 6.03
 
Edition, SAS Institute, Inc. Cary, NC.
 

Savage, D. C., 1991. Modes of action. Pages 11-81 in:
 
Direct-fed Microbials in Animal Production. A Review
 
of Literature. National Feed Ingredients Assoc., West
 
Des Moines, IA.
 

Scott, M. L., M. C. Nesheim, R. J. Young, 1982. Nutrition
 
of the Chicken. 3rd Ed. M. L. Scott and Associates,
 
Ithaca, NY.
 

Stanley, V. G., R. Ojo, S. Woldesenbet, D. Hutchinson, and
 
L. F. Kubena, 1993. The use of Saccharomyces
 
cerevisiae to suppress the effects of aflatoxicosis in
 
broiler chicks. Poultry Sci. 72:1867-1872.
 

Surawicz, C. M., G. W. Elmer, P. Speelman, L. V.
 
McFarland, J. Chinn, and G. van Belle, 1989.
 
Prevention of antibiotic-associated diarrhea by
 
Saccharomyces boulardii: A prospective study.
 
Gastroenterology 96:981-988.
 



155 

Toothaker, R. D., and G. W. Elmer, 1984. Prevention of
 
clindamycin-induced mortality in hamsters by
 
Saccharomyces boulardii. Antimicrob. Agents and
 
Chemotherapy 26:552-556.
 



156 

CHAPTER VI
 

THE EFFECTS OF FEEDING A DIETARY YEAST CULTURE OF
 

SACCHAROMYCES CEREVISIAgcP TO LARGE WHITE MALE
 

MARKET TURKEYS OF TWO GENETIC LINE CROSSES'
 

GARY L. BRADLEY and THOMAS F. SAVAGE
 

Department of Animal Sciences
 

Oregon State University
 

Corvallis, Oregon 97331-6702
 

1 Southern Regional Research Project, Number S-213.
 



157 

ABSTRACT
 

Three feeding experiments were conducted to evaluate
 

the effect of feeding two different genetic line crosses of
 

Nicholas Large White male market turkeys diets containing
 

.25% yeast culture (YC, XP yeast culture°, Saccharomyces
 

cerevisiaeu% Diamond V. Mills Inc., Cedar Rapids, IA). Body
 

weights, feed consumption, feed to gain ratios, livability,
 

and the incidence of leg weakness were measured during the
 

grow-out periods (day-old to 17 wks). In each experiment,
 

males were housed in the same room (at different times) and
 

randomly assigned to floor pens covered with pine wood
 

shavings as litter. Birds were weighed at one day of age
 

and body weights, feed consumption, and feed to gain ratios
 

for each pen were determined at 2, 5, 8, 11, 14, and 17
 

weeks of age (WOA). The numbers of males and genetic line
 

cross used in Experiments 1, 2 and 3 were: 120 of line 50

0602, 120 of line 88-0602, and 156 of line 88-0602,
 

respectively. In Experiment 1, YC increased (P<.11) body
 

weights at 5, 8, 11, and 14 WOA. Periodic weight gains were
 

greater for birds fed the YC from 2 to 5 (P<.001) and 5 to
 

8 WOA (P<.02). Cumulative feed to gain ratios were improved
 

(P<.006) at 5 WOA. Periodic feed conversions were improved
 

between 2 and 5 WOA (P<.005) for birds fed supplemental YC.
 

In Experiment 2, no differences (P>.05) were observed in the
 

parameters measured. In Experiment 3, birds supplemented
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with YC demonstrated lower (P<.01) body weights from 2
 

through 17 WOA and lower (P<.02) periodic weight gains
 

between day-old to 2, 2 to 5, 5 to 8, and 8 to 11 WOA.
 

Periodic feed to gain ratios were depressed (P<.04) from 2
 

to 5 WOA in YC supplemented birds. Cumulative feed
 

consumption was also reduced (P<.05) in birds fed .2596 YC at
 

2, 8, and 11 WOA while periodic feed consumption was
 

depressed from 5 and 8 WOA (P<.05) in birds fed YC. No
 

dietary differences (P>.05) were observed among the three
 

experiments in either bird livability or the incidence of
 

leg weakness. Results from these experiments indicate that
 

unelucidated factors may influence the effects observed when
 

dietary YC is fed to male turkeys.
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INTRODUCTION
 

The variability in the results from research conducted
 

to study the supplementation of poultry rations with yeast
 

culture (YC) has been impeding possible benefits of feeding
 

a YC to poultry for years (Miles and Bootwalla, 1991). In
 

1983, Brewer observed no significant effects of feeding a YC
 

to market turkeys. Similarly, Savage et al. (1985) also
 

reported no differences in body weight gains in market males
 

at 20 weeks of age (WOA) or female poults at 16 WOA fed
 

diets containing supplemental YC. On the contrary, reports
 

of improved body weights from 12 to 22 WOA have been
 

observed in Nicholas (genetic line cross 88-0602) and Hybrid
 

Large White market turkeys fed diets containing YC
 

(Anonymous, 1993). Cantor et al. (1983) reported improved
 

feed palatability in Nicholas Large White poults to 23 days
 

of age. Increased nutrient retentions have also been
 

reported in poults fed diets containing 1c:1 YC (Bradley and
 

Savage, 1994b). Other researchers have consistently
 

reported improved results in reproductive performance in
 

select genetic lines of Wrolstad Medium White turkey breeder
 

hens fed diets containing a YC (Savage and Mirosh, 1990a,b;
 

Bradley and Savage, 1993; Hayat et al., 1993; Bradley and
 

Savage, 1994a). These reports suggest that some of the
 

variability observed when conducting studies with YC may be
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associated with genotype, environment, and management
 

conditions.
 

The objective of the present study was to evaluate the
 

effect of feeding .2596 yeast culture (XP yeast culture®,
 

Saccharomyces cerevisiaeu, Diamond V. Mills Inc., Cedar
 

Rapids, IA) diets to Nicholas commercial market turkeys.
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MATERIALS AND METHODS
 

Three experiments were conducted using commercial male
 

market turkeys obtained from the Oregon Turkey Hatchery,
 

Aurora, OR (Experiment 1, May 1992) and Cuddy Farms Inc.,
 

Sonoma, CA (Experiment 2, December 1992 and Experiment 3,
 

May 1993). All poults received standard hatchery services:
 

sexed, detoed and beak-trimmed, snood removal, and a
 

subcutaneous injection of B-complex vitamins (except for
 

Experiment 2 where poults were not detoed and beak-trimmed).
 

Male Nicholas market turkey poults (n = 120) from the
 

50-0602 line cross (Experiment 1) and the 88-0602 line cross
 

(n = 120, Experiment 2; n = 156, Experiment 3) were housed
 

during different seasons in the same windowless house with
 

cross ventilation. Poults were randomly selected,
 

individually wing banded for identification, and placed into
 

one of 6 pens providing three replicate pens per diet (20
 

poults per pen in Experiments 1 and 2, and 26 poults per pen
 

in Experiment 3). All poults were provided with continuous
 

incandescent light (24L:OD) for the first 2 WOA using one
 

100 w bulb per pen (measuring 3 X 3 m). The daily
 

photoperiod was subsequently changed to 16L:8D (Experiment
 

1) or 12L:12D (Experiments 2 and 3) for the remainder of the
 

grow-out period and birds were provided one 40 w bulb per
 

pen. Mortality was recorded daily: by wing band, bird
 

weight, and cause of death (if determined). The incidence
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of leg weaknesses, classified as a deviation in the plane of
 

the leg bones (legs bowing inward or outward, or displaying
 

a rotated tibia), were recorded when observed and re

determined at the conclusion of each study.
 

The feeding program for each of the three experiments
 

consisted of the same balanced formulations provided in six
 

feeding periods. Feed compositions for each of the six
 

periods are described in Table VI.1. Feed and water were
 

provided ad libitum. Commencing at 2 WOA, pelleted-type
 

diets were prepared at a local feed processing facility.
 

The analyzed percent CP (Kjeldahl) are summarized in Table
 

VI.2. The coccidiostat (Coban -60 ®) was incorporated into
 

the diets (66 g of monensin per ton of finished feed) and
 

fed from day-old to 8 WOA.
 

Turkeys were weighed individually at day-old, 2, 5, 8,
 

11, 14 WOA, and at the conclusion of each experiment
 

(Experiments 1 and 3, 17 WOA; Experiment 2, 15 weeks and 6
 

days). Feed consumptions were determined by pen for each
 

weighing period. Cumulative and periodic feed to gain ratio
 

calculations were adjusted for mortality. At the conclusion
 

of each study, the bird's sex was verified and mis-sexed
 

birds were not included in the calculations of mean body
 

weights or mean weight gains.
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Statistical Analysis
 

Data from each experiment (body weights, periodic
 

weight gains, feed consumptions, and feed to gain ratios)
 

were analyzed separately as completely randomized designs
 

using the General Linear Models procedure of SAS° (SAS,
 

1988). The experimental units used in this study were
 

individual bird weights for body weight data, and the pen
 

means for feed consumption and feed to gain ratio data.
 

Significant means were separated using the Least Significant
 

Difference test (SAS, 1988).
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RESULTS AND DISCUSSION
 

Experiment 1
 

Body weights of Nicholas market turkey toms measured
 

from day-old to 17 WOA in Experiment 1 (line cross 50-0602)
 

are summarized in Table VI.3. No differences (P>.05) in
 

body weights due to diet were observed until 5 WOA, at which
 

time the birds fed the supplemental YC were heavier
 

(P <.008). The improvement in mean body weight of males fed
 

dietary YC was sustained through 14 WOA, and although the
 

significance (P<.06) of the body weights were not as
 

pronounced, the turkeys fed dietary YC were heavier at 17
 

WOA.
 

Periodic body weight gains were calculated for each
 

period from day-old to 17 WOA, Table VI.4. Increased
 

periodic body weight gains were observed in males fed the
 

diet containing YC from 2 to 5 (P<.001) and from 5 to 8 WOA
 

(P<.02). Periodic feed to gain ratios were lower in birds
 

supplemented with YC from 2 to 5 (P<.005) and 14 to 17
 

(P<.06) WOA, Table VI.5. Cumulative feed to gain ratios
 

were significantly better at 5, 8, and 17 WOA in birds fed
 

the supplemental YC, Table VI.6. Cumulative and periodic
 

feed consumptions did not differ (P>.05) as a result of
 

dietary YC from day-old to 17 WOA, Tables VI.7 and VI.8.
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Mortality rates from day-old to 14 WOA were 3.3 and 6.7
 

percent for diets without and with YC, respectively.
 

Between 14 and 17 WOA, mortality resulting from
 

aspergillosis resulted in 15.5 and 8.9 percent for birds fed
 

diets without and with .25% YC, respectively. The incidence
 

of leg weaknesses observed from day-old to 17 WOA were 13.8
 

and 7.7 for the birds fed diets without and with .25% YC,
 

respectively.
 

Experiment 2
 

Body weights of Nicholas (line cross 88-0602) toms
 

determined at day-old, 2, 5, 8, 11, 14 and 15 weeks, 6 days
 

are summarized in Table VI.3. No differences (P>.05) in
 

body weights, periodic weight gains, feed intakes, or feed
 

to gain ratios between diets without or with YC were
 

observed from day-old to the conclusion of the experiment
 

(Tables VI.4, 5, and 6).
 

Percent mortality from day-old to the conclusion of the
 

study was 7.3 and 5.6 for birds fed diets without or with
 

YC, respectively. Leg weaknesses were more pronounced as
 

the bird's body weight increased at 11 WOA, but was
 

numerically lower in the birds supplemented with .25% YC at
 

15 weeks and 6 days of age as compared to the control diet
 

(2.1 vs 10.0, respectively).
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Experiment 3
 

Body weights of Nicholas market turkeys (line cross 88

0602) fed diets without and with .25% YC from Experiment 3
 

are summarized in Table VI.3. Depressed (P<.01) body
 

weights were observed in birds fed diets containing .25% YC
 

from 2 through 17 WOA. Periodic body weight gains from day-


old through 17 WOA (Table VI.4) revealed significantly
 

depressed periodic weight gains for birds fed the YC from
 

day-old to 11 WOA. Feed to gain ratios were highest (P<.04)
 

in birds fed diets supplemented with YC from 2 to 5 WOA,
 

Table VI.5. Cumulative feed to gain ratios, determined from
 

day of age to 17 WOA, revealed no differences (P>.05)
 

between diets without or with YC, Table VI.6. Feed
 

consumption was reduced (P<.05) in birds from 5 to 8 WOA fed
 

diets with the supplemental YC. Cumulative feed consumption
 

was depressed at 2 (P<.01), 8 (P<.05), 11 (P<.02), and 14
 

WOA (P<.07) in birds fed the YC diets.
 

Mortality from day-old to 17 WOA for birds fed diets
 

without and with YC were 5.1 and 6.4 percent, respectively.
 

Leg weaknesses observed at 17 WOA were 0.0 and 5.6 for the
 

birds fed diets without and with .25% YC, respectively.
 

The results of these three experiments suggest that the
 

Nicholas line cross 50-0602 responded differently to YC
 

supplementation than did the Nicholas line cross 88-0602
 

male turkeys suggesting a genotype-dietary YC interaction.
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Genotype-dietary YC interactions have been reported by
 

various authors (Bradley and Savage, 1993; Hayat et al.,
 

1993; Bradley and Savage, 1994a) using Wrolstand Medium
 

White turkey breeder hens. These somewhat inconsistent
 

findings indicate that the genotype of the bird must be
 

considered when incorporating a YC into poultry feeds. In
 

addition, the variability between Experiments 2 and 3 also
 

suggest that a large amount of variability in results is
 

associated with feeding a YC to market turkeys of the same
 

genotype. Despite the conscious efforts made to eliminate
 

environmental and managerial differences between Experiments
 

2 and 3, variations occurred in the analyzed CP of the diets
 

fed in each Experiment. The CP levels in Experiment 3 were
 

consistently higher except in the feed fed from 5 to 8 WOA
 

and could be the result of poor quality control by the feed
 

manufacturer. The season of the year also differed between
 

Experiments 2 and 3. Experiment 2 was conducted during the
 

winter months from December 1992 through April 1993, while
 

Experiment 3 was conducted during a mild summer from May to
 

September 1993.
 



Table VI.1. Composition of basal corn-soy diets' fed to Nicholas Market Turkeys from day-old to 17 weeks of
 
age
 

Weeks of Age
 

Ingredients and analysis Day-old to 2 2 to 5 5 to 8 8 to 11 11 to 14 14 to 17
 

(%)
 

Corn, yellow (8.9% CP)	 41.63 50.41 52.14 55.83 63.62 70.62
 

Yeast culture2 (12% CP)	 .25 .25 .25 .25 .25 .25
 

Soybean meal (47.5% CP)	 47.18 37.25 33.75 28.75 20.75 14.25
 

Meat and bone meal (50% CP) 6.00 7.50 7.50 7.50 7.50 7.50
 

Limestone flour	 .75 .50 .50 .50 .50 .25
 

Fat (blended, animal)	 1.70 2.25 4.25 5.75 6.25 6.50
 

Vitamin premix3	 .30 .20 .15 .15 .15 .15
 

Monocalcium phosphate	 1.90 1.35 1.15 1.05 .80 .15
 
(16% Ca, 21% P)
 

Salt, iodized	 .10 .05 .10 .10 .10 .10
 

Trace mineral premix'	 .50 .10 .10 .10 .10 .10
 

DL-methionine (98%)	 .19 .19 .16 .12 .08 .08
 

L-lysine (78.4%)	 .15 .15 .15 .15 .15 .15
 

Coban-605 (132g/kg)	 .05 .05 .05
 

Calculated analysis
 

CP (1)	 28.13 25.95 24.43 22.36 19.24 16.90
 

ME, kcal/kg	 2,820 2,909 3,057 3,198 3,327 3,446
 

1 Manufactured by Kropf Feed and Seed, Inc., Harrisburg, OR.
 
2 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA, was added to
 

CS + YC diets only.
 
3 From 0 to 8 WOA contained per kg: vitamin A, 19 065 IU; vitamin D 7 350 ICU; riboflavin, 11 g; d

pantothenic acid, 22 g; niacin, 110 g; choline, 847 g; vitamin B12, 6.6 mg; vitamin E, 33 110 IU; vitamin K,
 
2.2 g; folacin, 1 g; biotin, 121 mg; pyrodoxine, 3.3 g; thiamine, 1.8 g.
 

From 8 to 17 WOA contained per kg: vitamin A, 14 670 IU; vitamin D3, 4 400 ICU; riboflavin, 10.8 g;
 
d-pantothenic acid, 29 g; niacin, 110 g; choline, 440 g; vitamin B12, 4.4 mg; vitamin E, 22 000 IU; vitamin
 
K, 1.5 g; folacin, 732 mg; biotin, 112 mg; pyrodoxine, 2.2 g, thiamine, 1.3 mg.
 

4 Supplies per kg of feed: Ca, 650 g; Mn, 332 g; Zn, 332 g; Fe 266 g; Cu, 27 g;	 I, 3.3 g; Se, .66 g.(I-3
 

Gratuitously provided by Elanco Inc., Indianapolis, IN. co
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Table VI.2. Analyzed' CP ( %) of corn-soy diets without (CS) and with
 
.255:c yeast culture2 (CS + YC) fed to Nicholas Market Turkeys from day-

old to 17 weeks of age
 

Weeks of age
 

Diet	 Day-old 2 to 5 5 to 8 8 to 11 11 to 14 14 to 173
 
to 2
 

Experiment 1
 

CS 29.41 22.48 21.89 20.75 18.38 16.42
 

CS + YC	 28.17 21.78 22.28 20.66 18.37 16.34
 

Experiment 2
 

CS 28.10 22.60 23.30 20.80 17.86 15.92
 

CS + YC 28.20 22.30 24.03 19.34 18.54 15.52
 

Experiment 3
 

CS 28.65 23.38 22.01 23.08 18.99 18.41
 

CS + YC 28.98 24.84 22.91 20.43 18.08 18.34
 

1 Kjeldahl analysis.
 
2 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills
 

Inc., Cedar Rapids, IA.
 
3 Except in Experiment 2, birds were 15 weeks and 6 days of age.
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Table VI.3. Body weights (kg) of Nicholas Market Turkeys fed diets
 
without (CS) and with .25%- yeast culture' (CS + YC) from day-old to 17
 
weeks of age
 

Weeks of Age
 

Diet Day-old 2 5 8 11 14 172
 

Experiment 1
 

CS .058 .24 1.04b 2.80b 5.69b 8.31b 9.98 

CS + YC .059 .24 1.12a 3.03a 6.04a 8.77a 10.46 

SEM .001 .01 .02 .06 .09 .12 .18 

Source of Probabilities
 
variation
 

Diet NS NS <.001 <.003 <.008 <.008 <.06
 

Experiment 2
 

CS .055 .26 1.09 3.40 6.57 9.77 11.98
 

CS + YC .054 .25 1.06 3.43 6.65 9.94 12.24
 

SEM .002 .01 .05 .15 .28 .45 .61
 

Source of Probabilities
 
variation
 

Diet NS NS NS NS NS NS NS
 

Experiment 3
 

CS .061 .25a 1.02' 3.11a 6.38a 9.40a 12.55a
 

CS + YC .060 .24b .90b 2.82b 5.57b 8.60b 11.85b
 

SEM .001 .01 .02 .05 .09 .12 .15
 

Source of Probabilities
 
variation
 

Diet NS <.01 <.001 <.001 <.001 <.001 <.001
 

XP yeast culture®, Saccharomyces cerevisiaeP, Diamond V. Mills 
Inc., Cedar Rapids, IA. 

2 Experiment 2, birds were 15 weeks and 6 days of age. 
a , b Means within columns in each experiment with no common 

superscripts differ significantly (P<.05).
 

1 
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Table VI.4. Periodic body weight gains (kg) of Nicholas Market Turkeys
 
fed diets without (CS) and with .25%- yeast culture' (CS + YC) from day-

old to 17 weeks of age
 

Weeks of Age
 

Diet	 Day-old 2 to 5 5 to 8 8 to 11 11 to 14 14 to 172
 
to 2
 

Experiment 1
 

CS .18 .80' 1.76b 2.87 2.62 1.69 

CS + YC .18 .88' 1.90' 2.98 2.74 1.66 

SEM .01 .01 .04 .05 .07 .14 

Source of Probabilities
 
variation
 

Diet NS <.001 <.02 NS NS NS
 

Experiment 2
 

CS .20 .83 2.31 3.17 3.20 2.08 

CS + YC .20 .81 2.36 3.23 3.29 2.26 

SEM .01 .04 .10 .14 .23 .30 

Source of	 Probabilities
 
variation
 

Diet NS NS NS NS NS NS
 

Experiment 3
 

CS	 .19a .76a 2.09' 3.27' 3.01 3.16
 

CS + YC	 .186 .67b 1.91b 2.74' 3.01 3.27
 

SEM .01 .01 .04 .06 .08 .08
 

Source of	 Probabilities
 
variation
 

Diet <.02 <.001 <.003 <.001 NS NS
 

1 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills
 
Inc., Cedar Rapids, IA.
 

