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CHAPTER I
INTRODUCTION

To materially increase the production of meats, milk and eggs with
less feed requires the use of secientific knowledge. In the last five to
ten years, this has been mede possible through the use of antibiotics,
hormones and other drugs to stimulate a faster growth rate in animals
with greater utilization of feeds "The medication of feed stuffs is a
recent feeding innovation that has economic implications, These technical
changes in feeding practices are improving the efficiency of feed con-
version, that is, the pounds of livestock product produced per hundred
pounds of feed. They also affect the organization of production on the
farm," Scoville (1956). One benefit of economic importance to the live-
stock farmer that has come out of the development of antibiotics is their
use in livestock feeds. Penieillin, Chlortetracycline, Oxytetracycline,
and bacitracin have been used in livestock feeds in the past few years.
In 1954, 490,000 pounds of these drugs were mixed into livestock feeds
which resulted in savings to the farmers through greater efficiency of
production according to Weleh and Mart-Ibeanes (1957). Antibioties hold
promise for further profitable investigations and exploitation in live-
stock production.

While antibiotics may help to increase the income of the farmer,
they may play a greater role in the nutrition of man throughout the world.
A nutritionist has estimated that antibiotic supplements for hogs can save
two million tons of feed annually in the U, S. A., McKeen (1952).
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Knowledge so far gained on the role of antibioties in nature seems

to point out hope of further useful findings on the influence of environ-
mental bacteria on the growth of farm animals., A drug or combination of
drugs that would completely inactivate all bacteria in the intestinal tract
to provide a germ free amimel for studying the vitamin requirements as
reported by Moore et al. (1946), or to compare the growth of such germ-free
animals, with those animals whose bodies and environment hold a high con-
centration of bacteria, are areas that seem to be of practical benefit,
Similarly, the effects of continued administration of antibiotics on
animals in relation to their vitamin and mineral requirements or the
anatomical and physiological consequences that can follow prolonged use of
antibiotics still demands study. Obviously, the field of antibiotiecs is

a fascinating area for continued research. The research undertaken with
antibiotics in spplied feeding trisls on farm stock, and the basie, or
fundamental work with laboratory animsls cannot be considered complete.
Additional work is needed to identify new antibiotics and each new antibiotic
has to be tested in every possible way to determine its properties and
potential in livestock production,

Oleandomyein is a new antibiotic that has recently been placed on
the market. It must be evaluated as a growth stimulant for swine and
compared to known antibiotics in this respect.

This study was designed to evaluate Oleandomyein, and a combination
of antibiotics with a sulfa drug in relation to a control ration and a
stendard antibiotic used for growing-finishing swine, The work was done
at the University of Tennessee Animal Husbandry-Veterinary Seience Blount
Livestock Farm from December, 1958 to May, 1959.




CHAPTER II

REVIEW OF LITERATURE

Early Work and Discovery of Growth Stimulating Activity of Antibiotics

Early observations of increased growth in animals following the
administration of chemotherapeutic agents indicated a relationship of these
drugs with changes in growth rate. At that time it was evident that these
chemotherapeutic agents, and particularly the sulfas drugs, caused an in-
hibition in growth by their bacterio-static effect on the intestinal miecro-
flora, Black et al, (1941) showed that on a purified basal ration, 0.5
per cent sulfa guanadine greatly reduced the growth rate of young rats.
When liver extract was fed with 0.5 per cent sulfa guanadine optimum growth
was obtained. Whereas, when p-amino benszoic acid was fed with 0.5 per
cent sulfa guanadine from the beginning of the treatment there was a
definite growth response. These results indicated a possible synthesis
of rat-growth factors by the intestinal bacteria, Luckey et al. (19L6)
found that the addition of sulfasuxidine to a purified ration for chicks
increased the demands for synthetic folic acid by about three times.

This situation indicated that bacterio-static agents lead to the prevention
of biogynthesis of B vitamins in the alimentary traect by inhibiting the
normal growth of the intestinal microflora. Smith and Robinson (1945)
reported that streptomyein and streptothricin administered orally to mice
caused & rapid pronounced reduction in the number of coliform and non
lactose fermenting orgenisms in the feces. Both drugs caused a distinct
change in the intestinal flors, Similarly, Kornberg et al. (1943) produced



L
agramulocytopenia and anaemia in rats by feeding sulfathiazole, sulfa-
diagene or sulfanilamide at a 1.0 per cent level using a purified diet.
FPeeding certain liver fractions counteracted the effects of the continued
administration of these sulfa drugs in four to ten days. Similar results
were found by Light et al, (1942).

