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ABSTRACT 

Physiological changes occur when an animal experiences stress, these 

changes are reflected in a shift in the microbial ecology of the gastrointestinal 

tract (GIT), often to the detriment of the host. Since the eariy 1950's, 

producers have relied on the prophylactic use of sub-therapeutic levels of 

feed-additive antibiotics to protect young pigs, especially during the 

vulnerable post-weaning phase. Bacteria exposed to repeated doses of 

antibiotics, whether therapeutic or sub-therapeutic, may develop antibiotic 

resistance, scientists believe this resistance can be transferred to bacteria in 

or on non-target species, including humans. Antibiotics also kill bacteria that 

are known to be beneficial to the host. Consumer concerns about antibiotic 

resistance have prompted the search for viable alternatives. Two feed-

additives that have shown some promise as growth promotants are low 

levels of dietary fiber and probiotics. Like antibiotics, these feed-additives 

improve growth by shifting GIT microbial populations but without harming 

beneficial bacteria. 

This dissertation is the first in-depth study that combines both low levels 

of a dietary fiber, peanut hulls (PH), with a probiotic (multiple stabilized 

enzymes or MSE). Pigs were first fed graded levels of PH (0, 5,10, 15, 20, 

and 25%) to ascertain the most effective levels to be included in a second 

experiment, which combined PH (5% and 10% for the grower and finishing 

phases, respectively) with MSE. Average daily gain increased 19% when 
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5% PH were combined with MSE in the grower phase but the improvement in 

gain disappeared when the level of PH was raised to 10%. A third 

experiment compared the growth of growing-finishing pigs fed a corn-

soybean meal diet supplemented with either a popular antibiotic (Tylan 40®) 

or MSE. There was no difference in grower phase or overall growth 

performance of pigs fed diets containing either additive although pigs fed 

MSE grew faster and more efficientiy than those fed either Tylan® or the 

control in the late finishing phase. There is a clear indication that probiotics 

may act addltively, if not synergistically, with low levels of fiber and may offer 

a safe alternative to antibiotics. 
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CHAPTER I 

INTRODUCTION 

The ecology of the gastrointestinal tract (GIT) is complex and 

interconnected and comprised of approximately 400 species, including bacteria, 

yeast, fungi and protozoa. In healthy animals, this ecosystem is said to be 

"robust", or that it can rebuff incursions by both beneficial as well as pathogenic 

organisms. This means that every ecological niche is filled and all available 

nutrients are accounted for. When an animal experiences any kind of stress, 

physiological changes occur that impact the GIT ecosystem. 

Antibiotics are fed prophylactically to protect vulnerable animals; however, 

the use of antibiotics may encourage the development of antibiotic resistance. 

This resistance not only poses a threat to the target animal, there is potential that 

it can spread to non-target species. It has been suggested that bacteria can be 

considered as belonging to one huge multi-cellular organism in which DNA is 

freely traded. This situation is complicated by the fact that many bacteria carry 

resistance for more than one antibiotic. Greater responses to antibiotics and 

probiotics have been reported for young and/or stressed animals. 

Probiotics are live microbial feed supplements that beneficially effect the 

host animal by improving its intestinal microbial balance. Feed additive 

antibiotics also impact microbial balance, but not always to the benefit of the 

host. Antibiotics have all the specificity of nuclear bombs whereas probiotics is 

like sending in the microbial marines, fully equipped with all sorts of strategic 



weapons. Probiotics are widely used in Europe where antibiotics have already 

been banned. 

The GIT ecosystem can also be influenced by the feeding of dietary fiber, 

growth response depends on the age of the animal and the nature of the fiber 

being fed. Generally speaking, older animals can degrade larger quantities and 

less soluble fibers than younger pigs. Research has shown that dietary fibers 

may have a beneficial effect on pig growth performance. This has been 

attributed in a decrease in ammonia production. Hemicellulose has been 

demonstrated to interfere with urease so that more urea is eliminated through the 

feces instead of as ammonia in the urine. Ammonia is highly toxic and is 

considered an environmental pollutant. It is Interesting to note that the decrease 

in urease activity has also been attributed to both antibiotics and probiotics. 



CHAPTER II 

PIGS AND DIETARY FIBER 

The association of the descendents of both Sus scrota (European wild pig) 

and Sus vittatus (East Indies pig) with fibrous feeds predates their domestication 

by man some 7000 years ago (Miller and Ullrey, 1987). Fiber played a 

diminishing role in the diet of the pig (Woodman et al., 1932) until the 1970s 

when it fell out of favor altogether, but recent research has shown that fiber still 

has an important place in modern swine production (Ravindram et al., 1984). 

Many factors must be considered to determine which fibrous feed should be 

included. 

History 

Pigs were free-range scavengers (Pond, 1991) before the diet of these 

omnivores was supplemented with human food waste, and they continue to be 

raised using both of these methods in many third-worid countries. The ability to 

utilize both plant and animal matter was often exploited by dairies that sold 

cream. The pigs grazed during the summer and were fed skimmed milk in the 

winter (Woodman et al., 1932). According to Woodman et al. (1932) pigs were 

also run on grain stubble after harvest. References to grazing pigs can be found 

in the literature as recentiy as 1973 (Farrell et al., 1973). Fibrous grains such as 

oats were sometimes fed to pigs when grain prices made selling crops 



uneconomical, which was often the case in the eariy 1930s (Woodman et al., 

1932). 

Fibrous feeds were still included in pigs' diets even after confinement 

production, and ad libitum feeding became fashionable in the 1950s. The swine 

genotypes available during this time were too efficient at storing excess energy 

as fat, a disadvantage when the demand for both lard and overiy fat hogs had 

diminished. By 1958, packers already were paying a premium for "lean" (Merkel 

et al., 1958) and the market value of lard had been reduced due to competition 

for other shortenings. Limit feeding was shown to produce a leaner hog but it 

was time-consuming and labor-intensive. The alternative was to add a 

nonnutritive "filler" that would make the pigs limit their own intake. Fiber was 

often included in the diet for this purpose. 

Fiber was minimized in the diet after the advent of mechanized swine 

production and the need for maximum efficiency. Leaner genotypes, which were 

physiologically younger at the age of slaughter and therefore still growing, 

displaced the need for diet diluents (USEPA, 2004a). Now maximum energy 

intake meant maximum efficiency in a worid where fluctuating hog prices reduced 

the number of swine producers until the only ones left were either very efficient, 

very large or very unusual (USEPA, 2004a, b). 

Although simple economics has been a very efficient selective force up to 

this point, other considerations will influence producer survival in the future. 

Exponential human population growth will mean eventual competition for grains 



currentiy being fed to livestock, grain prices will soar and producers will be forced 

to either turn to nontraditional feedstuffs or go out of business (Varel and Yen, 

1997). Feeding grain also may become uneconomical in times of war (Woodman 

and Evans, 1947). Burgeoning uriDan and suburban centers will continue to 

encroach on land traditionally used for agriculture and air pollution concerns will 

pose new and expensive problems for many producers. Solutions for both of 

these situations can be found in recentiy discarded fibrous feedstuffs. 

The advantages and disadvantages of feeding dietary fiber 

Whatever the reason for the choice to add fiber to swine diets, a 

knowledgeable producer can select from a wide variety of fiber sources to meet 

their particular needs without seriously depressing performance. The 

advantages and disadvantages of feeding fiber have been elucidated over the 

years, with some having more impact on the bottom line than others. The fiber 

choice can be fine-tuned by considering the advantages and disadvantages 

listed below. 

Advantages of Feeding Fiber 

1. Leaner carcasses - As mentioned above, pigs fed fiber have leaner 

carcasses (Becker et al., 1956). Even though bacterial fennentation of 

fibrous feedstuffe yields energy, that energy is less than the amount that 

would be derived ft-om a simple carbohydrate; therefore, fiber is an energy 



diluent. Ademosun (1976), who fed graded levels of brewers dried grains and 

stylo meal to finishing pigs, attributed leaner carcasses to decreased 

digestible energy (DE) intake, which resulted in slower growth. According to 

Kennelly and Aherne (1980), the leaner fiber-fed pigs actually are 

physiologically younger than pigs of the same chronological age fed corn-

soybean meal diets. This means the fiber-fed pigs are at a different point on 

the growth curve, and, consequentiy, they have less fat accretion. This 

conclusion is supported by the fact that several studies that reported leaner 

carcasses when fiber was fed also reported shorter carcass length (Brooks, 

1967; Pond et al., 1981). Leaner carcasses are not always shorter. Troelsen 

and Bell (1962) and Merkel et al. (1958) reported that although the fiber-fed 

pigs had a decreased dressing percent (DP), their carcasses were not 

significantiy shorter. Leanness was attributed to restricted energy intake in 

both experiments. 

2. Improved growth performance with low levels of fiber - Low levels (5% 

or less) of certain types of fiber have been reported to increase average daily 

gain (ADG), while higher levels depressed it (Becker et al., 1956; Coriey et 

al., 1978). In his dissertation, Fahey (1976) found that hemicellulose 

interferes with the enzyme urease, which is involved with urinary N excretion. 

Instead of being excreted as ammonia, the excess N is redirected to the large 

intestine where Coriey at al. (1978) hypothesized that it is utilized for bacterial 

growth. A greater number of bacteria would be able to ferment more fiber, 



which would lead to the generation of greater quantities of volatile fatty acids 

(VFA), and that, in turn, would Increase ADG. Energy dilution at higher fiber 

inclusion levels may mask the benefit derived from the additional N. 

3. Reduction of ammonia emissions from waste - Fahey's (1976) 

hypothesis was corroborated by Canh et al. (1998) and Zervas and Zijistra 

(2002a, b) when the authors reported that certain types of fiber were shown to 

reduce ammonia emission, an air pollutant, from pig slurry, which is a 

combination of manure and urine. Varel et al. (1984) also found that 35% 

dehydrated alfalfa meal added to the diet of sows reduced ammonia 

emissions. More readily fermentable fiber sources, such as sugar beet pulp, 

were more effective for reducing ammonia emissions. 