2 Except in Experiment 2, birds were 15 weeks and 6 days of age.
 
a,b Means within experiments in columns with no common superscripts
 

differ significantly (P<.05).
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Table VI.5. Periodic feed to gain ratios (g:g) of Nicholas Market
 
Turkeys fed diets without (CS) and with .25% yeast culture' (CS + YC)
 
from day-old to 17 weeks of age
 

Weeks of age 

Diet 2 to 5 5 to 8 8 to 11 11 to 14 14 to 172 

Experiment 1 

CS 1.82' 1.96 2.11 2.73 4.26 

CS + YC 1.71b 1.87 2.12 2.89 3.54 

SEM .01 .04 .05 .07 .20 

Source of Probabilities
 
variation
 

Diet <.005 NS NS NS <.06
 

Experiment 2
 

CS 1.74 1.70 2.23 2.95 3.62
 

CS + YC 1.72 1.68 2.30 3.02 3.48
 

SEM .02 .06 .08 .11 .21
 

Source of Probabilities
 
variation
 

Diet NS NS NS NS NS
 

Experiment 3
 

CS 1.90b 1.82 2.02 2.87 3.53
 

CS + YC 1.98a 1.73 1.92 2.82 3.11
 

SEM .02 .09 .14 .10 .15
 

Source of Probabilities
 
variation
 

Diet <.04 NS NS NS NS
 

XP yeast culture®, Saccharomyces cerevisiaes, Diamond V. Mills
 
Inc., Cedar Rapids, IA.
 

2 Except in Experiment 2, birds were 15 weeks and 6 days of age.
 
a.b Means within the same experiment in columns having no common
 

superscripts differ significantly (P<.05).
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Table VI.6. Cumulative feed to gain ratios (g:g) of Nicholas Market
 
Turkeys fed diets without (CS) and with .259s yeast culture' (CS + YC)
 
from day-old to 17 weeks of age
 

Weeks of Age
 

172
Diet 2 5 8 11 14
 

Experiment 1
 

CS 1.45 1.76a 1.89 2.00 2.23 2.56
 

CS + YC 1.45 1.666 1.80 1.96 2.25 2.48
 

SEM .04 .01 .03 .03 .02 .02
 

Source of Probabilities
 
variation
 

Diet NS <.006 <.07 NS NS <.07
 

Experiment 2
 

CS 1.52 1.70 1.70 1.96 2.29 2.53
 

CS + YC 1.56 1.69 1.68 1.98 2.32 2.54
 

SEM .20 .04 .04 .03 .05 .04
 

Source of Probabilities
 
variation
 

Diet NS NS NS NS NS NS
 

Experiment 3
 

CS 1.55 1.83 1.82 1.92 2.23 2.56
 

CS + YC 1.55 1.89 1.78 1.85 2.18 2.44
 

SEM .05 .02 .07 .04 .03 .04
 

Source of Probabilities
 
variation
 

Diet NS NS NS NS NS NS
 

XP yeast culture, Saccharomyces cerevisiae", Diamond V. Mills 
Inc., Cedar Rapids, IA. 

2 Except in Experiment 2, birds were 15 weeks and 6 days of age. 
a , b Means within columns in each experiment with no common
 

superscripts differ significantly (P<.05).
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CHAPTER VII
 

GENERAL DISCUSSION
 

CONCLUSIONS AND POSTULATIONS
 

The studies conducted demonstrate that the
 

incorporation of a dietary yeast in the form of a yeast
 

culture containing Saccharomyces cerevisiae (YC) and a
 

dried yeast containing Saccharomyces cerevisiae var.
 

boulardii (SCB) into turkey diets can improve nutrient
 

retention, improve hatchability of fertile turkey eggs in
 

select genetic lines, alter gut morphology in the small
 

intestine (ileum), and also produce inconsistent results
 

regarding male market turkey performance.
 

The common ingredient to both the dried yeast (SCB) and
 

the YC are viable yeast cells which are believed to be the
 

essential component. It is hypothesized that when yeast
 

cells are fed to birds, they produce enzymes and vitamins
 

within the bird's gastrointestinal tract (which might
 

otherwise be limited in availability and be suppressing the
 

bird's optimal performance) and provide improved responses.
 

Chapter III
 

Increased utilization of dietary gross energy,
 

nitrogen, calcium, phosphorus, boron, potassium, magnesium,
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and manganese were observed in poults fed diets supplemented
 

with YC when compared to the control diet and diet
 

containing autoclaved (inactivated) YC. The retentions of
 

copper, iron, and zinc were not statistically improved with
 

the addition 196 YC to the diets of poults although there
 

were numerical differences. The absence of an effect with
 

the autoclaved (inactivated) YC indicates that autoclaving
 

impairs the ability of the YC to increase the utilization of
 

selected nutrients in poults at 28 DOA. Since the process
 

of autoclaving greatly reduces the number of viable yeast
 

cells, the process of feed pelleting may also be detrimental
 

to viable yeast cells. One challenge confronting the
 

poultry industry concerns the use of DFM products and the
 

practice of feed pelleting and its inactivation of the DFM's
 

viable microbial cells (Headen, 1992). Therefore, the
 

development of better feed application procedures and new
 

yeast DFM products must be pursued. In the future,
 

researchers may identify yeast and other viable DFM products
 

that can be added to the feed in a liquid form (such as
 

mixing with cane molasses solubles or blended animal-


vegetable fats, etc.) following the pelleting process to
 

insure microbial viability in the finished feed (Mark
 

Richards, 1993, Medipharm Inc., 10215 Dennis Drive, Des
 

Moines, IA, personal communication).
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Enzymatic activity
 

Phytase is an enzyme capable of releasing nutrients
 

bound by phytate, a well known natural anti-nutritional
 

factor present in most common cereal grains. Phytate's
 

strong chelating ability allows it to tightly bind nutrients
 

such as calcium, zinc, and copper in the gastrointestinal
 

tract of poultry, and results in higher nutrient
 

requirements in the ration as well as increased nutrients
 

excreted (Savage et al., 1964; Waldroup et al., 1964; Scott
 

et a/., 1982; Erdman, 1989; Cheeke, 1991; Perney et al.,
 

1993; Power, 1993; Ward, 1993). Phytase has been reported
 

to increase the utilization of unavailable nutrients in
 

corn-soybean meal type rations (Mitchell and Edwards, 1994),
 

thereby reducing the nutrients excreted. It is not yet
 

economically advantageous, however, to supplement poultry
 

diets with phytase because of the relatively low cost of
 

phosphorus (Ledoux et al., 1994). Nevertheless, because
 

future regulatory restrictions on the application of poultry
 

waste are deemed inevitable (Patterson and Lorenz, 1993),
 

the enforcement of these regulations may cause phytase
 

supplementation to become more economically feasible (Robert
 

Wagstaff, 1994, Kemin Industries, 2100 Maury Street, Des
 

Moines, IA, personal communication).
 

Yeast DFM (yeast cultures) possess phytase activity
 

(Thayer et al., 1978) and have been observed to increase the
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utilization of nutrients (gross energy, nitrogen,
 

phosphorus, calcium, boron, potassium, magnesium, and
 

manganese) in corn-soybean meal rations fed to turkeys.
 

Therefore, the use of yeast DFM could be a viable and more
 

economical alternative to the use of phytase
 

supplementation. In addition, supplemental enzymes present
 

in yeast and YC may also permit the utilization of low
 

quality grains to a greater extent (Gonzalez, 1993).
 

Chapter IV
 

Early embryonic mortality (Days 0-10) was reduced in
 

the three lines of breeder hens when supplemental YC was
 

provided in the maternal diet. Hatch of fertile eggs was
 

consistently increased in one of the lines (C), revealing a
 

significant genotype-dietary YC interaction. Genotype and
 

the duration of pre-incubation egg storage time proved to be
 

important factors to be considered when evaluating the
 

efficacy of feeding breeder hens supplemental YC.
 

The nutrient requirements of each bird, such as
 

protein, depend on numerous metabolic reactions which are
 

governed by enzymatic systems involved in the catabolism and
 

anabolism of amino acids. Each of these enzyme systems is
 

under genetic regulation which can also be influenced by the
 

environment of the bird (Scott et al., 1982). Hens of two
 

lines (H and C) apparently require an increased amount of a
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specific nutrients such as protein or phosphorus which the
 

YC may be providing through increased enzymatic activity in
 

the gut (Thayer et al., 1978).
 

Chapter V
 

The addition of SCB to poult diets increased body
 

weights and decreased both goblet cell numbers and crypt
 

depth in the ileum. A decreased crypt depth in the ileal
 

portion of the small intestine accompanying the feeding of
 

.02% SCB may indicate a decreased proliferation of
 

epithelial cells of the ileal mucosa (Neutra, 1988). This
 

decreased turnover rate in the ileum could be a result of a
 

decreased number of toxin producing bacteria (Radecki et
 

al., 1992) or possibly the ability of yeast to suppress the
 

effects of toxic metabolites (Stanley et al., 1993). The
 

energy conserved by a reduction in the epithelial cell
 

proliferation may then be utilized by the poult for growth,
 

thereby improving its feed to gain ratio (Radecki et al.,
 

1992)
 .
 

To date, literature regarding the incorporation of SCB
 

and YC into poultry diets is inconclusive. Further work is
 

encouraged in order to understand the potential benefits of
 

yeast DFM products in poultry feeds. Potter et al. (1991)
 

reported that the addition of enzymes to feed or water of
 

turkey poults fed low protein diets significantly increased
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weight gain. The results from this experiment are in
 

agreement with those observations as poults fed 26% CP diets
 

sustained improved body weights when supplemented with SCB
 

at .01, .02, and .06% of the diets. The supplementation of
 

.02% SCB resulted in optimal poult performance. The
 

enzymatic activity (such as phytase) in the gastrointestinal
 

tract should be measured in order to evaluate the enzymatic
 

contribution of SCB in turkeys. If the yeast's enzymes are
 

the chief active component in both yeasts and YC, this
 

factor could explain some of the variation encountered when
 

using yeast DFM products (Potter et a/., 1991).
 

Chapter VI
 

Three experiments evaluating the effects of .25% YC in
 

the diets of Large White market male turkeys of two
 

different line crosses were conducted and resulted in
 

confounding results. The results of supplementing diets
 

with YC were inconclusive since body weights and feed to
 

gain ratios were improved in one experiment and were either
 

not influenced or suppressed in two subsequent experiments.
 

Different commercial market male turkey line crosses (50

0602 and 88-0602) responded differently to the same level of
 

YC supplementation suggesting the presence of a genotype-


dietary YC interaction. Genotype-dietary YC interactions
 

have been reported by various authors (Bradley and Savage,
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1993; Hayat et al., 1993; Bradley and Savage, 1994) using
 

Wrolstand Medium White turkey breeder hens. These somewhat
 

inconsistent findings also indicate that the genotype of the
 

market turkey must be considered when incorporating a YC
 

into poultry feeds. In addition, there was variability
 

associated with feeding a YC to market turkeys of the same
 

genotype which may indicate a environmental-dietary YC
 

interaction.
 

General Conclusion
 

The responses observed in these studies have identified
 

bird genotype and management as factors that influence the
 

responsiveness of birds fed diets containing yeast (SCB and
 

YC). Increased hatchability in select genetic lines of
 

breeder hens fed diets containing YC were repeatable, while
 

variable results were observed in body weight gain and feed
 

to gain ratios of market male turkeys. The fact that
 

excessive variability was present between market turkeys
 

studies does not discredit the repeatable responses observed
 

in breeder turkey hen studies. The variable results
 

observed in the market turkey studies indicate that further
 

research is required to understand the various factors which
 

affect a bird's responsiveness to dietary inclusion of a YC.
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FUTURE USE AND DEVELOPMENT OF DFM PRODUCTS
 

The possibilities for future uses of DFM products are
 

intriguing. As more products are being developed and
 

evaluated, it is imperative that a clear and detailed
 

identification of each of these products be made instead of
 

simply referring to them as a "DFM". In addition, future
 

genetic and environmental manipulation of the yeast cells
 

should be pursued in order to produce specialized yeast DFM
 

products with very specific poultry feed applications.
 

Currently, a yeast DFM product developed for use in corn-


soybean meal type feeds (for all types of poultry) is being
 

pursued (Wiseman, 1991; Miles, 1993; Andrew Morgan and Craig
 

Wyatt, 1994, Finnfeeds International LTD High Street,
 

Marlborough, Wiltshire, SNB IAA, U.K., personal
 

communications). In the future, a yeast DFM product could
 

be specifically manufactured for use in poultry starter
 

diets containing wheat while a different yeast DFM product
 

could be produced for use in diets containing barley.
 

NOVEL TECHNOLOGIES IN DFM FEED DELIVERY
 

Since the viability of DFM products is thought to be
 

important in their effectiveness, new ideas and technologies
 

may facilitate novel ways in which to incorporate DFM in
 

poultry diets. Incorporating a bacterial DFM within a by
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product carrier, such as condensed cane molasses solubles,
 

has been proven to be effective in preserving bacterial
 

viability in mash diets fed to SCWL laying hens (Nahashon et
 

al., 1993). Yeast may also be used to encapsulate micro-


nutrients as an encapsulating agent. This technique would
 

allow for the protection and uniform distribution throughout
 

the feed of the yeast as well as the micro-nutrients
 

(Johnson, 1977). Another approach, which has been used to
 

a limited extent, is to blend the DFM product with dietary
 

animal fat which is then applied to the feeds after the
 

pelleting process (John Gauwitz, 1993, 305 W. Ash,
 

Chillicothe, IL, personal communication). In addition, the
 

procedure of top-dressing a feed with a DFM product may
 

prove to be especially valuable when starting birds. The
 

economic benefits of yeast and other DFM products, however,
 

need to be evaluated under field conditions in order to
 

ascertain their practical use in the industry (Jones, 1994).
 

YulugE PROSPECTS FOR DFM PRODUCTS
 

In order to better understand the mode of action of DFM
 

products, Miles (1993) believes future research should
 

emphasize the identification of animals within a population
 

which would benefit from DFM supplementation. This concept
 

may be taken a step further in that future research may need
 

to emphasize the identification of genetic populations of
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poultry which may benefit from the use of a specific DFM.
 

Bradley and Savage (1993 and 1994) have reported studies
 

using three genetic lines of turkey breeder hens which have
 

confirmed the hypothesis that YC (a yeast DFM product) may
 

not be suitable for use in certain genetic lines of birds.
 

In addition, further studies designed to evaluate the
 

effects of yeast DFM products in the diets of poultry might
 

emphasize the following:
 

1) the evaluation of DFM products in stress related
 

situations in poultry production systems,
 

2) the use of DFM products to increase the 

availability of nutrients from lower quality 

feedstuffs, 

3)	 the effects of DFM products on embryo
 

development,
 

4)	 the quantitation of morphological changes in the
 

gastrointestinal tract of poultry fed DFM
 

products,
 

5)	 the comparison of different yeast DFM products
 

commercially available, and
 

6)	 the evaluation of these DFM products using larger
 

flocks raised under industrial management
 

conditions (field trials--in order to determine
 

the efficacy of their use in the poultry
 

industry).
 



186 

REFERENCES
 

Bradley, G. L., and T. F. Savage, 1993. Effect of
 
pre-incubation egg storage time and genotype on
 
hatchability of eggs from turkey breeder hens fed a
 
diet containing a yeast culture. Poultry Sci.
 
72(Suppl. 1):44.(Abstr.)
 

Bradley, G. L., and T. F. Savage, 1994. Dietary
 
interaction between turkey breeder hen genotype and
 
the feeding of a yeast culture (YC) on hatchability
 
of fertile eggs stored 0-4, 5-9, and 10-14 days prior
 
to incubation. Poultry Sci.
 
73(Suppl. 1) : .(Abstr.)
 

Cheeke, P. R., 1991. Feed additives. Pages 228-256 in:
 
Applied Animal Nutrition. MacMillan Publishing
 
Company, New York, NY.
 

Erdman, J. W., 1989. Phytic acid interactions with
 
divalent cations in foods and in the gastrointestinal
 
tract. Pages 161-171 in: Mineral Absorption in the
 
Monogastric GI Tract. F. R. Dintizis and J. A.
 
Laszlo, ed. Plenum Press, New York, NY.
 

Gonzalez, S. S., 1993. Improving utilization of poor
 
quality forages with yeast culture. Pages 255-267
 
in: Biotechnology in the Feed Industry. Proceedings
 
of Alltech's Ninth Annual Symposium. T. P. Lyons,
 
ed. Alltech Technical Publications, Nicholasville,
 
KY.
 

Hayat, J., T. F. Savage, and L. W. Mirosh, 1993. The
 
reproductive performance of two genetically distinct
 
lines of Medium White turkey hens when fed breeder
 
diets with and without a yeast culture containing
 
Saccharmyces cerevisiae. Anim. Feed Sci. and Tech.
 
43:291-301.
 

Headen, D. R., 1992. Pelleted Feeds: Selecting stable
 
yeast cultures. Feed Management 43(9):36-44.
 

Johnson, J. C., 1977. General processes. Pages 3-43 in:
 
Yeasts for Food and Other Purposes. Noyes Data
 
Corporation, Park Ridge, NJ.
 

Jones, F., 1994. In field, DFM performed well but in
 
unexpected ways. Feedstuffs 66(3):27-28.
 



187 

Ledoux, D. R., K. Zyla, and T. Veum, 1994. Substitution
 
of phytase for inorganic phosphorus in the diets of
 
turkey hens grown to market weight. Poultry Sci.
 
73(Suppl. 1).(Abstr.)
 

Miles, R. D., 1993. Manipulation of the microflora of
 
the gastrointestinal tract: Natural ways to prevent
 
colonization by pathogens. Pages 133-150 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Ninth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Mitchell, R. D., and H. M. Edwards, Jr., 1994. The
 
effects of supplemental phytase on calcium and
 
phosphorus requirements of broiler chicks. Poultry
 
Sci. 73(Suppl. 1).(Abstr.)
 

Nahashon, S. N, H. S. Nakaue, and L. W. Mirosh, 1993.
 
Effect of direct-fed microbials on nutrient retention
 
and production parameters of single comb white
 
leghorn (SCWL) pullets. Poultry Sci.
 
72(Suppl. 1):87.(Abstr.)
 

Neutra, M. R., 1988. The gastrointestinal tract. Pages
 
641-683 in: Cell and Tissue Biology, A Textbook of
 
Histology. L. Weiss, ed. Urban & Schwarzenberg,
 
Baltimore, MD.
 

Patterson, P. H., and E. S. Lorenz, 1993. Nutrient
 
Management of leghorn pullets: Manure production and
 
nutrient concentration. Poultry Sci.
 
72(Suppl. 1):7.(Abstr.)
 

Perney, K. M., A. H. Cantor, M. L. Straw, and K. L.
 
Herkelman, 1993. The effect of dietary phytase on
 
growth performance and phosphorus utilization of
 
broiler chicks. Poultry Sci. 72:2106-2114.
 

Potter, L. M., R. M Hulet, and C. W. Ritz, 1991. Effects
 
of added enzyme supplements to diets of turkeys.
 
Poultry Sci. 70(Suppl. 1):176.(Abstr.)
 

Power, R., 1993. Phytase: The limitations to its
 
universal use and how biotechnology is responding.
 
Pages 355-368 in: Biotechnology in the Feed
 
Industry. Proceedings of Alltech's Ninth Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 



188 

Radecki, S. V., P. K. Ku, M. R. Bennink, M. T. Yokoyama,
 
and E. R. Miller, 1992. Effect of dietary copper on
 
intestinal mucosa enzyme activity, morphology, and
 
turnover rates in weanling pigs. J. Anim. Sci.
 
70:1424-1431.
 

Savage, J. E., J. M. Yohe, E. E. Pickett, and B. L.
 
O'Dell, 1964. Zinc metabolism in the growing chick.
 
Tissue concentration and effect of phytate on
 
absorption. Poultry Sci. 43:420-426.
 

Scott, M. L., M. C. Nesheim, and R. J. Young, 1982.
 
Nutrition of the Chicken. 3rd ed. M. L. Scott and
 
Associates, Ithaca, NY.
 

Stanley, V. G., R. Ojo, S. Woldesenbet, D. Hutchinson, and
 
L. F. Kubena, 1993. The use of Saccharomyces
 
cerevisiae to suppress the effects of aflatoxicosis
 
in broiler chicks. Poultry Sci. 72:1867-1872.
 

Thayer, R. H., R. F. Burkitt, R. D. Morrison, and E. E.
 
Murray, 1978. Efficiency of utilization of dietary
 
phosphorus by caged turkey breeder hens when fed
 
rations supplemented with live yeast culture.
 
MP-103:173-181. Oklahoma State Agric. Exp. Sta.
 
Res. Rep. Stillwater, OK.
 

Waldroup, P. W., C. B. Ammerman, and R. H. Harms, 1964.
 
The availability of phytic acid phosphorus sources.
 
Poultry Sci. 43:426-432.
 

Ward, N. E., 1993. Phytase in nutrition and waste
 
management. Poultry Dig. 52(9):10-15.
 