Moore et al. (1946) found that sulfasuxidine and streptomyein singly
or in combination gave an increased growth rate in chicks receiving a
basal ration supplemented with folic acid, but they failed to sterilize
the intestinal tract though there was a marked reduction in the colifora
bacteria.

During this period of research it was shown that the addition of
animal protein to a plant protein diet of chicks and swine greatly acceler-
ated growth, This finding later led to the isolation from liver of the
"animal protein factor," (vitamin Byo), Ricks et al. (1948). 'APF' was
thought to be responsible for the differences in the growth promoting
properties in animal protein over plant proteins. Later on, vitamin Byo
was found in the cultures of streptomyces griseus and a streptomyecis auro-
facins and crude residues from these fermentation broths were tried as
feed supplements. Since these residues showed evidence of higher growth
stimlating activity then erystallin vitamin By, Stoksted and Jukes (1950)
demonstrated that chlortetracycline and streptomycin with vitamin Byp can
promote further growth in chicks., Thus began the role of antibioties in
animal nutrition,

Antibiotic Effect in Swine Feeding

Braude et al, (1953) made a review of the work on antibioties since




the first report appeared in 1949-50. The object of the work was to
determine the relative effectiveness of different antibiotics, the factors
influencing their response, and to understand the mode of actione They
found aureomyein and terramycin more effective than penicillin, bacitracin
end streptomyein. Terril et al. (1954) found surevmyein to be more effect-
ive than bacitracin in stimulating growth rate. Hansen et al. (1955)
found the addition of terramyecin and penicillin inereased gains of pigs
significantly, but the withdrawal of the antibiotie when pigs sttained
125 pounds of weight had a depressing effect on rate of gaing thereafter,
Wallace et al. (1953) found feed utilisation figures were in faver of
those pigs on @ high level of antibiotic through the growing-fattening
period. Complete uith&ual of the antibiotic caused a decrease in gains,
lower feed consumption and poor feed conversion. The inference was that
antiblotic supplement should be continued through the entire growing-
fattening period for optimuu gaine. Carpenter (1951) tested five anti-
biotics, namely, aureomyein, terramycin, streptomycin and chloromycetin
and obtained a growth response. All the antibiotics except chloromycetin
wag effective in controlling Giarrlu:c. Vitamin Byy or streptomyein given
either orally or parenterally stimulated growth of weened pigs, but there
wes no added advantage when both were given together, Vitamin Byp had no
"effect on dlarrhea, but streptomyein did control diarrhea.

Whitehair et al. (1951) reported that aureomyein, streptomyein,
penicillin and sulfathalidine were very benefiecial in the treatment of
digestive disturbances in young pigs. In the event of chronic digestive
disturbances in a herd these drugs can be given in feed, but in an acute
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situation therapeutic treatment of individuals was the best method, Cunha
et al. (1950) found that sureomyein increased the rete of gain, efficiency
of feed utilization, appetite, bloom and smoothness of hair coat; the anti-

biotie also prevented periodic secours which occurred in the eontrol pigs.
When aureomyein, streptomyein and penicillin were compared they found
penicillin to be least beneficial for growth inerease. Streptomycin
stimlated growth to a small extent, but not as much as aureonmyein which
gave by far the best response., Their data indicated differences in response
may oceur with various antibiotics, rations and species. Cuff et al. (1950)
studied the effects of antibiotiecs in sixty-three "runt" pigs. A runt pig
was defined as an unthrifty pig weighing less then twenty pounds at fifty-
six days. These pigs were self fed a basal ration containing 18 per cent
protein to which varying amounts of vitamin Byo, APF, and sureomycin had
been addeds They found the added APF significantly improved the daily gains
while the addition of vitamin Bjo did not significently effect gains. There
was no measursble interaction between APF and vitamin By or between vitamin
B2 and aureomycin. Whereas, pigs receiving aureomyein had significantly
higher daily gain, were more uniform in size, more thrifty in appearance

and exhibited less scouring than pigs on other treatments. These results
indicated that slow growing (runt) pigs respond well to low level entibiotic
feeding.