4. Lower environmental temperatures - Pigs fed fiber can be kept at a 

lower environmental temperature (Jorgensen et al., 1996). Stahly and 

Cromwell (1986) fed alfalfa meal to pigs in cool, thermal neutî al, and warm 

environments. The depression on growth and feed efficiency was less for 

pigs kept in the cool environment. Bacterial fermentation is an exothermic 

process and one of the reasons it is less efficient than enzymatic digestion of 

simple carbohydrates. 

5. Possible reduction in stomach ulcers - which may be related to the 

soluble fiber in the diet (Varel and Yen, 1997). Soluble fiber leads to less acid 

secretion In the stomach of pigs. 



6. Restriction of the colonization of pathogens (Varel and Yen, 1997). 

Lactic acid bacteria, which are responsible for the degradation of fiber, tend to 

lower the pH of the gastrointestinal tract (GIT) and make It inhospitable for 

many opportunistic organisms, including some pathogens. This aspect will be 

discussed further In the next chapter under probiotics. 

7. Improved reproductive performance (Varel and Yen, 1997) - Pigs on 

high fiber diets have improved reproductive performance because, 

a. Less energy spent in stereotypical behaviors during gestation, 

b. Higher milk fat may increase piglet survival and growth, 

c. Lower Intake/kg BW, slower transit time through the gastrointestinal 

tract, higher fiber digestibility coefficients and greater intestinal 

volume in sows favors fibrous feeds, and 

d. Increase In the number of pigs born and weaned when sows were 

fed wheat straw. 

Disadvantages of Feeding Fiber 

1. Increased maintenance requirement - due to organ hypertrophy, 

particulariy of the large intestine (Kass et al., 1980; Anugwa et al., 1989; Pond 

et al., 1989). There Is some controversy in the literature over whether pigs 

adapt to increased fiber intake. Kass et al. (1980) demonstrated organ 

hypertrophy but failed to see any adaptation. This is conti-adlcted by Varel et 

al. (1984). The authors reported that pigs did adapt because the numbers of 



cellulolytic bacteria increased with a 35% alfalfa meal diet. Varel and Yen 

(1997) found that reproductive-age swine had 6.7 times the number of 

cellulolytic bacteria found in younger pigs. Not only did it appear the pig 

adapted to an increased level of fiber by physically increasing the size of the 

organs involved in fermentation but also by Increasing the numbers of 

cellulolytic bacteria within those organs. 

2. Decreased protein efficiency - A study of intestinal cell morphology and 

proliferation has shown that pigs fed diets that contained 10% wheat straw 

had a higher rate of cellular turnover and cell death (Jin et al., 1994); thus 

decreasing protein efficiency and retention. 

3. Decreased dressing percentage - Lowered dressing percentage (DP) 

with fiber feeding is a carcass characteristic that is consistentiy reported in the 

literature (Bohman et al., 1953; Coey and Robinson, 1954; Becker et al., 

1956; Hochstetler et al., 1959; Cunningham et al., 1961; Kennelly and 

Aherne, 1980; Knowles et al., 1998). The decrease in DP appears to be 

directiy related to the organ hypertrophy mentioned above. Decreased DP 

also may be related to energy Intake. Bowland et al. (1970) found that DP 

was not significantly different if digestible energy (DE) remained constant, 

and, Troelsen and Bell (1962) found that pigs fed high bulk diets had lower 

DP and were leaner, but the differences disappeared when adjusted for daily 

energy intake. The hypothesis that a decreased DP Is related to DE intake is 

supported by Brooks et al. (1967) who found that fatter hogs dressed 



consistently higher than lean ones and Kennelly and Aherne (1980) who 

found that when backfat (BF) was adjusted to the lower carcass weight, It was 

no longer significantly different than the control. Bohman et al. (1953) found 

no significant difference In DP In pigs receiving diets containing up to 50% 

alfalfa, although an enlargement of the stomach and Intestines was noted. 

Ademosun, 1976 found a slight but non-significant depression In DP with 

increasing levels of brewers dried grains and stylo meal, no decrease In 

length or loin-eye area (LEA) but a significant decrease In BF and % lean. 

Danielson et al. (1969) found both BF and DP decreased with increasing 

levels of dehydrated alfalfa meal. Varel and coworkers (1984) found smaller 

LEA and lighter carcasses with 35% alfalfa meal. Greater shrink during the 

24-h fast prior to slaughter was also a consequence of lowered DP (Becker et 

al., 1956). 

4. Carcass fat more unsaturated - Carcass fat of fiber-fed pigs has a 

higher iodine number and increased risk of oxidation and decreased shelf-life 

(Merkel et al., 1958). 

5. Lignin may lower protein and amino acid digestibilities by adsorising 

amino acids and preventing them from being absorbed (Mitaru et al., 1984). 

Pectin may also trap amino acids in Its gel-matrix and prevent them from 

being enzymatically digested or absorbed (Mitaru et al., 1984). Endogenous 

protein losses may increase due to increased sloughing of the intestinal lining 

with fiber feeding (Mitaru et al., 1984); however, Schultze et al. (1994) and 
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Schultze et al. (1995) used an isotope that allowed them to differentiate 

between endogenous and exogenous (dietary) N and showed that 

endogenous protein passing the terminal ileum did not Increase after the 

addition of three neutral detergent fiber (NDF) sources. Fiber has also been 

repeatedly shown to decrease fecal N retention, but when Sauer et al. (1991) 

used a special marker to differentiate bacterial and dietary N, they found that 

the decrease In amino acid digestibility is actually the result of increased 

bacterial protein synthesis. Schultze et al. (1994) and Schultze et al. (1995) 

hypothesized that endogenous N losses came from pancreatic juice, bile, 

mucus and sloughed epithelial cells. 

6. Fat absorption - Human studies have shown that soluble fiber may 

interfere with fat absorption (Vahouny and Cassidy, 1985). Although this Is a 

disadvantage for swine producers, it could also be considered an advantage 

for human nutrition. Insoluble fiber did not appear to interfere with fat 

absorption In swine diets containing 40% oats (Myer and Combs, 1991). 

Putting it all together 

Fiber is actually a generic term for an extensive category of feedstuffe that Is 

generally divided into two categories; soluble and insoluble. Soluble fibers such 

as sugar beet pulp and pectin have been successfully used In the nursery phase 

(Graham et al., 1986; Fernandez and Jorgensen, 1986; Robertson et al., 1987; 

Canh et al., 1998; Gueye et al., 2003) while Increasingly llgnlfied, less soluble 
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ibers such as dehydrated alfalfa meal, wheat bran, grass hays, seed hulls, and 

corn cobs are more suitable for growing/finishing (Teague and Hanson, 1954; 

Sewell et al., 1957; Kornegay, 1978; Stanoglas and Pierce, 1985; Sauer et al., 

1991; Varel and Yen, 1997) and for reproductive age pigs (Baker et al., 1974; 

Danielson and Noonan, 1975; Pollmann et al., 1979; Calvert et al., 1985; Pond et 

al., 1985; Mroz et al., 1986; Matte et al., 1994; Brouns et al., 1997; Varel and 

Yen, 1997). If the chosen fiber is added as simple dilution, the amount can be 

gradually increased from 5% for nursery and grower pigs to 15-20% for finishing 

pigs and as much as 95% for sows and boars (Pond et al., 1985) without 

significantiy decreasing performance. The concomitant decrease in pig feed 

efficiency can be avoided by adding fat (Baird et al., 1970; Coriey et al., 1978; 

Kennelly and Aherne, 1980; . Fiber has been shown to reduce ammonia 

emissions even with isocaloric diets (Zervas and Zijistra, 2002). 

Conclusions 

Improvements In genetics and engineering may not be able to meet all the 

new demands placed on the swine industry. Producers will also require 

resourcefulness to remain competitive. Pond (1991) claimed the historic 

association between man and pig Is based on the pig's plasticity, its ability to 

adapt to different environments and the changing needs and desires of humans. 

The swine Industry must prove itself as adaptable if It is to survive. Sometimes 

the answers to new problems can be found in old solutions, and fiber Is as old as 
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they come. When just the past century is considered, the com-soybean meal 

diet is only a recent innovation. The decision to include fibrous feedstuffs in 

swine diets does not have to mean diminished profits. A savvy producer can 

custom-fit fiber-type and quantity to target age groups to minimize the 

disadvantages and maximize the benefits. 
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CHAPTER III 

ANTIBIOTICS VS. PROBIOTICS 

Introduction 

The microbial ecology of the gastrointestinal tract (GIT) is complex and 

interconnected (Tannock, 1983; Vanbelle et al., 1990). It is composed of 

approximately 400 species of organisms (Famularo et al., 1997; Fooks et al., 

1999; Tannock, 1999), including bacteria, protozoa, fungi and yeast. In normal 

healthy animals, this ecosystem is said to be 'robust' (Chesson, 1993), that is, it 

can rebuff incursions by both beneficial as well as pathogenic organisms. 

However, when animals experience stress (environmental, nutritional or 

emotional), changes occur in the GIT that allow pathogens to colonize (Tannock, 

1983). Various methods, which include feeding antibiotics and/or probiotics, are 

available to prevent or ameliorate the effects of this proliferation. This chapter 

includes a brief introduction to the microbial ecosystem present in the GIT and a 

discussion of the modes of action and the advantages and disadvantages 

engendered by these two methods of growth promotion. 

An Introduction to gastrointestinal ecology 

The GIT flora of healthy livestock Is dominated by strict anaerobic bacteria 

(more than 90% of the total are either Gram positive Lactobacillus sp. and Gram 

negative Bacteroidae) with much smaller numbers of the remaining 400 or so 
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species, many of which have yet to be identified (Vanbelle et al., 1990). Table 

3.1 lists several of the common bacteria found in the GIT of pigs. 