Wiseman, A., 1991. Editor's introduction. Pages 7-10 in:
 
Genetically-engineered Proteins and Enzymes from
 
Yeasts: Production Control. A. Wiseman, ed. Ellis
 
Horwood Limited, New York, NY.
 



189 

BIBLIOGRAPHY
 

Andrews, J., 1991. Pelleting: a review of why, how, value
 
and standards. Poultry Dig. 50(8):64-71.
 

Anonymous, 1977. No effects noted in probiotics pelleting
 
study. Feedstuffs 49(2):37.
 

Anonymous, 1993. Effect of yeast culture on the
 
performance of market turkeys. Research Report
 
XM9363. Diamond V. Mills, Inc., Cedar Rapids, IA.
 

Antranikian, G., 1992. Microbial degradation of starch.
 
Pages 28-56 in: Microbial Degradation of Natural
 
Products. G. Winkelmann, ed. VCH Publishers, Inc.,
 
New York, NY.
 

Appleby, M. C., B. 0. Hughes, and H. A. Elson, 1992.
 
Poultry Production Systems. C. A. B. International,
 
Wallingford, Oxon, U.K.
 

Association of American Feed Control Officials, 1989.
 
Page 205 in: Official Publication of the Association
 
of American Feed Control Officials. Atlanta, GA.
 

Association of Official Analytical Chemists, 1980.
 
Official Methods of Analysis. 13th ed. Association
 
of Official Analytical Chemists, Washington, DC.
 

Bailey, J. S., L. C. Blankenship, N. J. Stern, N. A. Cox,
 
and F. McHan, 1988. Effect of anticoccidial and
 
antimicrobial feed additives on prevention of
 
Salmonella colonization of chicks treated with
 
anaerobic cultures of chicken feces. Avian Dis.
 
32:324-329.
 

Barnes, H. J., 1987. Escherichia coli problems in poultry
 
production. Pages 333-338 in: Alltech's Third
 
Annual Biotechnology Symposium. Alltech, Inc.,
 
Nicholasville, KY. 

Barton, T. L, 1992. 
Sci. 71:1116. 

Symposium: Poultry waste. Poultry 

Bentley, E. C., 1989. The IA and IIA cations. 
141-176 in: Metals and Micro-Organisms. 

Pages 
M. N. 

Hughes and R. K. Poole, ed. Chapman and Hall, New
 
York, NY.
 



190 

Bhattacharjee, J. K., 1985. Alpha-aminoadipate for the
 
biosynthesis of lysine in lower eukaryotes. CRC
 
Crit. Rev. Micro. 12(2):131-151.
 

Blankenship, L. C., J. S. Bailey, N. A. Cox, N. J. Stern,
 
R. Brewer, and 0. Williams, 1993. Two-step mucosal
 
competitive exclusion flora treatment to diminish
 
salmonellae in commercial broiler chickens. Poultry
 
Sci. 72:1667-1672.
 

Boedeker, E. C., 1984. Attachment of organisms to the gut
 
mucosa. Volume 1. CRC, Boca Raton, FL.
 

Bolden, S L., and L. S. Jensen, 1985. The effect of
 
marginal levels of calcium, fish meal, torula yeast
 
and alfalfa meal on feed intake, hepatic lipid
 
accumulation, plasma estradiol, and egg shell quality
 
among laying hens. Poultry Sci. 64:937-946.
 

Boyett, G., 1990. Information on yeast in feed coming to
 
light. Feedstuffs 62(33):3.
 

Bradley, G. L., and T. F. Savage, 1993. Effect of
 
pre-incubation egg storage time and genotype on
 
hatchability of eggs from turkey breeder hens fed a
 
diet containing a yeast culture. Poultry Sci.
 
72(Suppl. 1):44.(Abstr.)
 

Bradley, G. L., and T. F. Savage, 1994a. Dietary
 
interaction between turkey breeder hen genotype and
 
the feeding of a yeast culture (YC) on hatchability
 
of fertile eggs stored 0-4, 5-9, and 10-14 days prior
 
to incubation. Poultry Sci.
 
73(Suppl. 1) : .(Abstr.)
 

Bradley, G. L., and T. F. Savage, 1994b. Enhanced
 
utilization of dietary calcium, phosphorus, nitrogen
 
and metabolizable energy in poults fed diets
 
containing a yeast culture (YC). Poultry Sci.
 
73(Suppl. 1): .(Abstr.)
 

Brake, J., 1991. Lack of effect of a live yeast culture
 
on broiler breeder and progeny performance. Poultry
 
Sci. 70:1037-1039.
 

Brearley, R. D., and D. E. Kelly, 1991. Genetic
 
engineering techniques in yeast. Pages 75-95 in:
 
Genetically-engineered Proteins and Enzymes from
 
Yeast: Production Control. A. Wiseman, ed. Ellis
 
Horwood Limited, New York, NY.
 



191 

Brewer, C. E., 1983. Live yeast culture as a feed
 
ingredient for market turkeys. Breakthrough 7:3.
 
N.C. State Agri. Ext. Service, Raleigh, NC.
 

Brown, R. H., 1991.	 Bacterium may improve turkey growth.
 
Feedstuffs 63(28):19.
 

Brown, R. H., 1992. Leg weakness in tom turkeys draws
 
attention. Feedstuffs 64(1):25.
 

Brown, R. H., 1993. Kentucky researchers find ways to
 
test yeast's functioning. Feedstuffs 65(20):21.
 

Bui, K., and P. Galzy, 1990. Food yeast. Pages 241-265
 
in: Yeast Technology. J. F. T. Spencer and D. M.
 
Spencer, ed. Springer-Verlag, New York, NY.
 

Cantor, A. H., T. H. Johnson, and A. S. Hussein, 1983.
 
Effects of Diamond V "XP" yeast culture on feed
 
palatability in turkeys. Research Abstract M 8320.
 
Diamond V. Mills Inc., Cedar Rapids, IA.
 

Carlson, G. S., 1993. De la Garza criticized for hosting
 
PETA-sponsored vegetarian lunch. Feedstuffs 65(9):4.
 

Carlstedt-Duke, B., 1989. The normal microflora and
 
mucin. Pages 109-127 in: The Regulatory and
 
Protective Role of the Normal Microflora. Wenner-

Gren International Symposium Series, Volume 52.
 
R. Grubb, T. Midtvedt and E. Norin, ed. Stockton
 
Press, New York, NY.
 

Cartwright, C. P., Juroszek, M. J. Beavan, F. M. S. Ruby,
 
S. F. de Morais, and A. H. Rose. 1986. Ethanol
 
dissipates the proton motive force across the plasma
 
membrane of Saccharomyces cerevisiae. J. Gen.
 
Microbiol. 132:369.
 

Castaldo, D. J., 1991. Antibiotic and probiotic
 
combinations. Feed Management 42(1):26-34.
 

Charles, 0. W., S. Duke, and N. Dale, 1985. The effect of
 
yeast culture on feed grade fat digestion in broiler
 
diets. Extension Poultry Science Department,
 
University of Georgia. Report No. 299. Special
 
Report to Diamond V. Mills, Inc. Cedar Rapids, IA.
 



192 

Cheeke, P. R., 1991. Feed additives. Pages 228-256 in:
 
Applied Animal Nutrition. MacMillan Publishing
 
Company, New York, NY.
 

Chesson, A., 1991. Use of bacteria in disease control and
 
growth promotion in pigs and poultry. Pages 1-2 in:
 
Antibacterials and Bacteria. Misset International
 
Book Service, Doetinchem, The Netherlands.
 

Chr. Hansen's Biosystems, 1991. All yeast products are
 
not alike. Page 2 in: Bio-gram Newsletter from Chr.
 
Hansen's Biosystems. Chr. Hansen's Biosystems
 
Laboratory, Inc., Milwaukee, WI.
 

Classen, H. L., 1992. Microbial enzyme use in feed.
 
Pages 23-26 in: 1993 Direct-fed Microbial, Enzyme
 
and Forage Additive Compendium. S. Muirhead, ed.
 
The Miller Publishing Company, Minnetonka, MN.
 

Cole, D. J. A, 1991. The role of the nutritionist in
 
designing feeds for the future. Pages 1-20 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Seventh Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Cole, D. J. A., 1993. Controlling the impact of nitrogen
 
waste products on animal health, performance and the
 
environment. Pages 293-305 in: Biotechnology in the
 
Feed Industry. Proceedings of Alltech's Ninth Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 

Cook, R. E., 1990. Symposium: Poultry Science in the
 
Year 2000. Poultry Sci. 69:2102.
 

Corrier, D. E., A. G. Hollister, D. J. Nisbet, C. M.
 
Scanlan, and J. R. DeLoach, 1993. Control of
 
Salmonella enteritidis in leghorn chicks:
 
Administration of competitive exclusion cultures
 
encapsulated in alginate beads. Poultry Sci.
 
72(Suppl. 1):4.(Abstr.)
 

Cox, N. A., J. S. Bailey, and M. E. Berrang, 1993. Oral,
 
naval, nasal and intracloacal routes of colonizing
 
the intestinal tract of young chicks with salmonella.
 
Poultry Sci. 72(Suppl. 1):5.(Abstr.)
 



193.
 

Cromwell, G. L., and R. D. Coffey, 1991. Phosphorus-A key
 
essential nutrient, yet a possible major pollutant-

Its central role in animal nutrition. Pages 133-145
 
in: Biotechnology in the Feed Industry. Proceedings
 
of Alltech's Seventh Annual Symposium. T. P. Lyons,
 
ed. Alltech Technical Publications,
 
Nicholasville, KY.
 

Czarnocki, J., I. R. Sibbald, and E. V. Evans, 1961. The
 
determination of chromic oxide in samples of feed and
 
excreta by acid digestion and spectrophometry. Can.
 
J. Anim. Sci. 41:167-179.
 

Damron, B. L., H. R. Wilson, R. A. Voitle, and R. H.
 
Harms, 1981. A mixed lactobacillus culture in the
 
diet of broad breasted large white turkey hens.
 
Poultry Sci. 60:1350-1351.
 

Dawson, K. A., 1993a. Current and future role of yeast
 
culture in animal production: A review of research
 
over the last seven years. Pages 269-291 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Ninth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Dawson, K. A., 1993b. The use of Yeast cultures in
 
animals feeds: A scientific application of direct-

fed microbials and challenges of the future. Pages
 
169-171 in: Biotechnology in the Feed Industry.
 
Proceedings of Alltech's Ninth Annual Symposium.
 
Alltech Technical Publication. T. P. Lyons, ed.
 
Nicholasville, KY.
 

Day, E. J., 1977. Effect of yeast culture on tibia bone
 
ash on three-week old broiler chicks fed graded
 
levels of inorganic phosphate. Res. Bull.,
 
Mississippi State University, Starkville, MS.
 

Day, E. J., B. C. Dilworth, and S. Omar, 1987. Effect of
 
varying levels of phosphorus and live yeast culture
 
in caged layer diets. Poultry Sci. 66:1402-1410.
 

De Mot, R., 1990. Conversion of starch by yeasts. Pages
 
163-222 in: Yeast. H. Verachtert and R. De Mot, ed.
 
Marcel Dekker, Inc., New York, NY.
 



194 

De Wilde, M. J., 1990. Yeast as a host for the production
 
of macromolecules of prophylactic or therapeutic
 
interest in human health care. Pages 479-504 in:
 
Yeast. H. Verachtert and R. De Mot, ed. Marcel
 
Dekker, Inc., New York, NY.
 

Derieux, W. T., 1980. Effect of various feed additives on
 
immune response of turkeys vaccinated with live
 
Pasteurella multocida in drinking water. Avian Dis.
 
24:481-485.
 

Devegowda, G., and B. I. R. Aravind, 1993. Effect of
 
Yea-Sacc"26 on performance of broilers during
 
aflatoxicosis. Research Report. Alltech, Inc.,
 
Nicholasville, KY.
 

Edmonds, M. S., and R. G. Teeter, 1983. The effect of
 
yeast culture on the performance of two poultry types
 
fed under various regimes. MP-114:242-244. Oklahoma
 
State Agric. Exp. Sta. Res. Rep. Stillwater, OK.
 

Edwards, H. M., and M. B. Gillis, 1959. A chromic oxide
 
method for determining phosphate availability.
 
Poultry Sci. 38:569-574.
 

Eldred, A. R., B. L. Damron, and R. H. Harms, 1975.
 
Evaluation of dried brewers grains and yeast in
 
laying hen diets containing various sulfur amino acid
 
levels. Poultry Sci. 54:856-860.
 

Erdman, J. W., 1989. Phytic acid interactions with
 
divalent cations in foods and in the gastrointestinal
 
tract. Pages 161-171 in: Mineral Absorption in the
 
Monogastric GI Tract. F. R. Dintizis and J. A.
 
Laszlo, ed. Plenum Press, New York, NY.
 

Fethiere, R., and R. D. Miles, 1987. Intestinal tract
 
weight of chicks fed an antibiotic and probiotic.
 
Nutr. Rep. Int. 36:1305-1309.
 

Finkelman, M. A. J., 1990. Yeast strain development for
 
extracellular enzyme production. Pages 185-223 in:
 
Yeast Strain Selection. C. J. Panchal, ed. Marcel
 
Dekker, Inc., New York, NY.
 

Firman, J. D., 1993. Digestibility of feedstuffs in
 
turkeys. Pages 121-136 in: Proceedings of Arkansas
 
Nutrition Conference, Fayetteville, AR.
 



195 

Fiske, C. H., and Y. SubbaRow, 1925. The colorimetric
 
determination of phosphorus. J. Biol. Chem.
 
66:375-400.
 

Francis, C., D. M. Janky, A. S. Arafa, and R. H. Harms,
 
1978. Interrelationship of lactobacillus and zinc
 
bacitracin in the diets of turkey poults. Poultry
 
Sci. 57:1687-1689.
 

Fuller, R., 1973. Ecological studies on the lactobacillus
 
flora associated with crop epithelium of the fowl.
 
J. Appl. Bact. 36:131-139.
 

Fuller, R., 1975. Nature of the determinant responsible
 
for the adhesion of lactobacilli to chicken crop
 
epithelial cells. J. Gen. Microbiol. 87:245-250.
 

Fuller, R., 1977. The importance of lactobacilli in
 
maintaining normal microbial balance in the crop.
 
Br. Poult. Sci. 18:85-94.
 

Fuller, R., 1988. Basis and efficacy of probiotics.
 
World's Poult. Sci. J. 44:69-70.
 

Fuller, R., 1989. Probiotics in man and animals.
 
J. Appl. Bact. 66:365-378.
 

Fuller, R., and M. E. Coates, 1983. Influence of the
 
intestinal microflora on nutrition. Pages 51-61 in:
 
Physiology and Biochemistry of the Domestic Fowl.
 
Volume 4. B. M. Freeman, ed. Academic Press, New
 
York, NY.
 

Gardner, P., V. G. Stanley, and D. M. Hutchinson, 1992.
 
Use of Saccharomyces cerevisiae to suppress
 
aflatoxin effect in broiler chicken ration. Poultry
 
Sci. 71(Suppl. 1):49.(Abstr.)
 

Gedek, B., 1987. Probiotics in animal feeding--effects on
 
performance and animal health. Feed Management
 
38(11):21-23.
 

Gilliland, S. E., 1988. Probiotics: Fact or fancy? Pages
 
923-933 in: 8th International Biotechnology
 
Symposium Proceedings. Vol II. G. Durand,
 
L. Bobichon and J. Florent, ed. French Society of
 
Microbiology, Paris, France.
 



196 

Glade. M. J., and L. M. Biesik, 1986. Enhanced nitrogen
 
retention in yearling horses supplemented with yeast
 
culture. J. Anim. Sci. 62:1635-1640.
 

Glade, M. J., and M. D. Sist, 1987. Dietary yeast culture
 
supplementation enhances urea recycling in the equine
 
large intestine. Pages 138-142 in: Biotechnology in
 
the Feed Industry. Proceedings of Alltech's Third
 
Annual Symposium. T. P. Lyons, ed. Alltech
 
Technical Publication, Nicholasville, KY.
 

Gontard, A. V., 1950a. Yeast proteins in nutrition.
 
Pages 5-20 in: Yeast. Volume 1. Number 3.
 
Anheuser-Busch, Inc., St. Louis, MO.
 

Gontard, A. V., 1950b. The manufacture of dried food
 
yeast. Pages 2-19 in: Yeast. Volume 1. Number 6.
 
Anheuser-Busch, Inc., St. Louis, MO.
 

Gonzalez, S. S., 1993. Improving utilization of poor
 
quality forages with yeast culture. Pages 255-267
 
in: Biotechnology in the Feed Industry. Proceedings
 
of Alltech's Ninth Annual Symposium. T. P. Lyons,
 
ed. Alltech Technical Publications, Nicholasville,
 
KY.
 

Guevara, V. R., B. C. Dilworth, and E. J. Day, 1977.
 
Phosphorus utilization by broilers as affected by
 
yeast culture. Poultry Sci. 56:1102-1103.
 

Hales, L.A., T.F. Savage, and J.A. Harper, 1989.
 
Heritability estimates of semen ejaculate volume in
 
Medium White turkeys. Poultry Sci. 68:460-463.
 

Hamilton, R. M. G. and Proudfoot, F. G., 1991. The value
 
of growth promotants in meat birds. Misset-World
 
Poultry 7(7):35.
 

Hargrove J. L., and D. C. Berdanier, 1993. Nutrient
 
receptors and gene expression. Pages 1-22 in:
 
Nutrition and Gene Expression. C. D. Berdanier and
 
J. L. Hargrove, ed. CRC Press, Inc., Boca Raton, FL.
 

Harrison, G. A., R. W. Hemken, K. A. Dawson, R. J. Harmon,
 
and K. B. Baker, 1988. Influence of addition of
 
yeast culture supplement to diets of lactating cows
 
on ruminal fermentation and microbial populations.
 
J. Dairy Sci. 71:2967-2975.
 



197 

Hayat, J., T. F. Savage, and L. W. Mirosh, 1992.
 
Influence of genotype on the reproductive performance
 
of turkey breeder hens fed diets containing a yeast
 
culture. Poultry Sci. 71(Suppl. 1):3.(Abstr.)
 

Hayat, J., T. F. Savage, and L. W. Mirosh, 1993. The
 
reproductive performance of two genetically distinct
 
lines of Medium White turkey hens when fed breeder
 
diets with and without a yeast culture containing
 
Saccharomyces cerevisiae. Anim. Feed Sci. and Tech.
 
43:291-301.
 

Headen, D. R., 1989. Biotechnology: A world of endless
 
possibilities. Pages 1-12 in: Biotechnology in the
 
Feed Industry. Proceedings of Alltech's Fifth Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 

Headen, D. R., 1992. Pelleted Feeds: Selecting stable 
yeast cultures. Feed Management 43(9):36-44. 

Hinton, M. H., 1988. Antibiotics, poultry production and 
public health. World's Poult. Sci. J. 44:67-69. 

Hodges, R. D., 1974. The digestive system. Pages 35-108 
in: The Histology of the Fowl. Academic Press, Inc.,
 
New York, NY.
 

Hollister, A. G., P. R. Cheeke, K. L. Robinson, and N. M.
 
Patton, 1990. Effects of dietary probiotics and
 
acidifiers on performance of weanling rabbits.
 
J. Appl. Rabbit Res. 13:6-9.
 

Hollister, A. G., D. E. Corrier, D. J. Nisbet, and J. R.
 
DeLoach, 1993. Effect of cecal cultures encapsulated
 
in alginate beads on Salmonella colonization control
 
in boiler chicks. Poultry Sci. 72(Suppl.
 
1):5.(Abstr.)
 

Hughes, B. L. and J. E. Jones, 1987. Effects of Diamond
 
V. Yeast Culture on performance of caged leghorn
 
layers during heat stress. Research Abstract A871.
 
Diamond V. Mills, Inc., Cedar Rapids, IA.
 

Hughes, J., 1990. Yeast culture applications in calf and
 
dairy diets--a brief appraisal. Pages 143-148 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Sixth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publication, Nicholasville, KY.
 



198 

Hutcheson, D. P., 1991. Historical aspects. Pages 1-10
 
in: Direct-Fed Microbials in Animal Production A
 
Review of the Literature. National Feed Ingredients
 
Association, West Des Moines, IA.
 

Hutter, R., and P. Niederberger, 1986. Effects of general
 
control and gene dosage on tryptophan synthesis in
 
Saccharomyces cerevisiae. Pages 53-62 in:
 
Overproduction of Microbial Metabolites. A. Vanek
 
and A. Hostalek, ed. Butterworth Publishers,
 
Stoneham, MA.
 

Imondi, A. R., and F. H. Bird, 1966. The turnover of
 
intestinal epithelium in the chick. Poultry Sci.
 
45:142-147.
 

Izat, A., and P. Waldroup, 1990. Poultry industry has
 
variety of weapons to fight Salmonella. Feedstuffs
 
62(37):28,39.
 

Jensen, L. S., 1993. Is nutrient overformulation a
 
problem in poultry production? Pages 137-148 in:
 
Proceedings of Arkansas Nutrition Conference,
 
Fayetteville, AR.
 

Jernigan, M. A., R. D. Miles, and A. S. Arafa, 1985.
 