The indigenous flora serves several important functions as listed and 

described by Vanbelle et al. (1990): 

1. Production of metabolites by fermenting the feed substrates (especially 

in the hind gut) into gases (CO2 and CH4), volatile fatty acids (VFA), and 

amines; synthesis of vitamins (Vitamins B and K) 

2. Retoxification of some substances detoxified by the liver 

3. Toxification of some undigested feed components 

4. Induction of anatomic and physiological changes in the intestinal cell 

wall structures - in germ-free animals, the intestinal brush border cells are 

thinner than In conventional animals, especially the muscular layer is 

considerably enlarged in conventional animals so that the volume of the 

caecum is reduced sometimes to as much as one tenth. Mucous 

formation and transit times are increased in the presence of the microflora. 

The renewal of the brush border cells is about twofold higher in the 

presence of the gut bacteria. 

5. Reduction of water metabolism 

6. Immunological modifications in the gut - gut microflora stimulate 

intestinal Immunoglobulin production 

7. Animal resistance against enteropathogenic bacteria - French 

microecologlsts call this the 'barrier effect', others refer to It as 
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"colonization resistance', or 'competitive exclusion'. This protection occurs 

before the efficient establishment of the immune system, and acts 

whatever the extent of the potential pathogenic innoculant may be. 

Famularo et al. (1997) divides the microbial species that inhabit the GIT 

into two main groups: the lumenal flora and the mucosal flora. "The composition 

of the luminal flora is mainly determined by the nutrients available and the effects 

of antimicrobial substances, whereas the composition of the mucosal flora is 

mainly determined by the host's expression of specific adhesion sites on the 

enterocyte membrane, the rate of mucus production, the production of secretory 

immune globulin (Ig) and the extrusion of cellular material from the membrane 

into the mucus" (Famularo et al., 1997). Freter, (1992) described three distinct 

microhabitats within the GIT mucosa: 

1. Surface of the epithelial cells - a number of indigenous and pathogenic 

bacteria colonize this site. A common feature is the specificity of these 

adhesive reactions, often mediated by special organelles, such as a fimbrae. 

2. Deep layer of the mucus gel of the crypts of the ileum, cecum and 

colon - typically, the organisms colonizing these sites are motile, spiral-

shaped bacteria of the genera Borrelia, Treponema, Spirillum and others. 

Some of these may be attached to the underiying epithelial cells, whereas 

others appear to reside free in the mucus gel. 
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3. Mucus gel that overlays the epithelium of the entire GIT - It 

contributes both to colonization by indigenous microflora and to the 

pathogenesis of enteric infection. 

The numbers of indigenous species in the healthy GIT appear to be 

controlled by competition for limiting nutrients, the presence of various metabolic 

inhibitors produced by the main group of anaerobic strains and adhesion to the 

mucosa (Vanbelle et al., 1990). The question of adhesion and whether or not it 

is a prerequisite for colonization, has been discussed by several authors. It has 

been concluded that adhesion is not required for colonization, or even assures 

that it will occur once adhesion is achieved (Freter, 1992; Vanbelle et al., 1990). 

In a healthy animal, every ecological niche is filled and every available nutrient is 

accounted for. As mentioned eariier, when an animal is stressed, whether 

environmental, nutritional or emotional, physiological changes occur in the GIT 

that allow the adherence and proliferation of pathogens, many of which are 

usually present only in small numbers. 

Because stress is an inevitable aspect of livestock production, feed 

additives are included In the diet to protect the animal. The most popular method 

of protection in the United States is the prophylactic feeding of subtherapeutic 

levels of antibiotics, but there are concerns about potential health hazards to both 

humans and livestock (Parker, 1974; Jonsson and Conway, 1992; Gueye et al., 

2003). These concerns have prompted a search for alternatives to the use of 

feed-additive antibiotics, which have already been banned in Europe. Probiotics 
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are an alternative that shows promise and are already being used successfully 

by countries of the European Economic Community (EEC). The remainder of 

this chapter will be devoted to a discussion of antibiotics and probiotics, including 

a brief history, modes of action, and advantages and disadvantages of each. 

Antibiotics 

In 1946, Moore and co-workers (as reported by Wallace, 1970) 

demonstrated that chicks fed a purified diet supplemented with streptomycin 

grew more rapidly than chicks fed a control diet. The practical implications of 

antibiotic feeding didn't become evident until 1949 when Stokstad and co

workers discovered the growth-promoting potential of spent chlortetracycline 

mash (Wallace, 1970). Most antibiotics used as feed supplements are the 

products of microbial fermentation, including (originating organism in 

parenthesis): penicillin {Penicillium chrysogenum; Sutheriand et al., 2003). 

aureomycin {Streptomyces aureofaciens; Catron et al., 1951), bambermyclns 

(formed by a group of gray-green Streptomyces; Hagsten et al., 1978), 

erythromycin {Streptomyces eryttireus; Sutheriand et al., 2003), streptomycin 

{Streptomyces grieseus; Stokstad, 1954; Sutheriand etal., 2003), neomycin 

{Streptomyces fradiae; Sutheriand et al., 2003), tetracycline {Streptomyces 

rimosus; Sutheriand et al., 2003), bacitracin {Bacillus subtilis; Sutheriand et al., 

2003), and virginiamycin {Streptomyces virginiae; Pelura et al., 1980). Bacteria 

have evolved mechanisms. Including the secretion of toxic substances, that allow 
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them to compete with other bacteria, many natural antibiotics are just 

concentrations of these secretions. These substances are toxic to other bacteria 

because they interfere with cell membrane or protein synthesis (Sutheriand et al., 

2003). 

From 1950 to 1954, research with natural antibiotics produced remarkable 

results with using very small quantities (as little as 8 to 15 ppm; Sieburth et al., 

1951; Pen7 and Beeson, 1952) but new strategies and antibiotics had to be 

developed to maintain the response. According to Jukes (1971) in a review 

paper on antibiotic history and modes of action, this decrease in response was 

due to a corresponding decrease in Infectious disease in the environment and a 

general improvement in the health of control animals. Meniere et al. (1973) found 

that their data from many experiments done with tylosin on both commercial and 

experimental farms supported "the hypothesis that Improvements in rate and 

efficiency of gain due to an antibiotic are inversely related to the relative level of 

performance of non-treated swine." 

The next phase in antibiotic development occurred during the years 1955 

through 1958 when the level of antibiotics added to feed was increased (50 to 

200 ppm). Antibiotic development entered a third phase after 1958 when new, 

often-synthetic antibiotics were Introduced and two or more antibiotics were 

combined In a single feed supplement. Several authors, in reference to the 

potential for livestock to develop antibiotic resistance, have stated that animal 

response has not diminished (Jukes, 1971; Finland, 1975; Kister, 1976; Visek, 
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1978; Braude, 1978); however, this does not take into account the strategies and 

increased level of antibiotics that have been employed to maintain it 

In an extensive review of feed antibiotics, Stokstad (1954) states that pigs 

have the greatest response to feed supplemented with antibiotics, although it is 

quite variable (from 0 to over 100% where there was "no evidence of fi-ank 

Infection," this however, does not preclude subclinical, or unobservable infection. 

Response to feed-additive antibiotics depends on several conditions: 

1. Health or disease status - antibiotics have been shown to have a greater 

effect when the animal is a "poor-doer" or runt (Speer et al., 1950; Braude 

et al., 1953; Stokstad, 1954; Beeson and Conrad, 1955; Wallace, 1970). 

"The improved rate and efficiency of gain and reduced mortality and 

morbidity among pigs fed antibiotic-supplemented diets has been 

attributed largely to a suppression or control of clinical or subclinical 

infections within the animal." (Stahly et al., 1980). 

2. Environment - similariy, antibiotics promote a greater response when the 

animal's environment is riddled with disease and/or is unsanitary 

(Bowland, 1955; Conrad and Beeson, 1960; Griffin et al., 1961; Wachholz 

and Heidenreich, 1970; Visek, 1978). Speer and co-workers (1950) 

reported "The failure of aureomycin to improve gains or feed efficiency 

might be explained by the disease level theory. Healthy, previously well-

fed pigs, managed under relatively disease-free conditions may not 

respond to aureomycin feeding as would unthrifty pigs fed in unsanitary 
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surroundings." Antibiotics have been shown to have a greater effect in 

pigs raised in older, contaminated buildings as compared to pigs in new 

buildings (Bowland, 1955). Conrad and Beeson (1960) fed 

chlortetracycline or oxytetracycline to pigs on concrete or on pasture, 

when average daily gain was evaluated, the pigs on pasture did not 

respond as strongly as the pigs on concrete (an increase of 2.7 to 8.0% 

vs. 6.6 to 11.8% for the pigs on pasture and concrete, respectively) and 

there were no significant differences between the control and ti^eated pigs. 

Wachholz and Heidenrich (1970) fed tylosin to pigs in two environments: a 

new environmentally controlled indoor facility and an earthen outdoor lot. 

A greater response to the antibiotic was elicited in the outdoor lot, but only 

average daily gain (ADG) in the starter phase was significantiy improved. 

Sulfamehazlne was also added at this phase. Chicks raised in isolation 

(germ-free) did not respond to penicillin (Coates et al., 1955). 

3. Age - Younger animals respond to subclinical levels of antibiotics to a 

greater degree than do animals closer to maturity (Edmons et al., 1985), 

this is probably a reflection of the next condition. Griffin et al. (1961) fed 

thiofuradene, virginiamycin, tylosin, aureomycin and bacitracin to weanling 

pigs weighing 20 to 91 kg In concrete pens. They reported that only the 

pigs fed virginiamycin had an ADG, but not feed efficiency, that was 

statistically greater than the control and only for the 20 - 45 kg period and 

that overall, there were no differences among the treatments and the 
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control. "It should be recognized that improved eariy performance is 

closely allied to increased survival rates and overall economy of 

production, and therefore is extremely important." (Wallace, 1970). The 

reduced response of older animals to antibiotics as compared to the same 

animals at an earlier stage has been explained by improved health status 

(Conrad and Beeson, 1960). This sentiment was echoed by Braude et al. 

(1962) who theorized that the failure to observe improvements in the rate 

of gain and feed efficiency of pigs fed antibiotics might be explained by the 

fact that the performance and general health of the control pigs was very 

good. In a review paper. Hays and Muir (1979) reported that the response 

to antibiotic feeding steadily decreases as the rate of gain of the control 

pigs increases. The decrease in response may also indicate maturation 

and increased stability of the GIT microflora (Fuller, 1999). 

4. Stress level - animals may experience many types of stress: emotional 

(being weaned or moved to a new social group), nutritional (changing from 

a milk- to a corn-based diet, malnutrition or starvation); environmental 

(heat and cold); vaccinations, transport and crowding. A newly weaned 

pig experiences many of these stresses and they are reflected in the 

animal's growth performance. Studies have shown that such stresses can 

shift the microbial flora in the GIT and allow the proliferation of pathogens 

(Monson etal., 1959; Jukes, 1971). 
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Modes of action 

Wallace (1970) stated that "Additives which improve livestock 

performance have at least one characteristic in common: they suppress or inhibit 

the growth of microorganisms." Eariy research with feed-additive antibiotics 

revealed that there was a shift in the microbial populations that inhabit the GIT, 

but this shift was not consistent, either between antibiotics, experiment stations 

or even among experiments done with the same antibiotic at the same station 

(March and Biely, 1952; Sieburth et al., 1951; Branion et al., 1953). Many 

authors reported that gram-positive bacteria seemed to be most affected (Eyssen 

and DeSomer, 1963; Hagsten etal., 1978; O'Conneretal., 1979; Parker, 1990). 

Several studies have tried to enumerate the impact of various antibiotics on 

groups of enteric organisms, including colifonns and lactobacilli. Branion et al. 

(1953), Guzman-Garcia et al., (1953), Wallace (1970), FDA (1972), and 

Cromwell et al. (1976) reported that diets containing antibiotics tended to 

increase the number of conforms. On the other hand, March and Biely (1952), 

Sieburth et al. (1951) and Moore (as referenced by Stokstad, 1954) found that 

antibiotics decreased the number of conforms. Colifonns, Including Escherichia 

coli, are normal inhabitants of the GIT. Since certain strains of E. coli have been 

shown to cause disease by secretion of endotoxins or invasion of tissue (March. 

1979), it is doubtful the Increase in conforms is directiy related to the growth 

improvement reported by Guzman-Garcia et al. (1953), Wallace (1970) and FDA 
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(1972). Elam (1951a) found no change in coliform numbers when chicks were 

fed penicillin. 

Lactobacilli also failed to respond consistently to antibiotics, Wallace 

(1970) and FDA (1972) reported a decline wheras Stokstad (1954) and 

Hawbaker et al. (1961) reported an increase in the numbers of lactobacilli after 

the feeding of antibiotics; March and Biely (1952) found an increase in lactobacilli 

numbers In one experiment than a decrease when the level of aureomycin was 

increased; Guzman-Garcia et al. (1953) found no change In numbers of 

lactobacilli when rats were fed penicillin. Inconsistency of response has also 

been reported for yeast counts (Stokstad, 1954; Hawbaker et al., 1961; Wallace, 

1970; Elam, 1951b). March (1979) relates poultry research that has 

demonstrated the presence of a layer of lactobacilli adhered to the wall of the 

crop from a few hours after the chick begins to feed all the way into adulthood. 

The author speculates that this layer protects the host from pathogenic bacteria 

(which have also been shown to be more virulent if they adhere) until the digesta 

reaches the lower pH of the proventriculus and gizzard. Lactobacilli have also 

been shown to adhere to the squamous epithelium of the rat stomach. It should 

be noted that both lactobacilli and yeasts are often components of probiotics, 

which will be discussed in the next section. 

It is important to stress that antibiotics do not sterilize the gut (Rosenberg 

et al., 1952), total numbers of microorganisms may decline for the first few days 

after onset of antibiotic feeding, but the surviving organisms quickly replace those 
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that were sensitive to antibiotics. That said, it was discovered that animals fed 

subtherapeutic levels of antibiotics share characteristics of animals raised in a 

germ-free environment. So-called germ-free' or gnotobiotic animals do not 

possess the usual microflora that inhabit the GIT. 

One of the most obvious similarities between germ-free and antibiotic-fed 

animals is the weight of the small intestine. Coates et al. (1955) observed that 

penicillin, arsanilic acid and sometimes chloramphenicol reduced the weight, but 

not the length of the chick small intestine. The authors theorized that there was 

some unidentified and unobservable 'infection' that was causing the thickening of 

the gut, mainly to prevent absorption of toxic bacterial products. Other 

researchers (Braude et al., 1955; Taylor and Harrington, 1955; Gordon and 

Bruckner-Kardoss, 1961; Jukes, 1971; March, 1979; Yen etal., 1985; Chesson, 

1993) also observed the difference in weight and/or thickness of the small 

intestine and attributed the growth improvement associated with antibiotics to 

increased nutrient absorption due to the thinner gut wall. Jukes (1971) laid out 

the facts that led to now accepted rational for antibiotic response: 

1. "Germ-free animals have small intestines that are 33 - 50% lighter than 

contaminated controls 

2. The walls of the small Intestine in germ-free chicks were thinner and it 

was shorter than in controls [the small intestine is not always shorter] 

3. The walls of the small intestine in antibiotic-fed chicks were also thinner 

than the controls. This was later shown to be true in pigs 
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4. The numbers of Clostridium perfringens and other toxic and in-itating 

bacteria, decreased with the feeding of certain antibiotics. (This is 

supported by Coates et al. (1955) who suggests that the thickening of the 

gut wall in conventional animals may be a defense mechanism against 

bacterial toxins and other deleterious substances]. Antibiotics improve 

growth performance by decreasing the numbers of bacteria that irritate the 

walls of the small intestine." Catron et al. (1951) hypothesized tiiat 

irritation could cause thickening of the gut. The thinner small intestinal 

lining also means a reduced metabolic rate (Yen et al., 1985) and more 

dietary energy and nutrients used for growth as opposed to tissue 

maintenance. Visek (1978) reported "Because the microbial population is 

affected by both fiber and antibiotic, and because it can affect metabolic 

rates at the animal level, a change In the microbial population is most 

likely responsible for the depressed metabolic rate, due either to changes 

in the species or metabolism of the microbes present." 

One source of GIT irritation is ammonia. "The potentially toxic effects on 

mucosal cell metabolism of ammonia and amines produced as a result of amino 

acid degradation by endogenous flora have been Identified by Visek (1978) as a 

cause of increased tissue mass in conventional animals." (Parker, 1990) Urea in 

the GIT is split into two ammonia molecules by urease, an enzyme secreted by 

both mammals and bacteria. It was shown In the last chapter that fiber, 

specifically hemicellulose, interferes with urease and reduces ammonia 
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emissions. Visek (1978) suggested that part of the antibiotic response resulted 

from a reduction in bacterial ammonia production, he reported an experiment that 

demonstrated decreased urea hydrolysis in the GIT of rats fed antibacterial 

agents used for growth stimulation. The author reported that total N excretion 

was significantiy decreased with the dietary addition of fiber and antibiotics 

(Visek, 1978). Yen and Pond (1990) stated "...that carbadox suppresses the 

production of cell-toxic ammonia by intestinal microorganisms and thus, reduces 

the injury and turnover of intestinal cells." This effect lowers the maintenance 

requirement of the intestine, and allows a greater portion of ingested nutrients to 

be absorbed and utilized for body grov\rth. March (1979) also reported decreased 

cell turnover. 

It has also been proposed that antibiotics reduce bacterial destruction of 

proteins in the gut (Jukes, 1971). Improved protein absorption and utilization 

may be responsible for another characteristic of antibiotic-fed animals: reduced 

protein requirement. Soon after the introduction of feed-additive antibiotics, it 

was discovered that both pigs and chicks fed a diet that was deficient In protein 

and supplemented with an antibiotic performed as well as control animals 

(Catron et al., 1952; Hoefer etal., 1952; Monson etal., 1959; Wallace, 1970). 

Reduced protein requirement is part of a theory that was developed to explain 

antibiotic response generally referred to as 'nutrient sparing'. Jensen et al. 

(1955) conducted two experiments with various protein levels and two antibiotics 

(aureomycin and ten-amycin) fed to swine on concrete drylot and reported that 
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results between the two experiments were inconsistent and differences were not 

always significant. 

Other nutrients that have been reported as being spared by the addition of 

antibiotics include vitamins and minerals (Guggenheim et al., 1953; Sauberiich, 

1952), although experiments to relieve a vitamin or mineral deficiency with an 

antibiotic were not always successful. Pepper et al. (1953) looked at niacin and 

manganese deficiencies and aureomycin in chicks (both of these nutrients are 

involved with perosis) and Melliere (1975) tried to relieve various vitamin and 

mineral deficiencies with tylosin. Stokstad and Jukes (1951) used vitamin B12 

deficient chicks to evaluate aureomycin and found that it did not always exert a 

sparing effect. Sulfamethazine didn't appear to aid B12 deficient chicks (Stokstad 

and Jukes, 1951). 

A number of more recent studies have reported an improvement in 

immunological status with feed-additive antibiotics, including changes in the 

amount of IgA in the serum, intestinal secretions and intestinal mucosal 

homogenates (March, 1979; Hathaway et al., 1996) that can be related to 

reduced irritation by potentially pathogenic bacteria and/or their secretions. 

Harmon et al. (1973) demonstrated a significant immunological response with the 

addition of three different antibiotics (cycloserine, neomycin and zinc bacitracin) 

to a basal diet, but did not show any differences in ADG in young pigs. Very 

young pigs are still under tiie influence of antibodies received via colostrum, but 
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once that effect wears off, their immune systems respond to antibiotics. The 

authors theorized that this is what happens prior to improvements in weight gain. 