Probiotics in poultry nutrition--A review. World's
 
Poult. Sci. J. 41:99-107.
 

Johnson, J. C., 1977. General processes. Pages 3-43 in:
 
Yeasts for Food and Other Purposes. Noyes Data
 
Corporation, Park Ridge, NJ.
 

Jones, F., 1994. In field, DFM performed well but in
 
unexpected ways. Feedstuffs 66(3):27-28.
 

Jones, F. T., M. A. Qureshi, J. Brake, and B. L. Black,
 
1993. Effect of a direct fed microbial compound on
 
performance and intestinal microbiology of heat
 
stressed broilers inoculated with Salmonella
 
typhimurium. Poultry Sci. 72(Suppl. 1):6.(Abstr.)
 

Kaniawati, S., A. L. Waldroup, and A. J. Maurer, 1993.
 
Effect of cultrate 6300 on microbiological status of
 
broilers. Poultry Sci. 72(Suppl. 1):98.(Abstr.)
 

Kim, H. S., and S. E. Gilliland, 1983. Lactobacillus
 
acidophilus as a dietary adjunct for milk to aid
 
lactose digestion in humans. J. Dairy Sci. 66:959
966.
 



199 

Kim, J., and S. Doores, 1993. Salmonella attachment to
 
turkey skin. Turkey World 69(6):30-31.
 

Klaenhammer, T. R., 1982. Microbiological considerations
 
in selection and preparation of Lactobacillus strains
 
for use as dietary adjuncts. J. Dairy Sci. 65:1340.
 

Kopek, M., B. Rathgeber, A. Waldroup, and R. Kross, 1993.
 
Use of a chlorous acid formulation to control
 
microorganisms on skinless, deboned broiler thigh
 
meat. Poultry Sci. 72(Suppl. 1):99.(Abstr.)
 

Krutzman, C. P., 1990. Classification and general
 
properties of yeasts. Pages 1-34 in: Yeast.
 
Verachtert, H. and R. D. Mot, ed. Marcel Dekker,
 
Inc., New York, NY.
 

Kumar, M. C., 1991. Prevention of Colibacillosis. Turkey
 
World 67(12):38.
 

Kung, L., 1992. Direct-fed microbial and enzyme feed
 
additives. Pages 17-21 in: 1993 Direct-Fed
 
Microbial, Enzyme and Forage Additive Compendium.
 
S. Muirhead, ed. The Miller Publishing Company,
 
Minnetonka, MN.
 

Landauer, W., 1967. The physical environment of hatching
 
eggs. Pages 47-54 in: The Hatchability of Chicken
 

Eggs as Influence by Environment and Heredity.
 
Storrs Agricultural Experiment Station Bulletin 262
 
(Revised 1951).
 

Larson, G., 1989. The normal microflora and
 
glycosphingolipids. Pages 129-143 in: The
 
Regulatory and Protective Role of the Normal
 
Microflora. Wenner-Gren International Symposium
 
Series, Volume 52. R. Grubb, T. Midtvedt and
 
E. Norin, ed. Stockton Press, New York, NY.
 

Ledoux, D. R., K. Zyla, and T. Veum, 1994. Substitution
 
of phytase for inorganic phosphorus in the diets of
 
turkey hens grown to market weight. Poultry Sci.
 
73(Suppl. 1).(Abstr.)
 

Leeson, S., and D. Major, 1990. Canadian researchers
 
study need for feed criterion. Feedstuffs 62(16):14.
 

Lev, M., and C. A. E. Briggs, 1956. The gut flora of the
 
chick. II. The establishment of the flora.
 
J. Appl. Bact. 19:224-230.
 



200 

Lewis, M. J., 1991. Perspectives on the measurement and
 
survival of yeast culture in feed. Pages 341-348 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Seventh Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Lillehoj, H. S., 1993. Avian gut-associated immune
 
system: Implication in coccidial vaccine
 
development. Poultry Sci. 72:1306-1311.
 

Litchfield, J. H. 1983. Single-cell proteins. Science
 
219:740-746.
 

Lowe, J., 1991. Effect of Yea-Sacc'-°26 on weight change,
 
fecal moisture and dry matter digestibility of two
 
diets fed to dogs. Pages 425-427 in: Biotechnology
 
in the Feed Industry. Proceedings of Alltech's
 
Seventh Annual Symposium. T. P. Lyons, ed. Alltech
 
Technical Publications, Nicholasville, KY.
 

Lucio-Martinez, B., 1993. An overview of immunity and
 
immunosuppressive diseases of chickens. Pages 1-2
 
in: Cornell Poultry Pointers. Volume 43. Number 3.
 
Barb Smagner, ed. Cornell Cooperative Extension,
 
Ithaca, NY.
 

Lyons, T. P., 1986a. Biological tools for improving feed
 
efficiency. Pages 1-31 in: Alltech's Second Annual
 
Biotechnology Symposium. Alltech, Inc.,
 
Nicholasville, KY.
 

Lyons, T. P., 1986b. Biotechnology in the feed industry.
 
Pages 1-3 in: Alltech's Second Annual Biotechnology
 
Symposium. Alltech, Inc., Nicholasville, KY.
 

Lyons, T. P., 1986c. Yeast: Out of the black box. Feed
 
Management 37(10):8-14.
 

Lyons, T. P., 1989. Applications for biotechnology in the
 
feed industry: The way forward. Pages 1-15 in:
 
Animal Feeds, Biological Additives. B & C Mailing
 
Service PTY Ltd, East Sydney, Australia.
 

Lyons, T. P., 1990. Yeast cultures. Feed Management
 
41(10):16-18, 35.
 

Madrigal, S. A., S. E. Watkins, J. T. Skinner, M. H.
 
Adams, A. L. Waidroup, and P. W. Waldroup, 1993.
 
Effect of an active yeast culture on performance of
 
broilers. Poultry Sci. 72(Suppl. 1):87.(Abstr.)
 



201 

Malone, G. W., 1992. Nutrient enrichment in integrated
 
broiler production systems. Poultry Sci.
 
71:1117-1122.
 

March, B. E., 1979. The host and its microflora: an
 
ecological unit. J. Anim. Sci. 49:857-867.
 

Marshall, K. C., 1984. Microbial Adhesion and
 
Aggregation. Springer-Verlag, New York, NY.
 

Martin, S. A., 1992. Use of fungi in production animal
 
diets. Pages 27-29 in: 1993 Direct-fed Microbial,
 
Enzyme and Forage Additive Compendium. S. Muirhead,
 
ed. The Miller Publishing Company, Minnetonka, MN.
 

Mason, T. R., 1974. Increasing phosphorus availability in
 
laying hens diets. Feed Management 25(8):22-24.
 

Mathews, C. K., and K. E. van Holde, 1990a. The scope of
 
biochemistry. Pages 3-29 in: Biochemistry. The
 
Benjamin/Cummings Publishing Company, Inc., Redwood
 
City, CA.
 

Mathews, C. K., and K. E. van Holde, 1990b. Carbohydrate
 
metabolism I: Anaerobic processes in generating
 
metabolic energy. Pages 433-466 in: Biochemistry.
 
The Benjamin/Cummings Publishing Company, Inc.,
 
Redwood City, CA.
 

Matthews, T. M., and C. Webb, 1991. Culture systems.
 
Pages 249-282 in: Saccharomyces. M. F. Tuite and
 
S. G. Oliver, ed. Plenum Press, New York, NY.
 

Maurice, D. V., and L. S. Jensen, 1978. Liver lipid
 
deposition in caged layers as influenced by
 
fermentation by-products and level of dietary fat.
 
Poultry Sci. 57:1690-1695. 

May, K. N., 1990. Industry outlook. Poultry Sci. 
69:2103-2106. 

McDaniel, G. R., 1991a. Effect of Yea-Sace)26 on
 
reproductive performance of boiler breeder males and
 
females. Pages 413-415 in: Biotechnology in the
 
Feed Industry. Proceedings of Alltech's Seventh
 
Annual Symposium. T. P. Lyons, ed. Alltech
 
Technical Publications, Nicholasville, KY.
 



202 

McDaniel, G. R., 1991b. The importance of biological
 
products in poultry operations, small improvements,
 
major benefits. Pages 293-300 in: Biotechnology in
 
the Feed Industry. Proceedings of Alltech's Seventh
 
Annual Symposium. T. P. Lyons, ed. Alltech
 
Technical Publications, Nicholasville, KY.
 

McDaniel, G. R., and A. E. Sefton, 1991. Effect of yeast
 
culture (Yea-Saccl°26) supplementation on broiler
 
breeders. Poultry Sci. 70(Suppl. 1):172.(Abstr.)
 

Mican, P., 1976. The effect of the application of
 
Streptococcus faecium M-74 on some parameters of
 
performance and the changes in the microflora of the
 
alimentary tract in broiler chickens. Research
 
Report by Medipharm. Medipharm Inc., Des Moines, IA.
 

Miles, R. D., 1993. Manipulation of the microflora of
 
the gastrointestinal tract: Natural ways to prevent
 
colonization by pathogens. Pages 133-150 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Ninth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Miles, R. D., A. S. Arafa, R. H. Hars, C. W. Carlson,
 
B. L. Reid, and J. S. Crawford, 1981. Effects of
 
living nonfreeze-dried Lactobacillus acidophilus
 
culture on performance, egg quality, and gut
 
microflora in commercial layers. Poultry Sci.
 
60:993-1004.
 

Miles, R. D., and S. M. Bootwalla, 1991. Direct-fed
 
microbials in animal production "avian". Pages 117
146 in: Direct-Fed Microbials in Animal Production
 
A Review of the Literature. National Feed
 
Ingredients Association, West Des Moines, IA.
 

Miller, B. F., 1986a. Poultry: Acidification of feed and
 
water for poultry. Pages 1-3 in: Alltech's Second
 
Annual Biotechnology Symposium. Alltech, Inc.,
 
Nicholasville, KY.
 

Miller, E., 1986b. Turkey farming: The quiet revolution
 
in farming. Pages 1-7 in: Alltech's Second Annual
 
Biotechnology Symposium. Alltech, Inc.,
 
Nicholasville, KY.
 



203 

Mitchell, R. D., and H. M. Edwards, Jr., 1994. The
 
effects of supplemental phytase on calcium and
 
phosphorus requirements of broiler chicks. Poultry
 
Sci. 73(Suppl. 1).(Abstr.)
 

Moore, E., 1993. Analytical and regulatory requirements
 
for microbial products: The use of DNA
 
fingerprinting and biotechnology to ensure presence
 
and survival through feed processing. Pages 245-254
 
in: Biotechnology in the Feed Industry. Proceedings
 
of Alltech's Ninth Annual Symposium. T. P. Lyons,
 
ed. Alltech Technical Publications,
 
Nicholasville, KY.
 

Moore, E., and D. R. Headen, 1992. Identification of
 
specific yeast strains may be future trend.
 
Feedstuffs 64(37):13,21.
 

Moreng, R. E., and J. S. Avens, 1991. Poultry Science and
 
Production. Waveland Press, Inc.,
 
Prospect Heights, IL.
 

Muirhead, S., 1992. Direct-Fed Products. Pages 45-207 in:
 
1993 Direct-Fed Microbial, Enzyme & Forage Additive
 
Compendium. S. Muirhead, ed. The Miller Publishing
 
Co., Minnetonka, MN.
 

Musgrove, M. T, J. A. Cason, D. L. Fletcher, N. J. Stern,
 
N. A. Cox, and J. S. Bailey, 1993. Effect of cloacal
 
plugging on microbial quality of partially processed
 
broilers. Poultry Sci. 72(Suppl. 1):98.(Abstr.)
 

Nahashon, S. N, H. S. Nakaue, and L. W. Mirosh, 1993.
 
Effect of direct-fed microbials on nutrient retention
 
and production parameters of single comb white
 
leghorn (SCWL) pullets. Poultry Sci. 72
 
(Suppl. 1):87.(Abstr.)
 

National Research Council, 1984. Nutrient Requirements of
 
Poultry. 8th rev. ed. National Academy Press,
 
Washington, D.C.
 

Nelson, T. S., T. R. Shieh, R. J. Wodzinski, and J. H.
 
Ware, 1968. The availability of phytate phosphorus
 
in soybean meal before and after treatment with mold
 
phytase. Poultry Sci. 47:1842-1848.
 



204 

Neutra, M. R., 1988. The gastrointestinal tract. Pages
 
641-683 in: Cell and Tissue Biology, A Textbook of
 
Histology. L. Weiss, ed. Urban & Schwarzenberg,
 
Baltimore, MD.
 

Newkirk, R. W., H. L, Classen, M. R. Bedfore, and
 
J. Inborr, 1993. The effects of dietary xylanase,
 
phytase and phosphorus on the performance of laying
 
hens. Poultry Sci. 72(Suppl. 1):17.(Abstr.)
 

Nicholas Turkey News, 1993a. New programs. Nicholas 
Turkey News 36(5):1-3. 

Nicholas Turkey News, 1993b. Yield and today's Nicholas 
Turkey. Nicholas Turkey News 36(4):1-7.
 

Nikolova, P., and 0. P. Ward, 1992. Whole cell yeast
 
biotransformations in two-phase systems: effect of
 
solvent on product formation and cell structure.
 
J. Industrial Microbiol. 10:169-177.
 

O'Dell, B. L, J. M. Yohe, and J. E. Savage, 1964. Zinc
 
availability in the chick as affected by phytate,
 
calcium and ethylenediaminetetraacetate. Poultry
 
Sci. 43:415-419.
 

Oura, E., H. Suomalainen, and R. Viskari, 1982.
 
Breadmaking. Pages 88-146 in: Economic
 
Microbiology. Volume 7, Fermented Foods. A. H.
 
Rose, ed. Academic Press, New York, NY.
 

Owings, W. J., D. L. Reynolds, R. J. Hasiak, and P. R.
 
Ferket, 1990. Influence of dietary supplementation
 
with Streptococcus faecium M-74 on Broiler Body
 
Weight, Feed Conversion, Carcass Characteristics, and
 
Intestinal Microbial Colonization. Poultry Sci.
 
69:1257-1264.
 

Oyofo, B. A., J. R. DeLoach, D. E. Corrier, J. O. Norman,
 
R. L. Ziprin, and H. H. Mollenhauer, 1989a.
 
Prevention of Salmonella typhimurium colonization of
 
broilers with d-Mannose. Poultry Sci. 68:1357-1360.
 

Oyofo, B. A., R. E. Droleskey, J. O. Norman, H. H.
 
Mollenhauer, R L. Ziprin, D. E. Corrier, and J. R.
 
DeLoach, 1989b. Inhibition by mannose of in vitro
 
colonization of chicken small intestine by Salmonella
 
typhimurium. Poultry Sci. 68:1352-1356.
 



205 

Parker, D. S., 1991. The mode of action of direct-

fed microbials in the pig. Pages 96-116 in: Direct-

Fed Microbials in Animal Production - A Review of the
 
Literature. National Feed Ingredients Association,
 
West Des Moines, IA.
 

Parker, R. B., 1974. Probiotics, the other half of the
 
antibiotics story. Animal Nutr. & Health 29:4-8.
 

Patterson, P., 1993. Nutrient management programs for
 
minimizing nutrient output. Pages 6-8 in: Cornell
 
Poultry Pointers. Volume 43. Number 3. Barb
 
Smagner, ed. Cornell Cooperative Extension,
 
Ithaca, NY.
 

Patterson, P. H., and E. S. Lorenz, 1993. Nutrient
 
Management of leghorn pullets: Manure production and
 
nutrient concentration. Poultry Sci.
 
72(Suppl. 1):7.(Abstr.)
 

Pendleton, B., 1992. The regulatory environment. Pages
 
41-43 in: 1993 Direct-fed Microbial, Enzyme and
 
Forage Additive Compendium. S. Muirhead, ed. The
 
Miller Publishing Company, Minnetonka, MN.
 

Peppler, H. J., 1982. Yeast extracts. Pages 293-312 in:
 
Fermented Foods. A. H. Rose, ed. Academic Press,
 
London, U.K.
 

Perney, K. M., A. H. Cantor, M. L. Straw, and K. L.
 
Herkelman, 1993. The effect of dietary phytase on
 
growth performance and phosphorus utilization of
 
broiler chicks. Poultry Sci. 72:2106-2114.
 

Phillips, W. A., and D. L. von Tungeln, 1985. The effect
 
of yeast culture on the poststress performance of
 
feeder calves. Nutr. Rep. Int. 32:287-295.
 

Pinello, C. B., J. L Richard, and L. H. Tiffany, 1977.
 
Mycoflora of a turkey confinement brooder house.
 
Poultry Sci. 56:1920-1926.
 

Piper, P. W., and N. Kirk, 1991. Inducing heterologous
 
gene expression in yeast a fermentations approach
 
maximal biomass. Pages 147-184 in: Genetically-

engineered Proteins and Enzymes from Yeast:
 
Production Control. A. Wiseman, ed. Ellis Horwood
 
Limited, New York, NY.
 



206 

Piva, G., 1984. Stima Del Valore Alimentare Del Residuo
 
Di Fermentazione Di Cereali Denominato
 
Commercialmente "Diamond Yeast Culture". Universita'
 
Cattolica Del Sacro Cuore, Piacenza, Italy.
 

Plavnik, I., and M. L. Scott, 1980. Effect of additional
 
vitamins, minerals, or Brewer's yeast upon leg
 
weaknesses in broiler chickens. Poultry Sci.
 
59:459-464.
 

Potter, L. M., R. M. Hulet, and C. W. Ritz, 1991. Effects
 
of added enzyme supplements to diets of turkeys.
 
Poultry Sci. 70(Suppl. 1):176.(Abstr.)
 

Potter, L. M., A. Newver, C. M. Parsons, and J. R.
 
Shelton, 1979. Effects of protein, poultry by-

product meal, and dry Lactobacillus acidophilus
 
culture additions to diets of growing turkeys.
 
Poultry Sci. 58:1095.
 

Power, R., 1993. Phytase: The limitations to its
 
universal use and how biotechnology is responding.
 
Pages 355-368 in: Biotechnology in the Feed
 
Industry. Proceedings of Alltech's Ninth Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 

Radecki, S. V., P. K. Ku, M. R. Bennink, M. T. Yokoyama,
 
and E. R. Miller, 1992. Effect of dietary copper on
 
intestinal mucosa enzyme activity, morphology, and
 
turnover rates in weanling pigs. J. Anim. Sci.
 
70:1424-1431.
 

Raine, H., 1988. Prospects for additive-free feeds.
 
World's Poult. Sci. J. 44:70-72.
 

Rantala, M., and E. Nurmi, 1973. Prevention of the growth
 
of Salmonella infantis in chicks by the flora of the
 
alimentary tract of chickens. Poultry Sci.
 
14:627-630.
 

Raudati, E., A. H. Cantor, F. Rutz, and M. L. Straw, 1991.
 
Effect of beta-glucanase supplements to barley- and
 
wheat- based diets on performance of broiler chicks.
 
Pages 399-403 in: Biotechnology in the Feed
 
Industry. Proceedings of Alltech' Seventh Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 



207 

Ravindran, V., D. M. Denbow, E. T. Kornegay, B. B. Self,
 
and R M. Hulet, 1993. Supplemental phytase improves
 
availability of phosphorus in soybean meal for turkey
 
poults. Poultry Sci. 72(Suppl. 1):73.(Abstr.)
 

Reddy, N. R., M. D. Pierson, S. K. Sathe, and D. K.
 
Salunkhe, 1989. Phytates in Cereals and Legumes.
 
CRC Press, Inc. Boca Raton, FL.
 

Risley, C. R., 1992a. An overview of basic microbiology.
 
Pages 11-13 in: 1993 Direct-Fed Microbial, Enzyme
 
and Forage Additive Compendium. S. Muirhead, ed.
 
The Miller Publishing Company, Minnetonka, MN.
 

Risley, C. R., 1992b. Pelleting direct-fed microbials.
 
Feed Management 43(3):30-32.
 

Risley, C. R., 1993. Direct-fed microbials in liquid
 
feeds. Feed Management 44(8):23-26.
 

Ritz, C. W., R. M. Hulet, B. B. Self, and D. M. Denbow,
 
1993. Response of intestinal morphology to enzyme
 
supplementation. Poultry Sci.
 
72(Suppl. 1):61.(Abstr.)
 

Rose, A. H., 1988. Yeast culture, a microorganism for all
 
species: A theoretical look at its mode of action.
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Fourth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publication, Nicholasville, KY.
 

Roura, E., and K. C. Klasing, 1993. Dietary antibiotics
 
reduce immunologic stress elicited by poor sanitation
 
or consumption of excreta in broiler chicks. Poultry
 
Sci. 72(Suppl. 1):1.(Abstr.)
 

Sainsbury, D. W. B., 1993. Protecting against stress.
 
PIGS-Misset 9(2):32-33.
 

Sandine, W. E., 1990. Roles of Bifidobacteria and
 
Lactobacilli in human health. Contemporary Nut.
 
15(1):1-2.
 

SAS Institute, 1988. SAS/STAT® Users guide, Release 6.03
 
Edition, SAS Institute, Inc. Cary, NC.
 