Antibiotic resistance 

Antibiotic resistance, or the ability of bacteria to survive treatment (both 

therapeutic and subtherapeutic) with antibiotics, is an emotionally-charged issue. 

Resistance to antibiotics in animal feeds was reported in E. coli as far back as 

1951, when Elam et al. (1951a) reported "Under the conditions of the experiment 

reported herein the feeding of penicillin increased the penicillin- and aureomycin-

resistant organisms and Increased the yeast count." The controversy came to 

life after it was discovered in the 1960's that bacteria can transfer their resistance 

to other bacteria (known as episomal transfer of R-factors; Braude, 1978), it was 

feared that resistance could be transferred to bacteria that inhabit humans, and 

in particular, to human pathogens. This controversy continues today, despite 

stricter FDA-imposed regulations on antibiotic use during the 1970's (Jukes, 

1971, Kister, 1976; Braude, 1978). 

Antibiotic resistance can arise spontaneously (Levy, 1998) or it can be 

acquired from another bacterium. Levy (1998) suggested that "the exchange of 

genes is so pervasive, the entire bacterial worid can be thought of as one huge 

multicellular organism in which the cells interchange their genes with ease." He 

also states that bacterial resistance is dependent on the prevalence of resistant 

genes and the extent of antibiotic use. Many resistant bacteria are resistant to 
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more than one antibiotic. Statement of facts regarding antibiotic resistance 

(Kister, 1976): 

1. "The use of antibiotics, especially in subtherapeutic amounts, favors 

the selection of R-factor-bearing bacteria. 

2. Animals which have received either subtherapeutic and/or therapeutic 

levels of antibiotics in feed may serve as a reservoir of antibiotic-resistant 

pathogens. These reservoirs of pathogens can produce human disease. 

3. The prevalence of multiresistant R-factor-bearing bacteria in animals 

has increased and has been related to the use of antibiotics. 

4. Organisms resistant to antibacterial agents have been found on meat 

and meat products. 

There has been an Increase In the prevalence of antibiotic-resistant bacteria 

in man." 

The promotion of antibiotic resistance is not limited to feed-additives, any 

use of antibiotics seems to encourage the production and transfer of R-factors, 

including therapeutic use in both man and animals (Finland, 1975). The human 

use, and misuse, of antibiotics amplifies the transfer of R-factors, especially 

when therapeutic antibiotics are not used as prescribed. 

One of the reasons that antibiotic resistance hasn't completely obliterated 

the antibiotic response is that "It has also been shown by several laboratories 

that transfer [of R-factors] in vivo does not occur readily and requires energy to 

maintain, so much so that bacteria have been shown to lose their resistance 
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once the evolutionary pressure to maintain it has been removed." (Jukes, 1971) 

and Finland (1975) states "When such a [R-factor] transfer occurs, the recipients 

are usually rough avirulent organisms with immunogenic properties and the rare 

class of recipient that has received R-factors, but has not lost its virulence seems 

to be at a competitive disadvantage with his drug-resistant parent." This is 

supported by the fact that there is a decrease in the virulence of Salmonella in 

the presence of R-factors and that this decrease is accompanied by a slower 

growth rate (Jukes, 1971). 

The key issue to the controversy can be summed up In a phrase used in 

several papers that were published in the 1970's: "risk vs. benefit" (Jukes, 1971; 

Finland. 1975; Guest 1976; Braude, 1978), or, how much risk Is acceptable In 

order to procure our food. This is succinctiy stated in the following quote: "A man 

who is well-fed will be quite finicky about risks." (Jukes, 1971). In general, 

Americans are as well-fed as they come, considering the fact that obesity has 

now reached epidemic proportions (USPHS, 2000). A consumer might consider 

one death too high a risk when that death is of a loved one, while a livestock 

producer may be more flexible. American livestock production has recentiy come 

under government scrutiny for the occurrence of such food-borne pathogens as 

E CO//(especially strain 0157:H7; USDHHS, 2003) and BSE (bovine spongiform 

encephalopathy; FDA, 2003). 

Gilliam and Martin (1975) have calculated that banning antibiotics would 

decrease producers' profits and increase meat prices and reported that "In the 
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event the adjustment by producers to a ban on antibiotic feed additives Involved 

no changes from pre-ban levels in numbers of animals placed on feed nor in 

average feeding period lengths, total annual consumer expenditures for beef, 

veal and pork would increase by $2,134.5 million. This would amount to an 

Increase of $10.26 per capita." A more recent study reported in FASS Track 

(Hayes and Jensen, 2003) reported that an antibiotic ban would increase costs 

by approximately $4.50 per animal in the first year with a total cost in excess of 

$700 million if spread over 10 years. It was not stated whether alternatives such 

as probiotics would be used instead. Meat prices have fluctuated for unrelated 

causes, some might argue that one human life is worth more than $10.26 per 

capita or the 2003 equivalent. The public unease with the products of so-called 

factory farms, and the persistence of food-bome pathogens has boosted interest 

and support for organic and other so-called 'natural' meat production (Collin, 

2003). Recentiy, the FDA has granted that meat from livestock that meet strict 

standards can be officially labeled and sold as 'organic' (Collin, 2003). 

Probiotics 

An alternative to the feeding of subtherapeutic levels of antibiotics is the 

inclusion of a probiotic. The probiotic concept actually predates the discovery of 

antibiotics. It was first presented by Metchnikoff in 1907 in a theory involving the 

consumption of yogurt and longevity (Cole and Fuller, 1984). The word 

'probiotic' was first used by Parker in 1974 to indicate actions of microorganisms 
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that were the opposite of antibiotics. It was further refined by Fuller (1989) to its 

currentiy accepted form: a live microbial feed supplement which beneficially 

effects the host animal by improving its microbial balance 

Stress 

Stress has been shown to change physiological conditions within the GIT, 

such as a reduction is mucus secretion (Tannock, 1983), that allow vacancies in 

niches ordinarily filled by indigenous bacteria, these vacancies may then be 

occupied by pathogens and other opportunistic organisms. As with many feed-

additive antibiotics, probiotic organisms are fed prophylactically, but Instead of 

killing segments of the GIT population, they compete with potential pathogens for 

these vacancies and/or nutiients. Many probiotic organisms are at home in the 

intestinal environment and are therefore able to compete successfully. It is 

Interesting to note that many of the flora population shifts that occur with 

antibiotics are also observed in animals experiencing stress (Tannock, 1983). 

Selection of probiotic organisms 

Several authors have listed qualities that would be desirable for selection 

of a probiotic organism: 

1. Strains should be of gut origin or able to tolerate conditions encountered in 

the digestive tract, including lytic enzymes in saliva, low pH in the stomach 
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(pH 1.8 to 3.2 for more than a few hours), rapid transit time in the small 

intestine, and presence of bile (Vanbelle et al., 1990) 

2. Strains should be nonpathogenic and nontoxic (Fuller, 1989) 

3. Strains should have strong adherent qualities independent of metabolic 

activity or viability. Adherence and/or rapid growth (SIssons, 1989) 

4. Strains should have a capacity to rapidly revitalize under gut conditions 

after drying (SIssons, 1989; Jonsson and Conway, 1992) 

5. Strains should be capable of the production of compounds antagonistic to 

pathogens, including lactic acid to decrease pH and antibiotics or 

antibiotic-like substances (Fuller, 1989; SIssons, 1989; Vanbelle et al., 

1990) 

6. Strains should have a capacity to stimulate the cell-mediated immune 

response.(Vanbelleetal., 1990) 

7. If the strains do not adhere or colonize the mucus then they have to be 

able to reproduce quickly so as to avoid being flushed out of the GIT by 

peristalsis. (Fuller, 1989; Vanbelle et al., 1990) 

8. Strains should have the ability to resist antibacterial substances in the 

GIT. (Fuller, 1989) 

9. Should be stable and capable of remaining viable for long periods under 

storage and field conditions (Fuller, 1989) 

10. Strains should have the ability to multiply in tiie proximal or distal regions 

of the alimentary tract (Sissons, 1989) 
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11. Viable counts of 10^ to 10^^/g (Sissons, 1989; Vanbelle et al., 1990) -

technological resistance and stability to temperature during pelleting, 

spraying, etc. is important (Vanbelle et al., 1990) 

12. Selection of indigenous strains resistant against acidity, bile salts, 

digestive enzymes and antibiotics (Vanbelle et al., 1990) 

13. Ability to be cultured, concentrated, lyophilized (Vambelle et al., 1990) 

14. Viability and high stability under different technological conditions in order 

to assure zootechnical performances at least equal to those obtained with 

antibiotics without any injury for men, animal and the environment 

(Vanbelle etal., 1990) 

One group of bacteria that meet many of these qualifications are lactic 

acid bacteria (LAB). Lactic acid bacteria are often selected as probiotic 

organisms, partly because they are said to stabilize the digestive microflora and 

compete with pathogenic organisms (Jonsson and Conway, 1992) and partly 

because they are already indigenous to livestock species (Jonsson and Conway, 

1992). Lactic acid bacteria are strong acid producers, they contribute to the 

lowered pH and decrease in numbers of bacteria entering the small intestine and 

may protect the host fi-om infections by colonizing sites and thereby exclude 

invading pathogens. This could be achieved either by attachment to epithella 

and/or growth in the digesta. (Jonsson and Conway, 1992). Organisms currentiy 

being used In probiotic preparations. Including many LAB (Vanbelle et al., 1990): 

1. Streptococci - S. faecium, S. thermophilus 
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2. Lactobacilli - L. bulgaricus, L. acidophilus, L. casei, L plantarum, L. 

lactis, L brevis, L fermentum, L bifidus, L. helveticus 

3. Bacilli - e. subtilis, B. toyoi, B. licheniformis 

4. Aspergillus oryzae 

5. Saccharomyces cen/isae 

6. Esherichia coli 

7. Kluyveromyces fragilis 

8. Pediococcus 

9. Rumen extracts 

Modes of action 

Bacteria have evolved many mechanisms that allow them to successfully 

compete for nutrients and adhesion sites, several modes of action have been 

suggested for probiotic organisms: 

1. Reduction of pH (Gilliland and Speck, 1977; Fox, 1988; Fuller, 1999). 

From lactic acid production (Pollmann et al., 1980a; Pollmann, 1986b; 

De Cupere et al., 1992). From production of VFA (SIssons, 1989; 

Vanbelle etal., 1990; Saavedra, 1995; Fuller, 1999) 

2. Hydrogen sulphide (Fuller, 1999) 

3. Competition for nutrients (Fuller, 1989; Vanbelle et al., 1990; 

Jonsson and Conway, 1992; Saavedra, 1995; Fooks etal., 1999; Fuller, 

1999) 
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4. Competition for intestinal receptors (De Cupere et al., 1992; 

Saavedra, 1995) 

5. Metabolic production of hydrogen peroxide (Gilliland and Speck, 

1977; Fox, 1988; Sissons, 1989; Vanbelle et al., 1990) 

6. Antibiotics or antibiotic-like substances (Gilliland and Speck, 1977; 

Pollmann, 1986b; Fox, 1988) Secretion of antimicrobial substances 

(Pollmann et al., 1980a; Saavedra, 1995; Fooks et al., 1999). 

Bacteriocins (DeCupere et al., 1992; Saavedra, 1995; Fooks et al., 1999; 

Fuller, 1999). Production of anti-E. co//and other antibacterial 

suibstances (Fox, 1988; Fuller, 1989) 

7. Adhesion to the gut wall and competition for adhesion sites 

(Pollmann etal., 1980a; Pollmann, 1986b; Fox, 1988; Fuller, 1989; 

Vanbelle et al., 1990; Saavedra, 1995; Fooks etal., 1999; Fuller, 1999) 

8. Endotoxin detoification (Fox, 1988; DeCupere et al., 1992) blocking 

of toxin receptors and suppression of toxin production (Sissons, 

1989; Fooks etal., 1999) 

(8) Attenuation of virulence (Fox, 1988; Vanbelle et al., 1990; Fooks et 

al., 1999) 

10. Prevention of toxic amine synthesis (Pollmann, 1986b; Fox, 1988; 

Sissons, 1989; Vanbelle et al., 1990) 

11. Competitive antagonism - "The normal microbial flora of the GIT 

acts as a host defensive barrier either by making the target epithelial cell 
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unavailable to pathogens or by creating an environment detrimental to 

pathogens" (Fox, 1988). This is what Fuller (1999) referred to as 

competitive exclusion. 

12. Specific immunostimulation (Fox, 1988; Fuller, 1989; Sissons, 

1989; Vanbelle et al., 1990; DeCupere et al., 1992; Fooks et al., 1999) 

13. Alteration of bacterial metabolism - increase or decrease in 

enzyme activity (Fox, 1988; Fuller, 1989) 

14. Change in enteric flora and reduction of E. coli (Pollmann et al. 

1980a; Pollmann, 1986b; Fox, 1988) 

15. Immunomodulation (Fox, 1988; Saavedra, 1995) 

16. Production of vitamins and increase the brush border cell 

activities of lactase, sucrase and maltase (Vanbelle et al., 1990) 

17. Prevention of toxic amine synthesis (Pollmann et al., 1980a; 

Vanbelle etal., 1990) 

18. Reduction of microbial catabolism - tending to a better equilibrium 

between Lactobacilli/Colicacilli (Vanbelle et al., 1990) 

19. Combination of two or more of the above (Gilliland and 

Speck,1977; Fuller, 1989; Vanbelle etal., 1990). 

Intestinal morphology 

In the previous section, it was reported that one of the knowm effects of 

feeding subtherapeutic levels of antibiotics was the thinning of the small intestinal 
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lining, with increased nutrient availability for growth. Recent research (Elam, 

2003) with cattle and Lactobacillus acidophilus has revealed a similar result. 

Eariier research with germ-free animals monoassociated with LAB or 

Lactobacillus fermentation products failed to elicit the same kind of morphological 

changes seen in conventional animals (Jonsson and Conway, 1992). Tannock 

(1983) reported that Indigenous microbes (which include L acidophilus) do not 

elicit a marked antibody production response. He proposed that the Indigenous 

microbes and their host species have evolved together by an animal host when 

the microbes are administered parenterally. Jonsson and Conway (1992) 

reported an experiment that found notable differences in the structure of the 

small intestine in conventional piglets from two different herds. In this study, the 

villi of the control piglets were more or less damaged whereas the pigs receiving 

L. reuteri had more normal villi about 1 week after weaning. These authors also 

mentioned a study that found that adding L. acidophilus to the feed of pigs to be 

slaughtered yielded intestines of better quality for use in the sausage industry. 

Indications of morphological changes in the small Intestine with the 

feeding of probiotic organisms provide concrete evidence that these organisms 

offer potential benefits to animal agriculture. However, as Elam et al. (2003) 

demonstrated, changes In Intestinal morphology may not necessary translate Into 

improvements in growth and/or feed efficiency. The age of the animal and the 

amount of stress that it is experiencing will determine whether changes in 

morphology are expressed as improvement in growth performance. 
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Variability 

The probiotic concept has met with considerable skepticism and has often 

been called 'snake oil' or 'fufu dust' by both university and feed industry 

researchers. A combination of variable field results and marketing of worthless 

products has further hindered the acceptance of the probiotic concept (Pollmann, 

1986b). This sentiment was echoed by Fox (1988), who cited two reasons why 

veterinarians have been ambivalent about prescribing or dispensing probiotics: 

(1) Eariy probiotics simply did not work; and (2) Many producers are reluctant to 

give up antibiotics. One reason eariy probiotics did not work is that they did not 

contain the numbers of viable bacteria they claimed (Jonsson and Conway, 

1992). Several conditions have been suggested that contribute to variability of 

response: 

1. Viability of microbial culture which may be dependent on storage method 

and cryoprotective agents in the freezing technique (Pollmann, 1986a; 

Vanbelle et al., 1990; Jonsson and Conway, 1992; Famularo et al., 1997) 

and age of the bacterial culture (Hlllman, 1999) 

2. Strain differences (Pollmann, 1986b; Vanbelle et al., 1990) 

3. Types of microbes used (Jonsson and Conway, 1992; Famularo et al., 

1997) 

4. Form of probiotic fed (Jonsson and Conway, 1992) 
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5. Source of the probiotic bacteria (Hlllman, 1999), genetic, physiological or 

health status of the animal (Jonsson and Conway, 1992) 

6. Dose level and frequency of feeding of the culture (Pollmann, 1986a; 

Jonsson and Conway, 1992; Famularo etal., 1997) 

7. Species specificity problems (Pollmann, 1986a) 

8. Method of production and administration (Famularo et al., 1997) 

9. Stability of the Intestinal fermentation (Vanbelle et al., 1990; Famularo et 

al., 1997; Hillman, 1999) 

10. Physiological state (Vanbelle et al., 1990; Jonsson and Conway, 1992) 

11. Diet (Jonsson and Conway, 1992) 

12. Environment and Its microbial load (Jonsson and Conway, 1992) 

13. Drug interactions (Pollmann, 1986a; Vanbelle et al., 1990) 

14. Lack of systematic investigation by researchers (Jonsson and Conway, 

1992) 

15. Absence of information about the sanitary conditions in the animal 

houses (Jonsson and Conway, 1992) 

16. Ignorance of the exact mechanism of action In the gut (Jonsson and 

Conway, 1992) 

Fuller (1989) succinctiy summarized the variability situation: "[probiotics 

are]... bound to be variable because they operate by reversing stress factors 

which may or may not be present... This sort of variation occurs with antibiotics 

and other growth promoters." If an antibiotic is effective for growth promotion 
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and/or feed efficiency, probiotics should be likewise effective under the same 

conditions, assuming that they have been thoughtfully selected and stored and 

handled correctiy. 

Research with swine 

As with antibiotics, animals experiencing the most stress respond to a 

greater extent than animals not experiencing stress. Neonatal and young pigs 

have been shown to respond to a greater degree than grower pigs, and grower 

pigs have been shown to respond more than finishing swine (Fox, 1988). This is 

because "Young pigs face many changes during the weaning transition. Abrupt 

changes in diet type and environment increase the possibility for decreased 

intake, poor performance, and increased risk of disease" (Gueye, 2003). Indeed, 

most of the published data Involves young pig (Cline et al., 1976; Holden, 1976; 

Mahan and Newland, 1976; Baird, 1977; Muralidhara, etal., 1977; Cowman et 

al., 1978; Tanksley, 1978; Hale and Newton, 1979; Pollmann et al., 1980a, b, 

Pollrnann, 1986b; Vanbelle et al., 1990; Jonsson and Conway, 1992), 

comparatively fewer experiments have fed probiotics to growing-finishing pigs 

(Hines and Koch, 1971; Kornegay et al., 1975; Cline et al., 1976; Baird, 1977; 

Pollmann et al., 1978; Pollmann et al., 1980a; Maxwell et al., 1982). By the time 

the pigs reach the growing-finishing stage, either the stresses that prompt 

responses with both antibiotics and probiotics have been reduced or the animals 
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have adapted. "The value of feeding these products to non-stressed growing or 

finishing pigs has yet to be supported" (Fox, 1988). 

Conclusions 

Several theories have been developed over the years to try to explain 

antibiotic and probiotic growth promotion, although no one theory ever covered 

all aspects of the phenomenon. It is now known that morphological changes 

occur in the lining of the small intestine of animals fed antibiotics that are similar 

to those that occur in germ-free animals, and there are indications that a similar 

situation may exist for animals fed probiotics. Other changes associated with the 

decrease in small intestinal tissue weight, nutrient availability, energy utilization, 

and immune status, help explain the growth promotion phenomenon. There are 

risks associated with the use of any antibiotics so they should be used only when 

a benefit can be cleariy demonstrated and according to label instructions. 