Savage, D. C., 1969. Microbial interference between
 
indigenous yeast and lactobacilli in the rodent
 
stomach. J. Bact. 98:1278-1283.
 



208 

Savage, D. C., 1985. Effect on host animals of bacteria
 
adhering to epithelial surfaces. Page 437 in:
 
Bacterial Adhesion, Mechanisms and Physiological
 
Significance. D. C. Savage and M. M. Fletcher, ed.
 
Plenum, New York, NY.
 

Savage, D. C., 1991. Modes of action. Pages 11-81 in:
 
Direct-fed Microbials in Animal Production. A Review
 
of Literature. National Feed Ingredients Assoc.,
 
West Des Moines, IA.
 

Savage, J. E., J. M. Yohe, E. E. Pickett, and B. L.
 
O'Dell, 1964. Zinc metabolism in the growing chick.
 
Tissue concentration and effect of phytate on
 
absorption. Poultry Sci. 43:420-426.
 

Savage. T. F., G. L. Bradley, and J. Hayat, 1993. The
 
incidence of parthenogenesis in medium white turkey
 
hens when fed a breeder diet containing yeast
 
cultures of Saccharomyces cerevisiae. Poultry Sci.
 
72(Suppl. 1):80.(Abstr.)
 

Savage, T. F., and L. W. Mirosh, 1990a. Breeder
 
performance of Medium White turkey hens fed a breeder
 
diet containing 2.596 yeast culture. Poultry Sci.
 
69(Suppl. 1):118.(Abstr.)
 

Savage, T. F., and L. W. Mirosh, 1990b. Effects of
 
feeding Medium White turkey hens a breeder diet
 
containing 1.5% yeast culture. Poultry Sci.
 
69(Suppl. 1):189.(Abstr.)
 

Savage, T. F., H. S. Nakaue, and Z. A. Holmes, 1985.
 
Effects of feeding a life yeast culture on market
 
turkey performance and cooked meat characteristics
 
Nutr. Rep. Int. 31:695-703.
 

Schaaff, I., J. Heinisch, and F. K. Zimmerman, 1989.
 
Overproduction of glycolytic enzymes in yeast. Yeast
 
5:285-290.
 

Schlleifer, J. H., 1985. A review of the efficacy and
 
mechanism of competitive exclusion for the control of
 
Salmonella in poultry. World's Poult. Sci. J.
 
41:72-83.
 

Scott, M. L., 1987. Nutrition of the Turkey. M. L. Scott
 
of Ithaca, Ithaca, NY.
 



209 

Scott, M. L., M. C. Nesheim, and R. J. Young, 1982.
 
Nutrition of the Chicken. 3rd ed. M. L. Scott and
 
Associates, Ithaca, NY.
 

Sefton, T., 1989. Challenges facing the poultry industry.
 
Pages 167-189 in: Biotechnology in the Feed
 
Industry. Proceedings of Ailtech's Fifth Annual
 
Symposium. T. P. Lyons, ed. Alltech Technical
 
Publications, Nicholasville, KY.
 

Sell, J. L., 1991. Continued improvements in turkey
 
performance in 1990. Turkey World 67(2):12-16.
 

Shackelford, A. D., A. D. Whittemore, and R. L. Wilson,
 
1993. Microbiological quality of uneviscerated
 
carcasses spray washed with acetic acid. Poultry
 
Sci. 72(Suppl. 1):96.(Abstr.)
 

Sharaf, M. M., K. E. Nestor, Y. M. Saif, R. E. Sacco, and
 
G. B. Havenstein, 1989. Antibody response to
 
Newcastle Disease Virus and Pasteurella multocida of
 
two strains of turkeys. Poultry Sci. 67:1372-1377.
 

Shih, J. C. H., 1993. Recent development in poultry waste
 
digestion and feather utilization--a review. Poultry
 
Sci. 72:1617-1620.
 

Skadhauge, E., 1983. Formation and composition of urine.
 
Pages 107-135 in: Physiology and Biochemistry of the
 
Domestic Fowl. Volume 4. B. M. Freeman, ed.
 
Academic Press, New York, NY.
 

Slapack, G. E., I. Russell, and G. G. Stewart, 1987.
 
Thermophilic Microbes in Ethanol Production.
 
CRC Press, Inc., Boca Raton, FL.
 

Snoeyenbos, G, H., 1989. The gut microflora: The first
 
line of defense of any animal. Pages 261-270 in:
 
Biotechnology in the Feed Industry. Proceedings of
 
Alltech's Fifth Annual Symposium. T. P. Lyons, ed.
 
Alltech Technical Publications, Nicholasville, KY.
 

Snoeyenbos, G. H., 0. M. Weinack, and C. F. Smyser, 1978.
 
Protecting chicks and poults from Salmonellae by oral
 
administration of "normal" gut microflora. Avian
 
Dis. 22:273-287.
 



210 

Soerjadi, A. S., R. Rufner, G. H. Snoeyenbos, and 0. M.
 
Weinack, 1982. Adherence of Salmonellae and native
 
gut microflora to the gastrointestinal mucosa of
 
chicks. Avian Dis. 26:576-584.
 

Sooncharernying S., and H. M. Edwards, Jr., 1993. Phytate
 
content of excreta and phytate retention in the
 
gastrointestinal tract of young chickens. Poultry
 
Sci. 72:1906-1916.
 

Spika, J. S., S. H. Waterman, G. W. Soo Hoo, M. E.
 
St. Louis, R. E. Pacer, S. M. James, M. L. Bissett,
 
L. W. Mayer, J. Y. Chiu, B. Hall, K. Greene, M. E.
 
Potter, M. L. Cohen, and P. A. Blake, 1987.
 
Chloramphenicol-resistant Salmonella newport traced
 
through hamburger to dairy farms. New Eng. J. Med.
 
316:565-570.
 

Stadelman, W. J., 1993. Research reviews. Turkey World
 
69(5):22.
 

Stanley, V. G., R. Ojo, S. Woldesenbet, D. Hutchinson, and
 
L. F. Kubena, 1993. The use of Saccharomyces
 
cerevisiae to suppress the effects of aflatoxicosis
 
in broiler chicks. Poultry Sci. 72:1867-1872.
 

Stavric, S., 1987. Microbial colonization control of
 
chicken intestine using defined cultures. Food Tech.
 
41:93-98.
 

Stern. N. J., M. P Doyle, and R. J. Meinersmann, 1993.
 
Influence of defined antagonistic flora on
 
Camplyobacter jejuni in broiler chicks. Poultry Sci.
 
72(Suppl. 1):5.(Abstr.)
 

Surawicz, C. M., G. W. Elmer, P. Speelman, L. V.
 
McFarland, J. Chinn, and G. van Belle, 1989.
 
Prevention of antibiotic-associated diarrhea by
 
Saccharomyces boulardii: A prospective study.
 
Gastroenterology 96:981-988.
 

Sweerczek, T. W., 1986. Nutrition and new alternative
 
methods for the prevention and treatment of diseases.
 
Pages 1-6 in: Alltech's Second Annual Biotechnology
 
Symposium. Alltech, Inc., Nicholasville, KY.
 

Swick, R. A., and F. J. Ivey, 1992. The value of
 
improving phosphorus retention. Feed Management
 
43(1):8,17.
 



211 

Tadtiyanant, C., J. J. Lyons, and J. M. Vandepopuliere,
 
1993. Brewers condensed solubles used as a feedstuff
 
in broiler diets. Poultry Sci. 72:1897-1905.
 

Thayer, R. H., R. F. Burkitt, R. D. Morrison, and E. E.
 
Murray, 1978. Efficiency of utilization of dietary
 
phosphorus by caged turkey breeder hens when fed
 
rations supplemented with live yeast culture.
 
MP-103:173-181. Oklahoma State Agric. Exp. Sta.
 
Res. Rep. Stillwater, OK.
 

Thayer, R. H., and C. D. Jackson, 1975. Improving phytate
 
phosphorus utilization by poultry with live yeast
 
culture. MP-94:131-139. Oklahoma State Agric. Exp.
 
Sta. Res. Rep. Stillwater, OK.
 

Thompson, L. J., 1993. Mycotoxins in the moldy corn of
 
1992. Pages 3-4 in: Cornell Poultry Pointers.
 
Volume 43. Number 2. Barb Smagner, ed. Cornell
 
Cooperative Extension, Ithaca, NY.
 

Tonkinson, L. V., E. W. Gleaves, K. E. Dunkelgo, R. H.
 
Thayer, R. J. Sirny, and R. D. Morrison, 1965. Fatty
 
acid digestibility in laying hens fed yeast culture.
 
Poultry Sci. 44:159-164.
 

Tortuero, F., 1973. Influence of implantation of
 
Lactobacillus acidophilus in chicks on the growth,
 
feed conversion, malabsorption of fats syndrome and
 
intestinal flora. Poultry Sci. 52:197-203.
 

Toothaker, R. D., and G. W. Elmer, 1984. Prevention of
 
clindamycin-induced mortality in hamsters by
 
Saccharomyces boulardii. Antimicrob. Agents and
 
Chemotherapy 26:552-556.
 

Tsiomenko, A. B., V. V. Lupashin, and I. S. Kulaev, 1987.
 
Export of enzymes into culture medium by yeasts of
 
Saccharomyces genus. Pages 205-208 in:
 
Extracellular Enzymes of Microorganisms.
 
J. Chaloupka and V. Krumphanzl, ed. Plenum Press,
 
New York, NY.
 

van Weerden, E. J., C. A. Shacklady, and P. van der Wal,
 
1970. Hydrocarbon grown yeast in rations for chicks.
 
Br. Poult. Sci. 11:189-195.
 



212 

Verachtert, H., H. M. C. S. Kumaral, and E. Dawoud, 1990.
 
Yeast in mixed cultures with emphasis on iambic beer
 
brewing. Pages 429-478 in: Yeast. H. Verachtert
 
and R. De Mot, ed. Marcel Dekker, Inc.,
 
New York, NY.
 

Vilaseca, L. L, J. L Sell, M. J. Jeffrey, F. J. Piquer,
 
and M. F. Soto-Salanova, 1993. Changes in
 
performance and intestinal characteristics of poults
 
as related to age and dietary bulk density. Poultry
 
Sci. 72(Suppl. 1):13.(Abstr.)
 

Visek, W. J., 1978. The mode of growth promotion by
 
antibiotics. J. Anim. Sci. 46:1447-1469.
 

Wagner, D. D., and 0. P. Thomas, 1978. Influence of diets
 
containing rye or pectin on the intestinal flora of
 
chicks. Poultry Sci. 57:971-975.
 

Waibel, P., S. Noll, and M. El Halawani, 1988. Nutrition
 
of turkey breeder hens. Research Abstract M-886.
 
Diamond V. Mills, Inc., Cedar Rapids, IA.
 

Waldroup, P. W., C. B. Ammerman, and R. H. Harms, 1964.
 
The availability of phytic acid phosphorus sources.
 
Poultry Sci. 43:426-432.
 

Waldroup, P. W., and N. W. Flynn, 1975. Comparison of the
 
nutritive value of yeasts grown on hydrocarbon
 
feedstocks under varying processing conditions.
 
Poultry Sci. 54:1129-1133.
 

Waldroup, P. W., and K. R. Hazen, 1975. Yeast grown on
 
hydrocarbon fractions as a protein source in the diet
 
of laying hens. Poultry Sci. 54:635-637.
 

Wallner-Pendleton, E. A., S. S. Sumner, G. Froning, and
 
L. Stetson, 1993. Use of ultraviolet radiation to
 
reduce salmonella contamination on poultry carcasses.
 
Poultry Sci. 72(Suppl. 1):98.(Abstr.)
 

Ward, N. E., 1993. Phytase in nutrition and waste
 
management. Poultry Dig. 52(9):10-15.
 

Watkins, B. A., and B. F. Miller, 1983. Competitive gut
 
exclusion of avian pathogens by Lactobacillus
 
acidophilus in gnotobiotic chicks. Poultry Sci.
 
62:1772-1779.
 



213 

Weinack, 0. M., G. H. Snoeyenbos, C. F. Smyser, and A. S.
 
Soerjadi, 1982. Reciprocal competitive exclusion of
 
Salmonellae and Escherichia coli by native intestinal
 
microflora of the chicken and turkey. Avian Dis.
 
26:585-595.
 

Wenk, C., and R. Messikommer, 1991. Carbohydrases as
 
supplements for layers and broiler rations. Pages
 
179-188 in: Biotechnology in the Feed Industry.
 
Proceedings of Alltech's Seventh Annual Symposium.
 
T. P. Lyons, ed. Alltech Technical Publications,
 
Nicholasville, KY.
 

Wentworth, B. C., 1993. From your president. Pages 1-2
 
in: PSA Newsletter. Volume 17. Number 3. L. C.
 
Arrington, ed. Poultry Science Association, Inc.,
 
Champaign, IL.
 

Whittow, G. C., 1986. Regulation of body temperature.
 
Pages 221-252 in: Avian Physiology. 4th ed. P. D.
 
Sturkie, ed. Springer-Verlag, New York, NY.
 

Wickner R. B., 1991. Methods in Classical Genetics.
 
Pages 101-147 in: Saccharomyces. M. F Tuite and
 
S. G. Oliver, ed. Plenum Press, New York, NY.
 

Wiedmeier, R. D., M. J. Arambels, and J. L. Walters, 1987.
 
Effect of yeast culture and Aspergillus oryzae
 
fermentation extracts on ruminal characteristics and
 
nutrient digestibility. J. Dairy Sci. 70:2063-2066.
 

Williams, P. E. V., 1989. Understanding the biochemical
 
mode of action of yeast culture. Pages 79-99 in:
 
Animal Feeds, Biological Additives. B & C Mailing
 
Service PTY Ltd, East Sydney, Australia.
 

Williams, P. E. V., C. A. G. Tait, G. M. Innes, and C. J.
 
Newbold, 1991. Effects of the inclusion of yeast
 
culture (Saccharomyces cerevisiae plus growth medium)
 
in the diet of dairy cows on milk yield and forage
 
degradation and fermentation patterns in the rumen of
 
steers. J. Anim. Sci. 69:3016-3026.
 

Wiseman, A., 1991. Editor's introduction. Pages 7-10 in:
 
Genetically-engineered Proteins and Enzymes from
 
Yeasts: Production Control. A. Wiseman, ed. Ellis
 
Horwood Limited, New York, NY.
 



214 

Wyatt, C. L., 1992. Enzyme products to improve energy and
 
protein utilization from poultry diets. Pages 111
119 in: Proc. 27th Ann. Pacific Northwest Animal
 
Nutrition Conference. J. Harrison and S. LaRoque,
 
ed. Spokane, WA.
 

Yoo, B. H., and Wientjes, E., 1991. Rate of decline in
 
hatchability with preincubation storage of chicken
 
eggs depends on genetic strain. Br. Poult. Sci.
 
32:733-740.
 

Yoshida, M., 1975. Yeast grown on n-Paraffin as future
 
poultry feed. World's Poult. Sci. J. 31:221-234.
 

Zitomer, R. S., and C. V. Lowry, 1992. Regulation of gene
 
expression by oxygen in Saccharomyces cerevisiae.
 
Microbiol. Rev. 56:1-11.
 



APPENDICES
 



215 

APPENDIX 1. EFFECTS OF A YEAST CULTURE AND AUTOCLAVED
 
YEAST CULTURE CONTAINING SACCHAROMYCES CEREVISIAE' ON THE
 

RETENTION OF DIETARY CALCIUM AND PHOSPHORUS MEASURED
 
COLORIMETRICALLY
 

Introduction
 

Chapter III reported the effect of yeast culture (YC)
 

and autoclaved YC on select mineral retention measured using
 

an Inductively Coupled Argon Plasma Analyzer. The purpose
 

of this appendix is to present the preliminary calcium and
 

phosphorus retention data obtained using colimetric
 

procedures. This brief report substantiates the results
 

described in Chapter III in establishing a possible mode of
 

action for YC in poultry diets.
 

The percent nutrient retention of dietary calcium (Ca)
 

was measured using atomic absorption spectrophotometry
 

(AOAC, 1980). Total P was determined colorimetrically by
 

procedures previously described by Fiske and SubbaRow
 

(1925). Calculations used to determine the percent
 

retentions of Ca and P from the diets were performed
 

utilizing the equation given by Edwards and Gillis (1959).
 

Results
 

Results of Ca and P retained from poults fed diets
 

without and with YC and autoclaved YC are summarized in
 

Table A1.1. Increases in the percent utilization of dietary
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Ca (P<.01) and P (P<.004) were observed in poults fed the
 

supplemental YC when compared to the control and control
 

plus autoclaved YC diets. These results are similar to
 

those of Chapter III which indicated that autoclaving the YC
 

impairs the factors which increase the utilization of
 

dietary Ca and P of poults at 28 days of age.
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Table A1.1. Percent retention' of calcium and phosphorus in
 
poults fed corn-soy diets without (CS) and with 10 yeast
 
culture2 (CS + YC) or 10 autoclaved3 yeast culture (CS + AYC)
 
which were measured using colorimetric procedures
 

Diet Ca 

0 

CS 45.17b 46.35b 

CS + YC 56.26a 62.71a 

CS + AYC 45.15b 44.28b 

SEM 1.90 2.91 

Source of variation Probabilities
 

Diet .01 .004
 

1 Data are from 3 pens per diet (3 composite samples
 
from 3 days of collection, 5 poults per pen).
 

2 XP yeast culture ®, Saccharomyces cerevisiaeu% Diamond
 
V. Mills Inc., Cedar Rapids, IA.
 

3 XP yeast culture® autoclaved at 121 C at 12 psi for
 
35 min.
 

" Means within a column with no common superscripts
 
differ significantly (P<.01) .
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APPENDIX 2. THE INFLUENCES OF PRE-INCUBATION EGG STORAGE
 
TIMES AND GENOTYPE ON HATCHABILITY, AND THE EFFECTS
 

FEEDING MEDIUM WHITE TURKEY HENS A DIET CONTAINING A YEAST
 
CULTURE OF SACCHAROMYCES CEREVISTAEu ON HATCHABILITY OF
 

EGGS STORED 0-14 D, BLOOD CHEMISTRIES, EGG
 
CHARACTERISTICS, AND ILEAL MORPHOLOGY
 

Introduction
 

The main focus of Chapter IV was to report the effects
 

of yeast culture (YC, XP yeast culture®, Saccharomyces
 

cerevisia6', Diamond V. Mills, Inc., Cedar Rapids, IA) on
 

the hatchability of fertile eggs stored for different
 

periods of pre-incubation egg storage (PIES) time. The
 

focus of this appendix is to report the effects of PIES time
 

on the hatchability of fertile eggs among the three
 

different genetic lines and to provide the results of the
 

dietary YC on incubation parameters for the entire PIES
 

(0-14 d) of each hatch. In addition, the effects of a
 

dietary YC on blood plasma chemistries and egg
 

characteristics among three different genetic lines of
 

breeder hens are presented.
 

Effects of PIES Times: 0-7 and 8-14 d
 

The effects of PIES times (0-7 and 8-14 d) among three
 

differing genetic lines (L, H, and C) fed diets without and
 

with .5% yeast culture (YC) for Experiment 1 are summarized
 

in Table A2.1. PIES duration increased (P<.02) early
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embryonic mortality (0 to 10 d) in eggs stored from 8-14 d
 

prior to incubation. The incidence of late embryonic
 

mortality (21 to 28 d) was increased (P<.01) in lines L and
 

H in eggs stored greater than 7 d prior to incubation. In
 

the C line, increased (P<.01) incidence of pipped embryos
 

was observed in eggs stored greater than 7 d while
 

hatchability was not affected. In the L and H lines, PIES
 

times greater than 7 d resulted in reduced (P<.02)
 

hatchability as compared to eggs stored less than 8 d. In
 

addition, an increase (P<.02) in the incidence of late
 

embryonic mortality was a prelude to reducing the
 

hatchability of eggs from L and H line hens stored greater
 

than 7 d prior to incubation. These results support the
 

generally accepted hypothesis that as PIES time increases,
 

the hatchability of fertile eggs decrease (Landauer, 1967).
 

Genetic line differences were apparent for the
 

incidences of early embryonic mortality, late embryonic
 

mortality, pipped embryos, and hatchability. Early
 

embryonic mortality was greatest (P<.001) in the H line.
 

All three lines (L, H, and C) differed (P<.001) in the
 

incidence of late embryonic mortality with the H line being
 

the highest and the L line exhibiting the lowest percent
 

mortality. The L line is traditionally characterized by a
 

higher incidence of pipped embryos, and this situation was
 

again observed in the present study (P<.001). The L and C
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lines demonstrated the highest (P<.001) hatchability of
 

fertile eggs of the three genetically dissimilar lines. The
 

duration of PIES time was also significant for the
 

incidences of early embryonic mortality, late embryonic
 

mortality, and hatchability. The incidences of early and
 

late embryonic mortality were greater (P<.01) in eggs stored
 

greater than 7. d. This greater embryonic mortality
 

culminated in a reduced (P<.001) hatchability for eggs
 

stored greater than 7 d. A genetic line by PIES time
 

interaction was also significant (P<.04) for the incidence
 

of late embryonic mortality and was caused by the C line
 

displaying a decreased mortality as egg storage time
 

increased. These results confirm the report of Yoo and
 

Wientjes (1991) that genetic line differences as well as
 

PIES time affect hatchability results. These results also
 

suggest that even under ideal conditions, eggs should not be
 

stored greater than 7 d prior to incubation for optimal
 

hatchability. Further research is required to determine the
 

optimal PIES time.
 