Antibiotic use can be justified by the decrease in mortality and morbidity in newly-

weaned pigs but perhaps not in pigs over the weight of 50 kg. Regarding the 

future of feed-additive antibiotics Guest (1976) wrote: "I believe that in animal 

science, the feed industry and the food animal Industry we are going to see 

continuing and increasing efforts in the area of genetic improvement, improved 

husbandry practices, and food animal nutrition in an effort to meet this countiy's 

and the worid's needs for animal protein. These improvements may offeet the 

need for continuous medication of animals." Although improvements in genetics 
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have occurred in the 28 years since that was written, there has been no decline 

in the use of subtherapeutic antibiotics in the US , despite the growing public 

sentiment against such use. A more realistic plan would include some form of 

growth promotant, and one that can be used safely and with little threat to 

humans, animals and the environment. 
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Table 3.1 Common bacteria in the gastrointestinal tract of pigs (Vanbelle et al., 
1990) 

Bacteroides ruminicola 
Bacteroides uniformis 
Bacteroides succinogenes 
Butyrivibrio fibrisolvens 
Clostridium perfringens 
Esherichia coli 
Eubacterium aerofaciens 
Lactobacillus acidophilus 
Lactobacillus brevis 
Lactobacillus cellobiosis 
Lactobacillus fermentum 

Lactobacillus salivarius 
Peptostreptococcus salivarius 
Peptostreptococcus productus 
Proteus sp. 
Ruminococcus flavefaciens 
Selenomonas ruminantium 
Streptococcus bovis 
Streptococcu equines 
Streptococcus faecalis 
Streptococcus salivarius 
Veillonellae sp. 
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CHAPTER IV 

GROWTH PERFORMANCE AND CARCASS CHARACTERISTICS OF 

GROWING-FINISHING PIGS FED DIETS CONTAINING PEANUT HULLS, 

WITH OR WITHOUT ADDED PROBIOTIC, OR AN ANTIBIOTIC 

Abstract 

Three experiments were conducted using 436 growing-finishing pigs 

(initial ave. wt. 26.8 ± 0.4 kg) and three feed additives: a) peanut hulls (PH) b) a 

probiotic and c) an antibiotic. Experiment 1 was conducted to identify the highest 

level of peanut hulls that would not Impair growth performance when compared 

to control animals. A total of 192 pigs (76.0 ± 0.4 d old and 24.0 ± 0.4 kg) were 

fed one of six diets with graded levels of ground PH (0, 5, 10, 15, 20 and 25%) 

until pigs reached 91.0 ± 1.5 kg based on a three phase feeding program: 

grower, finisher I and II (39, 46, and 19 d, respectively). The highest levels of PH 

inclusion that elicited feed efficiency similar to the control was 5 for grower, 10 for 

finisher I, and 15% for finisher II phases. In Exp. 2, 192 pigs (89.0 ± 0.82 d, 28.0 

± 0.29 kg) were fed diets containing PH with or without probiotic supplementation 

(Multiple Stabilized Enzymes or MSE). Four treatments were: A) control, b) 

control + MSE, C) PH (either 5 or 10%, for grower or finisher phases, 

respectively), and D) PH + MSE. Pigs fed PH+MSE gained at a rate that was 

19% greater (0.76 vs. 0.64 kg, P < 0.03) than the pigs fed the control diet during 

the grower phase but this improvement disappeared when the level of peanut 
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hulls was increased from 5 to 10% during finisher I and II. Although pigs fed PH 

gained as fast as the control, they consumed more feed (P < 0.05) during finisher 

II and for the entire period (2.90 and 3.30 kg, 2.24 and 2.46 kg, for the diets A 

and D in finisher II and the entire period, respectively) and were less efficient 

(0.34 and 0.25 for finisher I, P < 0.002; 0.35 and 0.32 for the entire period, P < 

0.0001). In Exp. 3, pigs were fed diets containing either Tylan 40® (diet B), MSE 

(diet C) or no additives (diet A). Although growth of pigs fed Tylan was not 

different than that of pigs fed the control (Diet A), pigs fed MSE gained at a 

greater rate (P < 0.05) than the control (0.74 vs. 0.89 for the diets A and C, 

respectively) during finisher II. After the pigs in both Exp. 2 and 3 attained 121.0 

± 1.16 kg, they were slaughtered and carcasses measured for hot carcass 

weight, Dressing percentage, BF, loin depth and percent lean but no significant 

differences were found among the four treatments. Although the performance of 

pigs fed MSE was not enhanced by increased fiber addition, there was a clear 

Indication that there might be an additive effect when a probiotic Is combined with 

low levels of fiber. 

Introduction 

The ecology of the gastrointestinal tract (GIT) is complex and 

interconnected (Tannock, 1983) and said to be 'robust (Chesson, 1993), or 

capable of rebuffing incursions by both pathogens and beneficial 

microorganisms. However, stressful conditions can cause physiological changes 
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in the GIT so that this protective barrier is compromised (Tannock, 1983). In the 

United States, subtherapeutic levels of antibiotics are fed to protect swine, 

especially during the vulnerable post-weaning phase. However, human health 

concerns have prompted the industry to look for alternatives. Two feed additives 

that have shown some promise include probiotics and low levels of fiber. 

The probiotic concept was promoted by Metchnikoff (1907) but its 

application to livestock is much more recent (Parker, 1974), Fuller (1989) refined 

the definition: a live microbial feed supplement which beneficially effects the host 

animal by improving its microbial balance. Acceptance of probiotics has been 

limited, partly due to variable results. This variability is caused by the age and 

stress level of the pigs, a factor that also Influences the effectiveness of feed-

additive antibiotics, and by the viability and cfu of the product. 

Dietary fiber has been shown to divert ammonia excretion from urine to 

the feces (Fahey, 1976). The reduction in environmental ammonia and the 

increase in nitrogen available to the bacteria that inhabit the large intestine may 

be responsible for improvennents in growth performance associated with low (5-

7%) levels of fiber (Coriey, 1978). 

The probiotic Mutiple Stabilized Enzymes (MSE) contains several bacteria 

Including Lactobacillus acidophilus, yeast, and both fungi and fungal extracts, 

organisms that are known to degrade fiber. The objective of this experiment was 

to investigate whether the addition of the probiotic to a diet containing low levels 

of fiber would improve the growth perfomnance of growing-finishing pigs. 
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Methods and Materials 

Experiment 1 

In the fall of 2002, 192 crossbred pigs, (76.0 ± 0.4 d old and 24.0 ± 0.4 kg) 

were fed diets containing six graded levels of peanut hulls (PH) at tiie New Deal 

Swine Unit in a three phase feeding program. The pigs were allotted two pens of 

eight barrows and two pens of eight gilts per treatment. The pigs were housed in 

environmentally controlled finishing pens with concrete slats. Each pen had a 

self-feeder and nipple waterer to allow ad libitum consumption of feed and water. 

Pigs and feeders were weighed on d 38, 61, 82 and 101 to allow for calculation 

of ADG, ADFI and gain to feed ratio. Pigs were divided into two groups, heavy 

and light, depending on initial body weight, the heavy group took 82 d and the 

light group 101 d to reach an average weight of 114 kg, respectively. 

Treatments were: 1) 0% PH; 2) 5% PH; 3) 10% PH; 4) 15% PH; 5) 20% 

PH; and 6) 25% PH. The final diets were produced by diluting a basal corn-soy 

diet (Table 4.2), which was formulated to meet or exceed all nutrient 

requirements, with the various levels of PH (Table 4.1). The basal diets for the 

grower, finisher I and II phases contained 18.2 and 3.36; 15.5 and 3.37; and 

14.7% CP and 3.38 Mcal/kg ME, respectively. 

The experiment was a randomized complete block witii initial BW and sex 

as the initial blocking criteria, and pen as the experimental unit Response 

criteria were ADG, ADFI, and galn:feed. Diets were analyzed using the General 
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Linear Model Procedure of SAS (1985): 1) 0 vs. 5% PH; 2) 0 vs. 10% PH; 3) 0 

vs. 15% PH; 4) 0 vs. 20% PH; and 5) 0 vs. 25% PH. 

Experiment 2 

A total of 192 crossbred pigs (89.0 ± 0.82 d old and 28.0 ± 0.29 kg) were 

used in a growing-finishing study In the spring of 2003 that investigated whether 

the addition of a probiotic (Multiple Stabilzed Enzymes or MSE) to a diet 

containing low levels of peanut hulls would improve growth performance. The 

pigs were housed in environmentally-controlled finishing pens with concrete slats 

located at the New Deal Swine Unit. Each pen had a self-feeder and nipple 

waterer to allow ad libitum consumption of feed and water. Pigs were divided 

into three weight groups: heavy, medium and light Pigs and feeders were 

weighed approximately every 30 d until they weighed 121 ± 1.16 kg, after which 

they were shipped to Seaboard Farms (Guymon, OK) for slaughter and collection 

of carcass data. 

Treatments were: A) basal diet; B) basal + 0.05% MSE ; C) basal + 5% 

(growing phase) or 10% (finisher I and finisher II) PH; and D) basal + MSE + PH. 

The basal diet was the same that was used in Exp. 1. Peanut hulls were added 

to diets 3 and 4 in simple dilution. MSE contains Lactobacillus acidophilus 

(guaranteed analysis, 51.5 x 10^ CFU/.45 kg), L. case/(51.5 x 10^ CFU/.45 kg), 

Streptococcus faecium (51.5 x 10^ CFU/.45 kg), Saccharomyces cerevisiae (2.65 
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X 10^^ CFU/.45 kg), the CFU for the following organisms was not stated on the 

label: Bacillus subtilis, Aspergillus oryzae fermentation products, and A. niger. 

The experiment was a 2 x 2 factorial with initial BW and sex as the initial 

blocking criteria and pen as the experimental unit. Response criteria were ADG, 

ADFI, gain:feed, hot carcass weight dressing percent backfat thickness, loin 

depth, and percent lean. The effect of diet was analyzed using the General 

Linear Model Procedure of SAS (1985): 1) basal vs. MSE; 2) basal vs. PH; and 

3) PH vs. PH + MSE. 

Experiment 3 

In this experiment, which was conducted at the same time and location as 

Exp. 2, 144 crossbred pigs (89.0 ± 0.95 d old and 28.0 ± 0.35 kg) were used to 

test a hypothesis that probiotics were as effective as antibiotics as growth-

promotants. Pigs were housed under the same conditions and fed the same 

basal diets as in Exp. 1 and 2. Pigs were divided into three groups (heavy, 

medium and light) and both pigs and feeders were weighed approximately every 

30 d until the attained 121 ± 1.16 kg, after which they were shipped to Seaboard 

Farms in Guymon, OK for slaughter and carcass data collection. 

Treatments were: A) basal diet; B) basal + antibiotic (Tylan 40, 0.025%); 

and C) basal + MSE (0.05%). The probiotic. Multiple Stabilized Enzymes (MSE) 

was the same as the one used in Exp. 2. The experiment used the same design 
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and analysis employed for Exp. 2. with the exception of the contrasts: 1) Basal 

vs. Tylan; 2) Tylan vs. MSE. 

Results and Discussion 

Experiment 1 

Average daily gain for all treatments during the growing phase was 

different (P < 0.05) than pigs fed the control diet (Table 4.3). Only pigs fed 15% 

PH consumed more feed per day (P < 0.02) than pigs fed the basal diet. Feed 

efficiency (feed:gain ratio) was not different for pigs fed 5% PH but was different 

(P < 0.01) for pigs fed either 15 or 20% PH. When feed efficiency was analyzed 

as gain:feed ratio, all treatments were different from the controls (P < 0.05). 

In the first finishing phase, ADG for pigs fed 5% PH was not different (P = 

0.8) whereas all other treatments were different (P < 0.004) than pigs fed the 

control diet Although there were numerical differences In ADFI during both 

finisher I and finisher II, none of the differences were significant Gain:feed ratio 

of pigs fed 5% PH was the same as pigs fed tine basal diet (P = 0.071), whereas 

gain:feed ratios of all pigs fed all other treatments were smaller (P < 0.008) than 

those of pigs fed the controls. 

By the last phase (finisher II) pigs fed the treatinent diets grew at the same 

rate as pigs fed the confrol diet (P = 0.14) and there were no differences in ADFI 

among the treatments. Pigs fed 5, 10 and 15% PH grew as efficientiy (feed;gain) 
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as pigs fed the controls whearas those fed 20 an 25% PH grew less efficientiy (P 

< 0.02) than controls. 

When the entire feeding period was considered, 5% PH was the only 

treatment that was not different from the control for ADG (P = 0.56) and gain:feed 

(P = 0.15). There were no differences among the treatments for ADFI. 

The capacity of the pig to digest fiber has been reported to increase with 

maturity (Gargallo and Zimmerman, 1981), mainly because fiber digestion is 

related to the volume of the GIT, which also increases with age (Gargallo and 

Zimmerman, 1981; Anugwa et al.. 1989). This is cleariy demonstrated by the 

response to increasing levels of PH in Exp. 1. Lindemann and co-workers 

(1986) fed graded levels of PH (0, 7.5, 15 and 22.5%) to growing and finishing 

swine and reported differences in feed consumption during all three phases. 

Factors other than energy content can influence fiber intake. Including palatability 

and bulk (Kennelly and Aherne, 1980; Powley et al., 1981; Jorgensen et al., 

1996). 

Experiment 2 

During the growing phase, ADG for pigs fed PH+MSE (diet D) grew faster 

(P < 0.03) than pigs fed the control (diet A), this represents a 19% increase in 

ADG (Table 4.4). There was a trend (P = 0.06) for pigs fed diet D to consume 

more feed than pigs fed the other diets. There was also a trend (P = 0.06) for 
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pigs fed the diet containing MSE (diet B) to be more efficient than pigs fed all 

other treatments 

Although pigs fed diet D ate more (P < 0.03) than pigs fed diet B, the 

improvement in ADG seen in the grower phase did not continue (P = 0.67) into 

the first finishing phase, when the fiber level was increased to 10%. This was 

reflected in a decrease in feed efficiency (P < 0.0001) when pigs fed diet D 

compared to pigs fed either the control or diet B. Pigs fed diet C had lower (P < 

0.002) gain:feed ratio than pigs fed either diet A or diet B. 

During the second finishing phase, only pigs fed diet B grew faster (P < 

0.05) than those fed the control diet and there was a trend (P = 0.06) for more 

efficient growth. Pigs fed PH alone (diet C) ate more (P < 0.01) than pigs fed the 

control diet and tiiere was a trend (P = 0.06) for Increased ADFI compared to 

pigs fed diet B. Pigs fed both diets containing PH were less efficient (P < 0.02) 

than pigs fed diet B and there was a trend (P = 0.06) for pigs fed diet B to have 

improved feed efficiency compared to those fed the control. 

No differences for ADG (P = 0.10) were observed when the entire feeding 

period was considered but pigs fed both diets C and D consumed more feed (P < 

0.0081 and P < 0.0023, respectively) than pigs fed diet A. This increase in 

consumption was reflected in gain:feed ratios. Pigs fed both the diets containing 

PH had greater (P < 0.0001) gain:feed ratios than those fed the control. There 

were no differences between treatments when carcass traits were evaluated 

(Tabfe 4.6). 
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The Improvement reported when pigs were fed the combined treatment in 

the grower phase disappeared when the fiber level was increased to 10% in the 

first finishing phase. Fahey (1976) and Coriey et al. (1978) theorized that the 

benefits gained by feeding low levels of fiber derived from the decrease in 

ammonia excretion. Fahey (1976) demonstrated that fiber interferes with the 

enzyme urease, causing urea to be excreted in the feces instead of the urine. 

This small benefit may have been masked by energy dilution when the fiber level 

was increased to 10%. 

Experiment 3 

During the grower phase, there was a trend (P < 0.09) for pigs fed diets 

containing Tylan (diet B) to grow faster than pigs fed the control (diet A) but there 

were no significant differences in either ADG, ADFI or gain:feed when pigs fed 

diet B were compared to pigs fed diets containing MSE (diet C) (Table 4.5). By 

the end of the first finishing phase, pigs fed diet B had lost this slight advantage 

and the only difference was a trend (P = 0.08) for greater feed efficiency with pigs 

fed diet C compared to pigs fed diet A 

In the second finishing phase, pigs fed diet C grew faster than pigs fed 

either diet A (P < 0.03) or diet B (P < 0.02) and consumed more feed (P < 0.04) 

than pigs fed the control diet and there was a trend (P < 0.06) for pigs fed diet C 

to grow more efficientiy than pigs fed the control diet There were no differences 

(P = .17) between the treatments for ADG, ADFI or feed efficiency when the 
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entire feeding period was considered. When the carcasses were evaluated 

(Table 4.7), there were no differences (P = .11) for any of the traits measured. 

Results from experiments that have fed probiotics have been variable. 

Maxwell et al. (1982) found that probiotics significantiy improved ADG in the 

growing and finishing phases and for the entire feeding period while Pollmann et 

al. (1980) reported no improvement when the entire growing-finishing period was 

considered. Probiotics, as with antibiotics, have been shown to be more effective 

in younger animals, especially during the post-weaning phase when the animal is 

most vulnerable (Fox, 1988). Pigs that consumed diets with added MSE grew 

faster and more efficientiy in both the grower and finisher II phases. 

Implications 

Probiotics and fiber are old ideas that deserve new consideration. Both 

have been discarded during the frenzy for maximized performance necessitated 

by Intensive swine production but recent research has shown that probiotics have 

evolved and that low levels of fiber Inclusion in diets may have a place in modern 

swine production. The dietary addition of MSE has been shown to increase 

swine growth performance during the finishing phase, a stage of growth that has 

not traditionally responded to growth promotants. Adding fiber can decrease diet 

costs, depress ammonia emissions and still maintain acceptable growth 

performance. Both producers and academics need to re-evaluate their 

predlllction for antibiotics, especially in the light of consumer concerns. 
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Table 4.1 Composition of peanut hulls 
Item Quantity in peanut hull? 
Moisture, % 8.05 
Dry matter, % 91.00 
Crude protein, % 8.36 
Crude fiber, % 63.00 
ADF, % 57.71 
NDF, % 74.00 
Lignin, % 23.00 
Ash, % 5.00 
TDN, % 34.09 
NEm (Mcal/kg) 0.29 
Ca, % 0.59 
P, % 0.08 
K, % 090 
''Dry matter basis. 
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Table. 4.2 Composition of control diets (Exp. 1, 2 and 3)̂  

Item 
Com 
Soybean meal, 48% CP 
Salt 
Trace mineral-vitamin premix 
Vegetable oil 
Dicalcium phosphate 
Limestone 
Total 

Chemical composition 
Dry matter 
ME (Kcal/kg) 
Crude protein 
Lysine 
Cys+Met 
Tryptophan 
Threonine 
Ca 
Available P 
Total P 

Grower 
69.00 
26.00 
0.30 
2.00 
1.00 
1.00 
0.70 

100.00 

89.70 
3355.10 

18.16 
0.97 
0.62 
0.21 
0.68 
0.62 
0.27 
0.54 

% 
Finisher 1 

76.80 
19.00 
0.15 
1.40 
1.00 
0.90 
0.75 

100.00 

89.58 
3374.65 

15.46 
0.78 
0.55 
0.17 
0.58 
0.59 
0.24 
0.50 

^Exp. 1 - Peanut hulls were added in simple dilution at 0, 5, 10,15, 

B ^ B ^ ^ ^ n S S S 

Finisher 2 
79.00 
1700 
0.15 
1.40 
1.00 
0.85 
0.60 

100.00 

89.53 
3382.19 

14.69 
0.72 
0.53 
0.16 
0.55 
0.52 
0.23 
0.49 

20 and 25% to make six diets 
for each phase (grower, finisher I and 11). 
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