Effects of PIES Times: 0-4, 5-9, and 10-14 d
 

The effect of PIES times (0-4, 5-9, and 10-14 d) among
 

the three genetic lines (L, H, and C) fed diets containing
 

a YC (Chapter IV, Experiment 2) are summarized in Table
 

A2.2. There were no differences (P>.05) in fertility or the
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incidence of early embryonic mortality (0 to 10 d) due to
 

PIES time. The duration of PIES increased (P<.05) mid-


embryonic mortality (11 to 20 d) in eggs from H line hens
 

stored from 0-4 d as compared to eggs stored from 5-9 d
 

prior to incubation. The incidence of late embryonic
 

mortality was also increased (P<.01) in eggs from C and L
 

line hens stored greater than 5 and 10 d prior to
 

incubation, respectively. In the H line, a significant
 

(P<.05) increase in the number of pipped embryos was
 

observed in eggs stored from 10-14 d as compared to eggs
 

stored from 5-9 d; however, hatchability was not affected
 

although it was numerically reduced in eggs stored from 0-4,
 

10-14 and 0-14 d. In the L line, eggs stored less than 5 d
 

resulted in reduced (P<.01) hatchability. In line C, the
 

hatchability of fertile eggs was higher (P<.01) in eggs
 

stored from 0-4 d as compared to eggs stored from 10-14 d
 

prior to incubation. This data suggests that the optimal
 

PIES time is between 5-9 d.
 

Differences among genetic lines were observed in the
 

incubation parameters measured. The L and C lines
 

maintained overall greater (P<.001) fertility and
 

hatchability. Early embryonic mortality was highest
 

(P<.001) in the H line, while the incidences of late
 

(P<.001) and mid-embryonic (P<.03) mortality were lower in
 

the L line than lines H and C. The L and H line experienced
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a higher (P<.003) incidence of pipped embryos than the C
 

line hens. These findings confirm those of Experiment 1 as
 

well as Yoo and Wientjes's (1991) observations that genetic
 

lines differ in the decline of hatchability as PIES time
 

increases. Future research is encouraged which focuses on
 

the correlation of these genetic characteristics and the
 

subsequent responses in hatchability obtained when YC is
 

included in the diet of the breeder hen.
 

Effects of Dietary Yeast Culture on Incubation Performance
 

In Chapter IV (Experiments 1 and 2) incubation
 

performance was studied by PIES duration in order to better
 

understand the affects of dietary YC on egg storage.
 

However, valuable information exists in the overall (PIES
 

duration of 0-14 d) incubation performances of the three
 

genetic lines fed diets without and with .5% YC.
 

Consequently, incubation performance of eggs stored from
 

0-14 d prior to incubation in Experiments 1 and 2 of Chapter
 

IV are summarized in Tables A2.3 and A2.4, respectively.
 

In Experiment 1, the incidence of early embryonic
 

mortality was reduced in lines L (P<.09) and C (P<.08). The
 

addition of yeast culture to the feed increased (P<.04) the
 

incidence of pipped embryos in the L line, had no affect in
 

the H line, and reduced the incidence of pipped embryos in
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the C line causing a significant (P<.01) genetic line by
 

dietary yeast culture interaction.
 

The percent hatchability of fertile eggs was decreased
 

(P<.08) in line L and increased (P<.05) in line C which
 

consequently caused the line by dietary yeast culture
 

interaction to become significant (P<.01). Overall, a
 

decreased (P<.02) early embryonic mortality and an increased
 

(P<.05) incidence of pipped embryos resulted from the
 

incorporation of yeast culture into the feed. In addition,
 

overall line differences, similar to those already reported,
 

were apparent in early embryonic mortality, the incidence of
 

pipped embryos, and hatchability of fertile eggs.
 

In Experiment 2, similar results to those of
 

Experiment 1 were observed, reduced (P<.02) fertility in the
 

L line and increased (P<.03) fertility in the H line
 

resulted in a significant (P<.01) line-dietary YC
 

interaction. Early embryonic mortality was reduced in lines
 

H (P<.05) and C (P<.10), while in the L line, it was
 

numerically increased in the .5% YC breeder hen diet.
 

Consequently, an additional line-dietary YC interaction was
 

observed (P<.01). Late embryonic mortality was reduced only
 

in line C when YC was included in the hen's diet. The
 

addition of YC to the breeder hen diet increased the
 

hatchability of fertile eggs stored 0-14 d in lines H
 

(P<.05) and C (P<.09), while no dietary differences were
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experienced in the L line. Line differences similar to
 

Experiment 1 were observed in each of the incubation
 

parameters recorded. Since the supplementation of YC
 

numerically reduced hatchability in the L line and increased
 

it in lines H and C, the genotype-dietary YC interaction was
 

significant (P<.01). These findings indicate that the
 

genotype of the bird is a factor when evaluating the
 

efficacy of utilizing a supplemental YC in the diet of
 

breeder hens.
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Effects of Dietary Yeast Culture on Select Blood Plasma
 
Chemistries
 

In Experiment 1 (Chapter IV), blood plasma chemistries
 

were determined from each of the three genetic lines fed
 

diets without and with YC. Blood samples were collected
 

from 6 hens selected at random in each line-diet combination
 

at 34, 41, and 48 WOA (C line); and at 36, 43, and 50 WOA (L
 

and H lines). All hens selected were in active egg
 

production at the time of sampling. The blood samples were
 

collected into heparinized vacutainers (via brachial
 

venipuncture), followed by separation of the blood plasma.
 

The whole blood samples were centrifuged at 3,000 x g for 10
 

min at 5 C, and the serum harvested in plastic containers
 

and stored on ice. The plasma samples were analyzed within
 

24 hours of collection at the Clinical Chemistry Laboratory
 

located in the Good Samaritan Hospital, Corvallis, OR. No
 

pre-dietary differences (P>.05) were observed in blood
 

chemistries collected prior to feeding the hens breeder
 

diets without and with .5% YC (34 and 36 WOA).
 

Statistical analysis
 

The loglo transformation of selected blood plasma
 

chemistries (creatine phosphokinase, lactate dehydrogenase,
 

triglyceride) did not reveal differences from untransformed
 

data, thus, the data was analyzed without transformations.
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Blood samples collected at 41 and 48 WOA (C line) and 43 and
 

50 WOA (L and H lines) represent the effect of dietary YC
 

supplementation on the physiological process of egg
 

formation, Table A2.5 and Table A2.6. Since the effect of
 

diet on blood plasma chemistries was most important to the
 

authors (G. L. Bradley and T. F. Savage), and there was not
 

a time-diet interaction, the data for each of the two time
 

periods was pooled and the effect of time was used as a
 

blocking factor in the analysis.
 

Results
 

The influence of dietary YC supplementation on hen
 

blood plasma chemistries in the three genetically dissimilar
 

lines (L, H, and C) are summarized in Table A2.5 and Table
 

A2.6. Dietary YC supplementation increased (P<.06) plasma
 

cholesterol in the L line and numerically increased it in
 

the H line hens, making the overall dietary effect
 

significant (1).01). No dietary differences (P>.10) were
 

observed in the other blood plasma chemistries in the H line
 

hens. Dietary supplementation of YC to the breeder hen diet
 

of the C line hens resulted in increased plasma protein
 

(P<.06), cholesterol (P<.02), potassium (P <.05), and
 

triglycerides (P<.06). Genetic line differences in blood
 

plasma chemistries were apparent for several of the
 

variables measured. The L line demonstrated significantly
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greater mean plasma values for creatine phosphokinase
 

(P<.01), lactate dehydrogenase (P<.01), uric acid (P<.01),
 

cholesterol (1).001), sodium (P<.001), and potassium
 

(P<.001) than hens of lines H and C. A higher (P<.03) level
 

of aspartate aminotransferase was observed in the L line
 

(P<.03) when compared to the H line hens. These findings
 

support the distinct genetic characteristics of the L, H,
 

and C lines. There were no (P>.05) genetic line by dietary
 

YC interactions for any of the chemistries measured.
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Effects of Dietary Yeast Culture on Egg Characteristics
 

The effects of adding supplemental YC to the diet of
 

the three genetic lines of breeder hens (L, H, and C) on egg
 

weight, percent yolk weight, and breaking strength (kg) were
 

measured from hens described in Chapter IV (Experiments 1
 

and 2) and are summarized in Table A2.7. No differences due
 

to the incorporation of YC in the diet of hens on egg
 

weight, percent yolk weight, or breaking strength were
 

observed (Experiment 1--birds were 50 weeks of age (WOA) in
 

the L an H lines and 28 WOA in the C line, Experiment 2
 

birds were 51 WOA). In Experiment 1, however, eggs from L
 

line hens demonstrated a greater (P<.01) shell breaking
 

strength (kg) than those from H and C line hens, Table A2.7.
 

A genetic line difference (P<.02) for egg weight was
 

observed in Experiments 1 and 2. The line L hens have
 

heavier egg weights than the H line hens. These data
 

demonstrate that individual genetic line characteristics in
 

egg quality are important factors in the understanding of
 

genetic variation and in the evaluation and interpretation
 

of dietary treatments given to genetically distinct hens.
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Effects of Dietary Yeast Culture on Goblet Cell Numbers and
 
Ileal Morphology of Line C Hens
 

The effects of .5% supplemental YC in diets fed to C
 

line Wrolstad Medium White turkey breeder hens (Chapter IV,
 

Experiment 2) on goblet cell numbers, villus height, villus
 

width, and crypt depth was evaluated using the methodology
 

outlined in Chapter V. However, a total of 16 counts and
 

measurements (instead of 9 as in Chapter V) were made in the
 

determinations of the mean of each individual bird for the
 

number of goblet cells, villus height and width, and crypt
 

depth.
 

Results
 

Goblet cell numbers, villus height, villus width, and
 

crypt depth for hens fed diets without and with dietary YC
 

are summarized in Table A2.8. Goblet cell numbers (per mm
 

of villus height) were reduced (P<.13) from 65.8 to 51.8 in
 

hens fed .5% supplemental YC. Although the reduction in the
 

number of goblet cells was not statistically significant
 

(P>.10), perhaps because of an insufficient number of hens
 

sampled (replications), a reduction in the number of goblet
 

cells of turkeys fed diets supplemented with yeast
 

(Saccharomyces cerevisiae var. boulardii) has been observed
 

in a previous study (Chapter V). Villus height was
 

increased (P<.08) with the addition of YC to the diet of the
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breeder hens. A significant (P<.003) increase in villus
 

width was also observed in hens fed diets containing .59,T YC,
 

however, no dietary differences (P>.05) were observed in
 

mean crypt depth.
 

The increases in villus height and width observed in
 

hens fed YC indicate a larger surface area for absorption of
 

nutrients in the intestine. This factor may be correlated
 

with the increased hatchability of fertile eggs reported in
 

Chapter IV, Experiment 2; however, morphological analyses of
 

the other to genetic lines (L and H) would be required in
 

order for a definitive conclusion to be established. Future
 

experiments which study the morphology differences among the
 

three lines of breeder hens fed YC are required.
 



Table A2.1. Incubation performance ( %) of eggs stored from 0-7, 8-14, and 0-14 d prior to incubation in
 
three lines of Wrolstad Medium White hens during the 1992 breeding season (Experiment 1)
 

Line Pre-incubation Fertility Early Mid- Late Pipped Hatchability
 
Egg Storage Embryonic Embryonic Embryonic Embryos'
 
Time (d) Mortality Mortality Mortality
 

(0-10 d) (11-20 d) (21-28 d)
 

3.85 .39 9.20b 15.15 72.60a
Low 0-7 95.33
 

8-14 94.33 4.62 .42 14.66' 16.83 65.34b
 

0-14 94.48 4.56 .40 11.29b 15.45 69.78'
 

SEM .59 .73 .15 .99 1.71 1.82
 

High 0-7 95.21 7.27b .19 15.24b 14.38 63.91'
 

8-14 95.26 10.20a .37 18.44a 12.30 59.51b
 

0-14 95.37 9.11' .40 15.90'b 13.42 62.17'
 

.72 .14 1.14 1.15 1.10
SEM .84
 

15.30 9.95' 70.35
 

8-14 94.58 4.77 .46 14.23 13.86' 67.91
 

0-14 93.30 5.16 .60 13.95 11.966 69.53
 

SEM .84 .49 .20 1.02 .70 1.56
 

Cross 0-7 95.54 5.15 .43
 

Source of variation Probabilities
 

Line NS <.001 NS <.001 <.001 <.001
 

Time NS <.01 NS <.01 NS <.001
 

Interaction NS NS NS <.04 NS NS
 

Embryos which externally pipped the shell, but did not hatch.
'
 

a,b Means in columns within lines without a common superscript differ significantly (P<.05).
 



Table A2.2. Incubation performance (%) of eggs stored from 0-4, 5-9, 10-14, and 0-14 d prior to incubation
 
in three lines of Wrolstad Medium White hens during the 1993 breeding season (Experiment 2)
 

Line Pre-incubation 
Egg Storage Time 
(d) 

Fertility Early 
Embryonic 
Mortality 
(0-10 d) 

Mid-
embryonic 
Mortality 
(11-20 d) 

Late 
Embryonic 
Mortality 
(21-28 d) 

Pipped 
Embryos' 

Hatchability 

Low 0-4 93.83 6.46 .92 8.04b 12.27 72.30a 

5-9 92.62 8.10 1.37 9.47b 14.98 66.09b 

10-14 95.80 8.33 1.38 12.04a 15.14 63.116 

0-14 93.51 7.56 1.37 9.85'b 14.68 66.55b 

SEM 1.04 1.05 .39 .98 1.21 1.76 

High 0-4 87.98 10.73 2.68' 13.51 13.33'1" 59.75 

5-9 87.66 13.40 1.28" 12.18 11.81" 61.35 

10-14 90.30 11.00 2 . 13ab 12.95 16.54' 57.39 

0-14 87.40 12.03 13.01 13.30'1" 59.81 

SEM 2.15 1.61 .49 1.64 1.64 2.33 

Cross 0-4 93.86 7.83 2.31 9.74b 9.65 70.48' 

5-9 91.54 7.86 1.56 13.56a 11.57 65.43'1' 

10-14 93.54 11.01 2.52 15.44a 12.78 58.246 

0-14 90.88 8.83 1.87 13.44' 11.56 64.31'6 

SEM 1.20 1.24 .53 1.41 1.39 2.99 

Source of variation Probabilities 

Line <.001 <.001 <.03 <.001 <.003 <.001 

Time NS NS NS <.01 <.01 <.001 

Interaction NS NS NS NS NS NS 

' Embryos which externally pipped the shell, but did not hatch. 
a,b Means in columns within lines with no common superscripts differ significantly (P<.05).
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Table A2.3. Incubation performance (%) of eggs stored from 0-14 d prior to incubation in three lines of
 
Wrolstad Medium White hens fed diets without (CS) or with .5% yeast culture' (CS + YC) during the 1992
 
breeding season (Experiment 1)
 

Line Diet Fertility Early Late Pipped Hatchability 
Embryonic Embryonic Embryos' 
Mortality2 Mortality' 

Low CS 94.68 5.41 10.26 12.27b 72.75 

CS + YC 94.28 3.70 12.32 18.62a 66.82 

SEM .51 .57 1.08 1.62 1.92 

High CS 92.36 9.31 15.50 13.31 62.39
 

CS + YC 92.38 8.91 16.30 13.54 61.94
 

SEM 1.32 .42 .80 .78 .88
 

Cross	 CS 94.34 5.57 14.65 12.85 67.33b
 

CS + YC 92.26 4.75 13.24 11.06 71.73a
 

SEM 1.19 .27	 .94 .69 1.24
 

Source of variation	 Probabilities
 

Line NS <.01 <.01 <.01 <.01
 

Diet NS <.02 NS <.05 NS
 

Interaction NS NS	 NS <.01 <.01
 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills, Inc., Cedar Rapids, IA.
 
0 to 10 d of incubation.
 

3 21 to 28 d of incubation.
 
4 Embryos which externally pipped the shell, but did not hatch.
 
ab Means in columns within lines with no common superscripts differ significantly (P<.05).
 

2 



Table A2.4. Incubation performance (90 of eggs stored from 0-14 d prior to incubation in three lines of
 
Wrolstad Medium White hens fed diets without (CS) or with .59.; yeast culture' (CS + YC) during the 1993
 
breeding season (Experiment 2)
 

Line Diet Fertility Early Embryonic Late Embryonic Pipped Hatchability 
Mortality2 Mortality2 Embryos' 

Low CS 95.50a 6.60 9.43 15.11 67.94 

CS + YC 91.50b 8.51 10.27 14.26 65.16 

SEM .92 .83 .78 1.00 1.43 

13.24 56.54"
High CS 83.80b 14.72a 13.25
 

CS + YC 91.00a 9.351" 12.77 13.36 63.07a
 

SEM 1.88 1.54 1.70 1.63 1.93
 

15.66' 13.41 59.00
 

CS + YC 90.40 7.01 11.19b 9.73
 

Cross CS 91.30 10.64
 

69.61
 

SEM 1.36 1.35 1.30 1.45 3.68
 

Probabilities
 

Line <.01 <.01 <.02 <.06 <.01
 

Diet NS <.02 NS
 

Source of variation
 

NS <.01
 

Interaction <.01 <.01 NS NS <.01
 

XP yeast culture°, Saccharomyces cerevisiae, Diamond V. Mills, Inc., Cedar Rapids, IA.
 
0 to 10 d of incubation.
 

3 21 to 28 d of incubation.
 
' Embryos which externally pipped the shell, but did not hatch.
 
a'b Means in columns within lines with no common superscripts differ significantly (P<.05).
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Table A2.5. The effect of corn-soy bean diets without (CS) and with .5% yeast culture' (CS + YC) on selected
 
blood plasma chemistries of Wrolstad Medium White turkey breeder hens2 during the 1992 breeder season
 
(Experiment 1)
 

Line Diet	 Creatine Lactate Aspartate
 
Phosphokinase Dehydrogenase Aminotransferase
 

(IU/1) (IU/1) (IU/1)
 

Low CS 6199 359 572
 

CS + YC 5873 336 536
 

SEM 620 35 31
 

High CS	 3793 266 463
 

CS + YC 3584 259 492
 

SEM 636 24 23
 

Cross	 CS 5052 276 527
 

CS + YC 4199 265 514
 

SEM 703 35	 34
 

Source of variation Probabilities
 

Line <.01 <.01 <.03
 

Diet NS NS NS
 

Interaction	 NS NS NS
 

Uric Acid
 

(mg/d1)
 

7.5
 

6.7
 

.7
 

5.6
 

5.5
 

.5
 

5.7
 

5.3
 

.4
 

<.01
 

NS
 

NS
 

Total
 
Protein
 

(mg/dl)
 

4.9
 

4.9
 

.1
 

4.8
 

5.0
 

.1
 

4.8
 

5.0
 

.1
 

NS
 

NS
 

NS
 

XP yeast culture°, Saccharomyces cerevisiae", Diamond V. Mills, Inc., Cedar Rapids, IA.
 
2 Hens were 36, 43, and 50 weeks of age (WOA) in the L and H lines and 34, 41, and 48 WOA in the C line.
 
a,b Means in columns within lines with no common superscripts differ significantly (P<.05).
 



Table A2.6. The effect of corn-soy bean diets without (CS) and with .595 yeast culture' (CS + YC) on selected
 
blood plasma chemistries of Wrolstad Medium White turkey breeder hens2 during the 1992 breeder season
 
(Experiment 1)
 

Line Diet Phosphorus Cholesterol Sodium Potassium Triglyceride
 

(mg /dl) (mg /dl) (mg /dl) (mg /dl) (mg /dl)
 

Low CS 6.0 200 161 5.1a 1043'
 

CS + YC 5.9 238 160 5.0' 1229'
 

SEM .2 14 1 0.1 201
 

High CS 5.2 181 159 4.6a 885a
 

CS + YC 5.5 186 158 4.7' 941'
 

SEM .3 13 1 0.1 134
 

Cross CS 5.8 150b 157 4.5b 8956
 

CS + YC 6.3 206' 158 4.7' 1331'
 

SEM .6 17 1 .1 165
 

Source of variation Probabilities
 

Line NS <.02 <.001 <.001 NS
 

Diet NS <.01 NS NS NS
 

Interaction NS NS NS NS NS
 

XP yeast culture ®, Saccharomyces cerevisiae", Diamond V. Mills, Inc., Cedar Rapids, IA.
 
2 Hens were 36, 43, and 50 weeks of age (WOA) in the L and H lines and 34, 41, and 48 WOA in the C line.
 

Means in columns within lines with no common superscripts differ significantly (P<.05).
 

w
 



Table A2.7. Egg weight, percent yolk weight, and shell breaking strength of eggs from hens' fed corn-soy
 
diets without (CS) or with yeast culture2 (CS + YC) during the 1992 (Experiment 1) and 1993 (Experiment 2)
 
breeding seasons
 

Line	 Diet Egg Weight Percent Breaking Egg Weight Percent Breaking
 
(g)	 Egg Yolk Strength (kg) (g) Egg Yolk Strength (kg)
 

Experiment 1 Experiment 2
 

Low CS 83 35.0 4.7 73 31.8 5.0
 

CS + YC	 82 35.1 4.4 73 30.7 5.3
 

SEM 1 .5 .1 1 .6 .2
 

High CS 80 35.4 4.1 71 30.4 5.0
 

CS + YC 79 35.7 4.0 72 30.4 4.8
 

SEM 1 .6 .2
 1	 .4 .1
 

80 35.1 4.0 71 30.7 5.6
 

CS + YC 80 36.3 4.2 72 30.4 4.9
 

SEM 1
 

Cross	 CS
 

.7	 .2 1 .7 .6
 

Source of variation Probabilities
 

Line <.01 NS <.01 <.02 NS NS
 

Diet NS NS NS NS NS NS
 

Interaction NS NS NS NS NS NS
 

L and H line hens were 50 weeks of age (WOA) and C line hens were 48 WOA (Experiment 1), and hens were
 
51 WOA (Experiment 2).
 

2 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills, Inc., Cedar Rapids, IA.
 



Table A2.8. Goblet cell count per mm of villus, mean villus height, villus width and area, and crypt depth
 
in line C hens fed diets without (CS) or with .5% yeast culture' (CS + YC) at 51 weeks of age
 

Diet Goblet cells2 Villus Height Villus Width Crypt Depth 

number/mm (mm) 

CS 66 1.22 .068b .13 

CS + YC 52 1.49 .088a .15 

SEM 5 .08 .003 .01 

Source of variation Probabilities
 

Diet <.13
 <.08 <.008 <.32
 

XP yeast culture ®, Saccharomyces cerevisiae", Diamond V. Mills, Inc., Cedar Rapids, IA.
 
2 Goblet cells were enumerated within .01 mm of the apical surface along the perimeter of 9 villi per
 

bird.
 
a,b Means within a column with no common superscripts differ significantly (P<.01).
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APPENDIX 3. EFFECTS OF MATERNAL DIETS SUPPLEMENTED WITH
 
YEAST CULTURE (YC), FEEDING DIETS CONTAINING AUTOCLAVED YC
 
(TRIAL 1) AND FEEDING DIETS SUPPLEMENTED WITH YC (TRIAL 2)
 

ON POULT PERFORMANCE
 

Introduction
 

Two trials were conducted to evaluate the effects of
 

maternal diets without and with .5% YC (XP yeast culture ®,
 

Saccharomyces cerevisiaeP, Diamond V. Mills, Inc., Cedar
 

Rapids, IA) on poult livability and general performance and
 

to evaluate the effects of additional dietary treatments.
 

The breeder hens described previously in Chapter IV,
 

Experiments 1 and 2 were the source of the poults in Trials
 

1 and 2, respectively.
 

The objective of Trial 1 was to evaluate the effect of
 

maternal diets containing .5% YC (Experiment 1) and the
 

effects of feeding poults .5% biologically inactivated
 

(autoclaved) YC on body weights, feed to gain ratios, and
 

mortality at 28 and 56 days of age (DOA). The YC in this
 

trial was autoclaved as a preliminary study conducted to
 

investigate the possible lack of YC activity after heat
 

treatment (autoclaving being an exaggerated model of feed
 

pelleting).
 

The objectives of Trial 2 were to determine the effects
 

of maternal diets with .5% supplemental YC (Experiment 2)
 

and the feeding of diets without and with .5% YC to poults
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of three genetic lines (L, H, and C) on body weights, feed
 

consumptions, feed to gain ratios, and mortality (1 to 29
 

DOA). In addition, percentage gizzard, liver, and small
 

intestine weights were determined at 29 DOA.
 

Materials and Methods
 

In Trial 1, 160 poults from each of the two maternal
 

diets were randomized among 8 pens (4 pens per maternal
 

diet, 40 poults per pen). Poults were fed 28% CP corn-


soybean meal diets without (CS) and with .5% autoclaved YC
 

(CS + AYC, autoclaved at 121 C for 35 min at 12 psi). Body
 

weights were measured at 1, 28, and 35 DOA. Feed to gain
 

ratios, and percent mortality were determined at 28 and
 

56 DOA.
 

In Trial 2, 120 poults from each of the two maternal
 

diets were randomized within maternal diet and three genetic
 

lines (2 X 2 X 3 factor experiment) among 24 battery cages
 

(4 pens per maternal diet within line, 4 pens per poult diet
 

within line, 10 poults per pen). The poults were fed 28% CP
 

corn-soy diets without (CS) and with .5% YC (CS + YC).
 

Poult body weights were measured at 1, 15, and 29 DOA. Feed
 

consumption, feed to gain ratios, percent mortality, and the
 

percent gizzard, liver and small intestine (as a percent of
 

live body weight) were determined at 29 DOA.
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Results
 

Trial 1
 

The effects of maternal diet (.5% dietary YC) and
 

feeding .5% autoclaved YC to poults from 1 to 56 DOA are
 

summarized in Table A3.1. There were no differences (P<.05)
 

in body weight, feed to gain ratios, or percent mortality at
 

4 and 8 WOA due to either .5% autoclaved YC or maternal
 

diets containing .5% YC. These results suggest that
 

autoclaved YC and maternal dietary YC do not affect body
 

weight, feed to gain ratios, or percent mortality at 4 and
 

8 WOA.
 

Trial 2
 

The effects of maternal diets (.5% YC) and feeding
 

poults .5% dietary YC from 1 to 28 DOA on initial body
 

weights, body weight gains, feed consumptions, feed to gain
 

ratios, percent mortality, and the percentage of gizzard,
 

liver, and small intestine weights of L, H, and C line
 

poults for each sex were determined. A sex difference
 

(P<.01) in body weight gains at 15 and 29 DOA was observed;
 

consequently, body weight and the percent gizzard, liver and
 

small intestine weights in L, H, and C line poults are
 

summarized for females and males in Tables A3.2 and A3.3,
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respectively. The initial female body weights were lower
 

(P<.05) in poults assigned to the diet containing YC,
 

however, the poults receiving YC surpassed (P<.05) the
 

control fed poults in body weight gain at 15 d. The
 

addition of supplemental YC to the diet of female poults
 

also reduced (P<.05) percent liver and small intestine
 

weights in the line C poults and increased (P<.05) the
 

percent weight of the small intestine in the H line poults
 

at 29 DOA, Table A3.2. The initial male body weights and
 

subsequent body weight gains at 15 and 29 DOA were not
 

different (P>.05) in poults fed diets containing YC in any
 

of the three lines. The addition of supplemental YC to the
 

diet of male poults also had no effect (P>.05) on the
 

percent gizzard, liver and small intestine weights among the
 

three lines of poults at 29 DOA, Table A3.3.
 

The effects of .5% supplemental YC on feed
 

consumptions, feed to gain ratios, and percent mortality in
 

L, H, and C line poults at 29 DOA are summarized in
 

Table A3.4. No dietary differences (P>.05) were apparent
 

among any of the three genetic lines of poults; however,
 

there was a line effect (P<.02) as the H line poults
 

experienced an increase in feed to gain ratios and increased
 

(P<.07) percent mortality when compared to the L and C line
 

poults at 29 DOA. The effects of .5% YC in the maternal
 

diet on feed consumptions, feed to gain ratios, and percent
 



245 

mortality in L, H, and C line poults at 29 DOA are
 

summarized in Table A3.5. No differences (P>.05) due to
 

maternal dietary YC were observed among the three lines of
 

poults; however, there was a consistent (P <.04) increase in
 

feed to gain ratios and an increased (P<.08) percent
 

mortality in the H line poults when compared to the L and C
 

line poults at 29 DOA. These results suggest that the
 

addition of .5% YC to the maternal diet does not affect
 

poult growth performance or livability. The varied poult
 

responses (between lines and sex) beginning at 15 DOA,
 

however, demonstrated that genetic and sex-related variation
 

is important in evaluating diets containing a YC.
 

Consequently, the sex and genotype of poults may be an
 

important aspect in the design of future research involving
 

the influences of feeding diets containing a YC.
 



Table A3.1. Effects of diets without (CS) and with .5% yeast culture' (CS + YC) and maternal diets without
 
(MCS) and with .5% yeast culture (MCS + YC) on body weights, feed to gain ratios, and mortality of straight-

run poults2 at 4 and 8 weeks of age (WOA)
 

4 WOA 8 WOA 

Factor Mean Body 
Weight 

Feed to Gain 
Ratio 

Mortality Mean Body 
Weight 

Feed to 
Gain Ratio 

Mortality 

Diet (g) (g:g) (%) (g) (g:g) (%) 

CS 1.50 1.42 .8 4.56 1.88 2.0 

CS + YC 1.47 1.42 2.3 4.66 1.88 2.5 

SEM .02 .01 .8 .06 .04 1.1 

Maternal Diet
 

MCS 1.48 1.42 1.0 4.62 1.84 1.8
 

MCS + YC 1.49 1.41 2.0 4.60 1.92 2.8
 

SEM .01 .01 .9 .06 .04 1.1
 

Probabilities
 
variation
 
Source of
 

NS
Diet NS NS NS NS NS
 

NS
Maternal Diet NS NS NS NS NS
 

XP yeast culture®, Saccharomyces cerevisiae, Diamond V. Mills Inc., Cedar Rapids, IA.
 
2 Poults were from L, H, and C line hens described in Chapter IV, Experiment 1.
 



Table A3.2. Individual mean body weights of female poults1 fed diets without (CS) and with .5% yeast culture'
 
(CS + YC) on body weight gains and percent gizzard, liver and Si 3 weights at 29 days of age
 

Line Diet	 Day-old Body Weight Body Weight Gizzard Liver SI
 

Body Weight Gain Gain
 
(1 d) (15 d) (29 d)
 

(g)	 ( %)
 

Low CS 48.6 173 519 2.96 1.82 6.51
 

CS + YC 47.9 164 481 2.99 1.85 6.83
 

SEM 1.8
 9 21 .16	 .04 .16
 

High CS 47.9'	 1446 447 3.02 1.91 6.01b
 

176' 497 3.16 1.94 6.79'
CS + YC 45.9h
 

SEM .7 9 24 .16 .14 .23
 

Cross CS 46.7 160 491 2.86 1.86' 6.54'
 

CS + YC 46.6 158 508 2.66 1.69b 5.83h
 

SEM 1.2 10 34 .13 .06 .21
 

Probabilities
 

Sex NS <.01 <.001 NS <.01 NS
 

Line (L) NS NS NS NS <.05 <.01
 

Diet (D) NS NS NS NS NS NS
 

Maternal Diet (MD) NS <.07 <.01 NS NS NS
 

L X D NS <.02 NS NS NS <.02
 

L X MD NS NS
 

Source of variation
 

NS	 <.05 NS <.08
 

Poults were from L, H, and C line hens described in Chapter IV, Experiment 2.
 
2 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
3 Small intestine (from the end of the duodenal loop to the ileocecocolic junction).
 



Table A3.3. Individual mean body weights of male poultsl fed diets without (CS) and with .51; yeast culture2
 
(CS + YC) on body weight gains and percent gizzard, liver and SI3 weights at 29 days of age
 

Line Diet	 Day-old Body Weight Body Weight Gizzard Liver SI
 

Body Weight Gain Gain
 
(1 d) (15 d) (29 d)
 

(g) (%)
 

Low CS 46.6 182 566 2.75 1.79 6.55
 

546 2.87 1.79 6.47
 

SEM 1.3 8 26 .15 .04 .28
 

CS + YC 49.7 172
 

High CS 47.3 164 538 2.97 1.80 6.18
 

CS + YC 46.7 180 564 3.14 1.71 6.17
 

SEM .8 9 23 .14 .04 .19
 

Cross CS 48.0 186 604 2.97 1.68 6.29
 

CS + YC 45.8 166 554 3.05 1.69 6.03
 

SEM 1.0 9 23
 .13 .06 .24
 

Source of variation Probabilities
 

Sex NS <.01 <.001 NS <.01 NS
 

Line (L)
 NS NS NS	 NS <.05 <.01
 

Diet (D) NS NS NS NS NS NS
 

Maternal Diet (MD) NS <.07 <.01 NS NS NS
 

NS NS <.02
L X D NS .02 NS
 

L X MD NS NS NS
 <.05 NS <.08
 

Poults were from L, H, and C line hens described in Chapter IV, Experiment 2.
 
2 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar Rapids, IA.
 
3 Small intestine (from the end of the duodenal loop to the ileocecocolic junction).
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Table A3.4. Feed consumptions, feed to gain ratios, and percent
 
mortality of straight-run poults1 fed diets without (CS) and with .5%
 
yeast culture2 (CS + YC) at 29 days of age
 

Line Diet	 Feed Feed to Gain Mortality
 
Consumption Ratio
 

(g) (g:g)	 (%)
 

Low CS 963 1.83 0
 

CS + YC 981 1.81 0
 

SEM 31 .02 0
 

High CS 945 1.89 10.50
 

CS + YC 975 2.01 13.00
 

SEM 64 .04 7.21
 

Cross CS 1019 1.86 7.75
 

CS + YC 947 1.86 3.25
 

SEM 30 .05 3.93
 

Source of variation Probabilities
 

Line NS <.02 <.07
 

Diet NS NS NS
 

Interaction NS NS NS
 

Poults were from L, H, and C line hens described in Chapter IV,
 
Experiment 2.
 

2 XP yeast culture°, Saccharomyces cerevisiae", Diamond V. Mills
 
Inc., Cedar Rapids, IA.
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Table A3.5. Feed consumptions, feed to gain ratios, and percent
 
mortality of straight-run poults1 from hens fed diets without (MCS) and
 
with .5% yeast culture2 (CS + YC) at 29 days of age
 

Line Maternal Diet	 Feed Feed to Mortality
 
Consumption Gain Ratio
 

(g) (g:g) (%-)
 

Low MCS 979 1.80 0
 

MCS + YC 965 1.84 0
 

SEM 32 .02 0
 

High MCS 958 1.93 9.67
 

MCS + YC 961 1.96 13.00
 

SEM 74 .06 8.30
 

Cross MCS 983 1.85 6.75
 

MCS + YC 983 1.87 4.25
 

SEM 36 .05 4.08
 

Source of variation Probabilities
 

Line NS <.04 <.08
 

Maternal Diet NS NS NS
 

Interaction NS NS NS
 

1
 Poults were from L, H, and C line hens described in Chapter IV,
 
Experiment 2.
 

2 XP yeast culture®, Saccharomyces cerevisiae', Diamond V. Mills
 
Inc., Cedar Rapids, IA.
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APPENDIX 4. THE EFFECTS OF .02% SUPPLEMENTAL YEAST
 
(SACCHAROMYCESCEREVISIAE VAR. BOULARDII) AND .05% COPPER
 

SULFATE ON POULT PERFORMANCE AND ILEAL MORPHOLOGY'
 

Introduction
 

The effects of a newly marketed yeast, Saccharomyces
 

cerevisiae var. bouiardii (SCB, Levucell SB20°, Agrimerica,
 

Inc., Northbrook, IL), on poult performance and ileal
 

morphology was described in Chapter V. The effects of
 

copper sulfate in the diets of poults fed SCB was also
 

studied at that time since in preliminary studies (in
 

vitro), diets containing .05o copper sulfate (CU) inhibited
 

gas production of a yeast culture (XP yeast culture°,
 

Saccharomyces cerevisiaeu, Diamond V. Mills Inc., Cedar
 

Rapids, LA). The in vivo effects of this phenomena were
 

investigated by using a 2 X 2 factorial design. Since the
 

focus of this thesis is on the effects of a yeast and a
 

yeast culture, partial results of this factorial study were
 

presented in Chapter V and the complete results are
 

summarized in this Appendix 4. The effects of SCE and
 

exogenous amounts of dietary CU on poult performance and
 

ileal morphology from 21 to 35 days of age (DOA) are
 

summarized as follows.
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Materials and Methods
 

The management and manner in which the influences of
 

supplemental SCB (.02%) and CU (.05%) fed to Nicholas poults
 

(line cross 50-0602) on the effects of weight gain, feed
 

consumption, feed to gain ratios, goblet cell numbers,
 

villus height and width, and crypt depth at 35 DOA were
 

studied have been described in Chapter V.
 

Statistical Analysis
 

A factorial design of treatments was used in this
 

analysis with the model: Yijk = A + SCBi + CUB + (SCB*CU),3
 

Eijk, where; Yijk = the kth observation (k = 1, 2, ..., n),
 

on the ith class of SCB (i = 1, 2) , on the jth class of CU (j
 

= 1, 2); A = overall mean; SCBi = the effect of ith diets and
 

CUB = the effect of jth CU; (SCB*CU),3 = the interaction
 

between SCB and CU; Eiji, = the random error term. In order
 

to maximize the information contained in this experiment,
 

the mean of the simple effects are given in the tables and
 

are explained in the text while the probabilities of the
 

factorial analysis are given at the bottom of each table.
 

Means were separated by the Protected Least Significant
 

Difference test similar to Chapter V.
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Results
 

Body weight gains, feed consumptions, and feed to gain
 

ratios from 21 to 35 DOA are summarized in Table A4.1. No
 

differences (P>.10) in body weight gains, feed consumptions,
 

and feed to gain ratios were observed between 21 and 35 DOA;
 

however, a numerically higher (100 g) periodic weight gain
 

was observed in birds fed SCB when compared to the control
 

(CS) fed birds. Those birds fed both SCB and CU
 

demonstrated the poorest response in weight gains, feed
 

consumptions and feed to gain ratios. No differences
 

(P>.05) were observed in percent mortality or the incidence
 

of leg weaknesses (data not shown).
 

Morphology changes (goblet cell numbers, villus height,
 

villus width, and crypt depth) in poults fed the four
 

experimental diets are summarized in Table A4.2. Goblet
 

cell counts were lowest (P<.001) in poults fed SCB. When CU
 

was added to the control and SCB diets, however, goblet cell
 

counts increased (P<.001) beyond those of poults fed the
 

control or SCB. There was also a slight SCB-CU interaction
 

(P<.09) for goblet cell numbers as the influence of SCB was
 

negated by the addition of CU to the diet. Villus height in
 

poults fed SCB + CU was increased (P<.03) when compared with
 

those of poults fed either the control or SCB diets.
 

Although not as apparent as the other morphology changes, a
 

small increase (P<.12) in villus width was observed in
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poults fed SCB + CU when compared to the control fed birds.
 

An increased (P<.02) crypt depth was also observed in birds
 

fed diets containing SCB + CU as compared to birds fed only
 

the SCB or CU diets, but was not different from the poults
 

fed the control diet. The increased crypt depth observed in
 

the birds receiving the diet containing SCB + CU resulted in
 

a SCB-CU interaction (P<.006) and suggests that an increased
 

rate of epithelial cell proliferation is occurring in birds
 

fed this diet as compared to those fed only SCB or CU diets.
 

The results of this study indicate that CU can
 

eliminate the reduction in goblet cells observed in poults
 

fed SCB. These results also reveal that SCB and CU fed
 

separately do not affect crypt depth, but when they are
 

combined (SCB + CU), they can cause increased crypt depth
 

which may indicate a greater demand for intestinal 

epithelial maintenance (Neutra, 1988). Furthermore, 

SCB + CU diets also increased villus height thereby 

providing a greater surface area for subsequent nutrient
 

absorption. This increased surface area may be an
 

indication that a lower nutrient density exists within the
 

lumen of birds fed CU diets, and thus, the poult is required
 

to maintain a higher villus length (Neutra, 1988). These
 

findings also suggest that the microbial ecology of the
 

ileum is altered when poults are fed diets with SCB, CU, and
 

SCB + CU (Larson, 1989). Consequently, further research
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evaluating the effects of SCB, CU, SCB + CU, and the SCB-CU
 

interactions observed on poult performance and
 

gastrointestinal morphology are essential.
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Table A4.1. Periodic weight gains, periodic feed
 
consumption and feed to gain ratios in poults1 fed diets
 
without (CS) and with either .02% yeast2 (CS + SCB), .050
 
copper sulfate3 (CS + CU), or .05% copper sulfate with yeast
 
(CS + CU + SCB) from 21 to 35 days of age
 

Diet Weight Gain	 Feed Feed to Gain
 
Consumption Ratio
 

(g)	 (g:g)
 

CS 835 1416 1.75
 

CS + SCB 938 1609 1.73
 

CS + CU 846 1527 1.81
 

CS + CU + SCB 745 1353 1.86
 

SEM 77	 115 .11
 

Source of Probabilities
 
variation
 

SCB NS NS NS
 

CU NS NS NS
 

Interaction NS NS NS
 

1 Nicholas line (50-0602) described in Chapter V.
 
2 Levucell SB20e, Saccharomyces cerevisiae var.
 

boulardii, Agrimerica, Inc., Northbrook, IL.
 
3 Copper sulfate containied .25% copper as CuSO4.5H20.
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Table A4.2. Goblet cell count per mm of villus, mean villus height, width, and crypt depth
 
in poulte at 35 days of age (DOA) fed diets without (CS) and with either .02% yeast2 (CS
 
+ SCB), .05% copper sulfate (CS + CU), or .05% copper sulfate with yeast (CS + CU + SCB)
 
from 21 to 35 DOA 

Diet Goblet Cells4 Villus Height Villus Width Crypt Depth 

number/mm (mm) 

CS 40.7b 1.03b .079 .19'b 

CS + SCB 31.9c 1.07" .093 .14b 

CS + CU 51.0' 1.25'b .092 .14" 

CS + CU + SCB 51.0' 1.39' .011 .24' 

SEM 2.30 .07 .007 .02 

Source of variation Probabilities
 

SCB <.09 NS <.07 NS
 

CU <.001 <.007 <.09 NS
 

<.09 NS NS <.006
Interaction
 

1 Nicholas line (50-0602) described in Chapter V.
 
Levucell SE20®, Saccharomyces cerevisiae var. boulardii, Agrimerica, Inc.,
 

Northbrook, IL. 
3 Copper sulfate contained .25% copper as CuSO4.5H20. 
4 Goblet cells were enumerated within .01 mm of the apical surface along the perimeter 

of 9 villi per bird.

a,b Means within a column with no common superscripts differ significantly (P<.05).
 

N 
LTI 
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APPENDIX 5. EFFECTS OF FEEDING .25% YEAST CULTURE
 
(SACCHAROMYCES CEREVISIAEEP) TO MARKET TURKEYS
 

ON ILEAL MORPHOLOGY
 

Introduction
 

Direct-fed microbials (DFM) have been implicated in
 

altering viscera weights through changes in the gut
 

microbiota. Yeast have also affected viscera weights in
 

broilers fed diets containing aflatoxin (Stanley et al.,
 

1993). In addition, microanatomical changes in duodenal
 

sections have also been observed with the use of bacterial
 

DFM (Samuel Nahashon, 1994, Withycombe Hall 112, Oregon
 

State University, Corvallis, OR 97331, unpublished data).
 

Consequently, the hypothesis that supplemental YC could also
 

influence the percent viscera weights of Large White turkeys
 

was investigated.
 

The effects of .2596 supplemental yeast culture (YC) on
 

selected percent wet viscera weights and ileal microscopic
 

morphology were measured from birds described in Chapter VI,
 

Experiment 3. At each weighing period, one bird (whose
 

weight was close to that of the representative mean pen body
 

weight) was selected from each pen. Select wet viscera
 

weights were measured immediately after dissection at 2, 5,
 

8, 11, 14, and 17 weeks of age (WOA). The percent wet
 

viscera weights were calculated as the wet viscera weight
 

divided by the live body weight, multiplied by 100.
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Histological tissue examinations were performed as
 

described in Chapter IV at 2, 8, 14, and 17 WOA (except 4
 

photomicrographs were recorded from each bird and 4 counts
 

were taken randomly form each photomicrograph, a total of 16
 

measurements per bird).
 

Results
 

The data summarized in Table A5.1 demonstrates the
 

effects of feeding .25% dietary YC on percent weights of
 

gizzard, spleen, liver ceca, small intestine, crop and the
 

bursa of Fabricius. Because of labor time constraints, the
 

ceca, small intestine and bursa of Fabricius were measured
 

at 2, 5, 8, and 11 WOA; and the crop was weighed at 2, 5,
 

and 11 WOA. No differences (P>.05) were apparent during any
 

of the weekly intervals measured, however, numerical trends
 

were observed as the percent gizzard weights were greater in
 

turkeys fed supplemental YC. There was an overall (2
 

through 17 WOA) increase (P<.04) of .37% in gizzard weight
 

in turkeys receiving YC. As expected, the normal growth and
 

development of the turkeys caused decreases (P<.0001) in the
 

percent gizzard, spleen, liver, ceca, and bursa weights, and
 

increases (P<.0001) in the percent small intestine and crop,
 

Table A5.2.
 

The effects of diets without and with .25% YC on the
 

number of goblet cells per mm of villus height, villus
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height and width, and crypt depth measured at 2, 8, 14, and
 

17 WOA are summarized in Table A5.3. At 2 WOA, increases in
 

villus width (P <.006) and crypt depth (P<.05) were apparent
 

for birds fed diets containing .25% dietary YC. Although
 

not significant (P>.10), the number of goblet cells were
 

reduced by 9.13 per mm of villus height in birds fed
 

supplemental YC at 2 WOA. No dietary differences (P>.10)
 

were observed in the morphologic features measured at 8 WOA.
 

At 14 WOA, there were increases (P<.03) in the number of
 

goblet cells and the crypt depth in turkeys fed YC. At 17
 

WOA, turkeys fed the dietary YC demonstrated increased
 

(P<.08) villus heights and reduced (P<.05) villus widths.
 

The number of goblet cells per mm of villus height,
 

villus height and width, and crypt depth measured at 2, 8,
 

14, and 17 WOA are summarized in Table A5.4. No differences
 

(P>.05) were observed in the number of goblet cells between
 

weeks 2, 8, 14, and 17 WOA. A significant (P<.02) increase
 

in villus height was observed at 2 WOA as compared to 8 and
 

14 WOA, however, this trend was not sustained through 17
 

WOA. The reason for this variation at 17 WOA remains
 

unknown. Although differences (P<.0002) in villus width
 

were apparent at 2 and 14 WOA vs 8 and 17 WOA, no plausible
 

explanation can be given at this time to explain these
 

differences. A significant (P<.01) decrease in crypt depth
 

was observed between weeks 2 and 8 vs weeks 14 and 17 WOA.
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These data indicate that the ileal micromorphology of
 

the growing turkey is constantly changing and although
 

dietary differences do appear, they are not entirely
 

consistent over time. In addition, the responses in the
 

percent weights of gizzard, spleen, liver, small intestine,
 

crop, bursa, and ileal morphology observed in this study
 

suggest that a large amount of variation may be expected
 

when evaluating the effects of YC in the diets of market
 

turkey toms.
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Table A5.1. The effects of diets without (CS) and with .25% additional
 
yeast culture' (CS + YC) in market turkeys2 on wet viscera weights
 
(expressed as a percent of live body weight) measured at 2, 5, 8, 11,
 
14, and 17 weeks of age (WOA)
 

WOA Diet Gizzard Spleen Liver Ceca SI3 Crop Bursa 

2 CS 5.73 3.14 4.60 1.05 .62 .09 .15 

CS + YC 5.89 2.88 5.02 1.17 .73 .08 .19 

SEM .09 .26 .45 .09 .03 .01 .02 

5 CS 4.32 .11 1.82 .96 3.41 .39 .14
 

CS + YC 4.34 .10 2.01 1.02 3.38 .35 .16
 

SEM .20 .01 .22 .14 .13 .03 .02
 

8 CS 4.05 .11 2.10 .98 3.68 NM .13
 

CS + YC 4.33 .13 1.82 1.00 3.67 NM .15
 

SEM .50 .01 .10 .09 .26 NM .01
 

11 CS 2.76 .10 1.40 .68 2.44 .37 .10
 

CS + YC 3.09 .10 1.28 .59 2.27 .34 .10
 

SEM .40 .01 .09 .05 .16 .03 .01
 

14 CS 1.61 .07 1.52 NM NM NM NM
 

CS + YC 1.75 .08 1.72 NM NM NM NM
 

SEM .25 .01 .14 NM NM NM NM
 

17 CS 1.06 .07 1.47 NM NM NM NM
 

CS + YC 1.38 .08 1.43 NM NM NM NM
 

SEM 15 .01 .10 NM NM NM NM
 

Source of Probabilities
 
variation
 

WOA <.0001 <.0001 <.001 <.01 <.01 <.01 <.004
 

Diet <.04 NS NS NS NS NS NS
 

XP yeast cultures, Saccharamyces cerevisiae", Diamond V. Mills,
 
Inc., Cedar Rapids, IA.
 

2 Chapter VI, Experiment 3.
 
3
 Small intestine (from the end of the duodenal loop to the
 

ileocecocolic junction).
 
NM = Not measured.
 



Table A5.2. The effect of age on market turkey' wet viscera weights (expressed as a percent of live body
 
weight) measured at 2, 5, 8, 11, 14, and 17 weeks of age (WOA)
 

WOA Gizzard Spleen Liver Ceca	 Small Crop Bursa
 
Intestine2
 

2 5.81' 3.01' 4.81' 1.11a .67' .09b .17a
 

.99a .25a
 
5 4.33b .12" 1.91b 3.39' .37'
 

8 4.19b .10b 1.96b .99a 3.68' NM .14a
 

11 2.43' .10b 1.34' .64b 2.35b .35' .10b
 

14 1.68d .08b 1.62' NM NM NM NM
 

17 1.22' .07b 1.45' NM NM NM NM
 

SEM .19 .06 .10
 .06 .10	 .01 .01
 

Probabilities
 
variation
 

WOA <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
 

Diet NS NS NS NS NS NS NS
 

Source of
 

1 Chapter VI, Experiment 3.
 
2 Small intestine was measured from the termination of the duodenal loop where the bile duct intersects
 

the ileocecocolic junction.
 
a,b Means within a column with no common superscripts differ significantly (P<.05).
 
NM = Not measured.
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Table A5.3. The effects of diets without (CS) and with .25% additional
 
yeast culture' (CS + YC) in market turkeys2 on ileal microscopic
 
morphology' measured at 2, 8, 14, and 17 weeks of age (WOA)
 

WOA Diet
 

2 CS
 

CS + YC
 

SEM
 

8 CS
 

CS + YC
 

SEM
 

14 CS
 

CS + YC
 

SEM
 

17 CS
 

CS + YC
 

SEM
 

Source of variation
 

WOA
 

Diet
 

Interaction
 

Goblet Villus Villus Crypt 
Cells4 Height Width Depth 

number/mm (mm) 

50.22 .88 .073b .13b 

41.09 .86 .113a .19a 

5.17 .02 .005 .01 

44.10 1.20 .138 .20 

48.62 1.04 .145 .19 

2.37 .11 .020 .03 

35.19b 1.00 .091 .10b 

44.33a 1.05 .089 .14a 

1.98 .06 .010 .01 

49.03 .91 .159a .10 

44.71 1.07 .101b .10 

5.96 .05 .010 .01 

Probabilities 

NS <.01 <.008 <.001 

NS NS NS <.07 

NS NS NS NS 

XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills,
 
Inc., Cedar Rapids, IA.
 

2 Nicholas male line crosses (Chapter VI, Experiment 3).
 
3A total of 16 histological measurements were used in estimating
 

the mean for each bird.
 
4 Goblet cells were enumerated within .01 mm of the apical surface
 

along the perimeter of 16 villi per bird.
 
a,b Means within a column with no common superscripts differ
 

significantly (P<.05).
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Table A5.4. The effect of age on market turkey1 ileal microscopic
 
morphology2 measured at 2, 8, 14, and 17 weeks of age (WOA) 

WOA Goblet Villus Villus Crypt 
Cells2 Height Width Depth 

number/mm (mm) 

2 45.7 .87b .09b .16a 

8 46.4 1.12a .14a .19a 

14 39.8 1.03a .096 .12b 

17 46.9 .99ab .13a .10b 

SEM 2.3 .04 .01 .01 

Source of Probabilities 
variation 

WOA NS <.02 <.0002 <.01 

Diet NS NS <.07 NS 

1 Nicholas male line crosses (Chapter VI, Experiment 3).
 
2A total of 16 histological measurements were used in estimating
 

the mean for each bird.
 
Goblet cells were enumerated within .01 mm from the apical
 

surface in 16 villi per bird.
 
a'b Means within a column with no common superscripts differ
 

significantly (P<.05).
 

3
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APPENDIX 6. EFFECTS OF FEEDING HYBRID MARKET MALE TURKEYS
 
DIETS CONTAINING .5% YEAST CULTURE (SACCHAROMYCES
 

CEREVISZAEu ON PRODUCTION PERFORMANCE
 

Introduction
 

This appendix details a feeding trial conducted as a
 

preliminary experiment to determine the effects of feeding
 

commercial Hybrid Large White market male turkeys corn-


soybean meal diets without and with .5% yeast culture (YC,
 

XP yeast culture°, Saccharomyces cerevisiaeu, Diamond V.
 

Mills Inc., Cedar Rapids, IA) on growth rate, feed
 

consumption, feed to gain ratios, livability, leg
 

weaknesses, and cannibalism. Similar experiments have been
 

described using Nicholas Large White male turkeys in Chapter
 

VI.
 

Materials and Methods
 

A total of 240 commercial Hybrid Large White day-old
 

poults were obtained from the Oregon Turkey Hatchery,
 

Aurora, OR (January, 1991). The poults were serviced
 

(sexed, toe-trimmed, desnooded and provided with a
 

subcutaneous injection of B-complex vitamins) at the
 

hatchery. Poults were wing banded for identification,
 

placed in one of 12 pens with pine wood shavings as litter,
 

and fed corn-soy diets without or with .5% YC. The 12 pens
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were located in the same room to provide a common
 

environment (temperature, ventilation and lighting). The
 

poults were provided continuous (24L:OD) incandescent light
 

until 1 week of age (WOA) and were then provided with a
 

photoperiod of 12L:12D for the remainder of the study.
 

The parameters measured were described previously in
 

Chapter VI. The feeding program, feed form, and feeding
 

intervals are identical to those described in Chapter VI.
 

The analyzed CP values of each diet and feeding interval are
 

given in Table A6.1.
 

The same procedures used to analyze data in Chapter VI
 

were used with the exception that pen means were used as the
 

experimental units for all variables.
 

Results and Discussion
 

Body weights of the poults fed diets without and with
 

YC were measured at day-old, 2, 5, 8, 11, 14 and 17 WOA and
 

are summarized in Table A6.2. Although complete
 

randomization procedures were used, there was an unexplained
 

dietary difference (P<.02) between diets without and with YC
 

at day-old. The initial trend in body weight at one d of
 

age was reversed at 2 WOA and the turkeys fed YC were
 

lighter at 5 (P<.001), 8 (P<.002), 14 (P<.02), and 17
 

(P<.005) WOA.
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Periodic body weight gains were maintained or were
 

consistently lower for birds fed diets containing YC, Table
 

A6.3. Periodic weight gains were less for birds fed
 

supplemental YC from 2 to 5 (P<.001), 5 to 8 (P<.005), and
 

14 to 17 (P<.005) WOA. A slight compensatory weight gain
 

was noted from 8 to 11 WOA in birds fed YC. This same body
 

weight gain from 8 to 11 WOA has been observed in a previous
 

study utilizing the same feed formulations and a different
 

commercially available YC. Thus, the 8 to 11 week
 

improvement suggests that there may be a limiting factor
 

associated with the diets prior to this time. The
 

hypothesis of the author, which has been studied in
 

preliminary studies, is that the coccidiostat (Coban -60 ®)
 

used in the feed from day-old to 8 WOA adversely interacted
 

with the dietary YC, depressing turkey performance.
 

Cumulative feed to gain ratios of Hybrid market male
 

turkeys fed dietary YC were greater at 5 (P<.01) and 8
 

(P<.02) WOA and are summarized at each interval in
 

Table A6.4. Periodic feed to gain ratios of male turkeys
 

fed dietary YC were greater from 2 to 5 (P<.01) WOA,
 

Table A6.5. Cumulative feed consumptions of Hybrid market
 

male turkeys fed dietary YC were lower at 5 (P<.05), and 8
 

(P<.004) WOA. The percent incidences of mortality, inter-


bird aggression, and leg weakness of male turkeys fed diets
 

without and with YC are summarized in Table A6.6. Although
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no statistical analysis was performed, the incidences of leg
 

weaknesses and inter-bird aggression was 10.5 and 1.740
 

higher in the birds fed YC, respectively. These results
 

indicate that .5% supplemental YC appeared to be detrimental
 

to the performance of Hybrid Large White male turkeys. The
 

depressed feed consumption of birds fed dietary YC may
 

explain the reduced weight gain. The body weight and leg
 

weakness observed may indicate a negative response to the
 

dietary YC supplementation which was magnified from day-old
 

to 8 WOA and which could possibly be a result of the added
 

coccidiostat, Coban.
 



Table A6.1. Analyze& crude protein (CP) of market turkey corn-soy diets without (CS)
 
and with .5% yeast culture2 (CS + YC) fed from day-old to 17 weeks of age
 

Weeks of Age
 

Diet 1 to 2 2 to 5 5 to 8 8 to 11 11 to 14 14 to 17 

CS 28.7 25.0 25.3 21.4 18.2 16.9 

CS + YC 29.6 25.2 24.9 21.7 19.4 16.7 

Calculated CP
 

28.1 25.9 24.4 22.4 19.2 16.9
 

1 Kjeldahl analysis.
 
XP yeast culture®, Saccharomyces cerevisiaeu, Diamond V. Mills Inc., Cedar
 

Rapids, IA.
 
2
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Table A6.2. Body weights (kg) of Hybrid market turkeys fed diets without (CS) and
 
with .5% yeast cultures (CS + YC) from day-old to 17 weeks of age
 

Weeks of age
 

Diet Day-old 2 5 8 11 14 17 

CS .057b .230 .95a 2.92a 5.9 8.9a 12.3a 

CS + YC .059a .224 .84b 2.51b 5.5 8.3b 11.4b 

SEM .001 .003 .02 .07 .2 .15 .2 

Source of variation Probabilities
 

Diet <.02 NS <.001 <.002 NS <.02 <.005
 

Breeder Standard2
 

NA .308 1.50 3.71 6.4 9.3 12.5
 

XP yeast culture°, Saccharomyces cerevisiae, Diamond V. Mills Inc., Cedar
 
Rapids, IA.
 

2 Hybrid turkey standards of 1990.
 
a,b Means within columns in each experiment with no common superscripts differ
 

significantly (P<.05).
 



Table A6.3. Periodic body weight gains (kg) of Hybrid market turkeys fed diets
 
without (CS) and with .5% yeast culture' (CS + YC) from day-old to 17 weeks of age
 

Weeks of age
 

Diet 0 to 2 2 to 5 5 to 8 8 to 11 11 to 14 14 to 17
 

CS .173 .72a 1.974 2.9 3.1 3.4a
 

CS + YC .166 .62b 1.67b 3.0 2.8 3.0b
 

SEM .003 .02 .06 .1 .1 .1
 

Source of Probabilities
 
variation
 

Diet NS <.001 <.005 NS NS <.005
 

Breeder Standard2
 

.410 .92 2.21 2.7 2.9 3.2
 

1 XP yeast culture®, Saccharomyces cerevisiaeu, Diamond V. Mills Inc., Cedar
 
Rapids, IA.
 

2 Hybrid turkey standards of 1990.
 
a'b Means within experiments in columns with no common superscripts differ
 

significantly (P<.005).
 



Table A6.4. Cumulative feed to gain ratio of Hybrid Market Turkeys fed diets without
 
(CS) and with .5% yeast culture' (CS + YC) from day-old to 17 weeks of age
 

Weeks of age
 

Diet 0 to 2 0 to 5 0 to 8 0 to 11 0 to 14 0 to 17 

CS 1.83 1.95b 1.81b 2.01 2.26 2.49 

CS + YC 1.90 2.13a 1.89a 2.01 2.30 2.59 

SEM .03 .04 .02 .03 .03 .06 

Source of variation Probabilities
 

Diet NS <.01 <.02 NS NS NS
 

Breeder Standard2
 

NA 1.40 1.64 1.91 2.18 2.47
 

1 XP yeast culture°, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar
 
Rapids, IA.
 

2 Hybrid turkey standards of 1990.
 
a,b Means within experiments in columns with no common superscripts differ
 

significantly (P<.02).
 



Table A6.5. Periodic feed to gain ratios of Hybrid market turkeys fed diets without
 
(CS) and with .596 yeast culture' (CS + YC) from day-old to 17 weeks of age
 

Weeks of age 

Diet 2 to 5 5 to 8 8 to 11 11 to 14 14 to 17 

CS 1.98b 1.74 2.22 2.76 3.10 

CS + YC 2.20a 1.77 2.12 2.87 3.41 

SEM .04 .02 .04 .12 .15 

Source of variation
 

Diet <.01 NS NS NS NS
 

1 XP yeast culture®, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar
 
Rapids, IA.


a,b Means within experiments in columns with no common superscripts differ
 
significantly (P<.01).
 



Table A6.6. Mortality, incidence of aggression (cannibalism), and leg weaknesses of
 
Hybrid market turkeys fed diets without (CS) and with .50 yeast culture' (CS + YC)
 
from day-old to 17 weeks of age2
 

Diet Mortality Incidence of Leg Weaknesses 
Aggression 

0 

CS 6.67 2.86 6.25 

CS + YC 4.17 4.60 16.82 

XP yeast culture°, Saccharomyces cerevisiae", Diamond V. Mills Inc., Cedar
 
Rapids, IA.
 

2 No statistical analysis was performed.
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