Cunha et al. (1950) using a corn-peanut meal ration showed that APF
and vitamin Bjp were different in their responses in pigs. Burnside et al.
(1949) found APF inereased the feeding value of peanut meal and soybesn
meal in such a way as to equal that of fish meal. With the same corn-peamut
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meal ration Cunha found APF and vitamin Byp spared the methionine needs of

pigs., His later studies indicated that APF contained vitamin By plus
some other factor. These findings seem to be in agreement with those of
Stokstad et al. (1950) who found that the APF supplement supplied some
unidentified factor for the chick in addition to vitamin By,.
: Catron et al. (1952) fed a total of 128 pigs with corn-soybean

" meal ration, supplemented with minerals and vitamins including vitamin
Byo from weaning to 200 pounds in dry lot., Aureomycin in varying levels
and different protein levels were used to determine whether previously
recommended protein levels were too liberal for the present day feeding
practices and to note the effect of antibioties on protein needs of pigs.
Protein levels were reduced by 3 per cent when the pigs reached seventy-
five pounds and again when the pigs reached 150 pounds. They found, in
the absence of antibioties the rate of gain for the entire feeding period
varied significantly among the different protein levels, These results
gshowed in the absence of an antibiotic the 16-13-10 per cent protein levels
supplied the needs of protein for pigs from weaning to market. Whereas,
in the presence of an antibiotic a level of lhi~11-8 per cent protein pro-
duced gains equal to the higher levels of protein. Aureomyein added at
the rate of 10 mg. per pound of ration appeared to exercise a protein "sparing-
like" effect on the lower levels of protein, In effect, pigs receiving an
antibiotic in their feed gained an average of 0,12 pounds per day more and
consumed twenty-three pmndn less feed for every hundred pounds of body
gains made than those that did not receive an amtibiotie. \}Brmdo and
Johnson (1953) maintsined that the protein sparing effect of antibioties




cannot be explained on the basis of nitrogen retention. They explained

the apparent protein-sparing effect noticed was due to the faect that the
requirement of protein and particularly the "protein-carbohydrate" ratio
are not the same in fast growing animals as compared to animals growing
at a normel rate. Whatever factor is responsible for the fast rate of
growth in animals receiving antibioties may indirectly also alter the
optimum protein-carbohydrate ratio which may explain the lower protein
requirements for the antibiotic treated animals. Phillips and Bohstedt
(1954) found that vitamin By, had no effect in increasing the rate of
gain, feed efficiency, haemoglobin or protein utilisation. Aureomyecin
had no effect on high protein fed pigs after they reached seventy pounds
in weight, while the performance of pigs with lower body weight was ine
creased. However, aureomycin alone or in combination with vitamin 812
increased the protein utilization by pigs. Protein levels of 17.0, 13.7
and 11.7 per cent with aureomyein and vitamin Byp added were equal to protein
levels of 21, 18.2 and 15 per eent without aureomyein and vitamin Byo.
Carpenter (1951) found that feeding an APF supplement containing
aureomyein for 49 to 90 days prior to parturition did affect litter size
and survival of new born pigs. He found that the post weaning growth rate
and feed efficiency was increased in pigs fed a ereep diet with aureomyecin
during the suckling period., Reduecing the level of antibiotic supplement
at weaning time or three weeks after weaning gave a decrease in rate of
gain and efficiency of feed utilization, and a high incidence of diarrhea.
Hangon (1951) reported that sureomyein and terramycin added to a creep
feed for suckling pigs improved the rate of growth and prevented secours.



Bacitracin and penicillin did not stimulate growth or econtrol scours,

Wehalstrom (1955) found that in two dry-lot trials and one pasture
trial no appreciable advantage when combinations of antibiotics were used
as compared to aureomyein alone, Bridges and Dyer (1952) fed penieillin
and streptomyein singly and in combination in a cottonseed meal ration,
Both penieillin and streptomyein increased the rate of gain,

Smith et al. (1956) fed chlortetracycline at levels of 100, 200 and
LOO gms, per ton of feed prior to and twenty-six days after vaccination
for hog cholera., They found that immunity was not affected by chlortetra-
cycline. Brown and Luther (1950) stated that levels as low as three parts
per million of antibioties increased growth rate of pigs fed balanced
vegetable rations containing vitamin Bjpo. These pigs were superior to
pigs fed a practical ration conteining animsl protein. Luecke et al. (1951)
found streptomyein and sureomycin at 10 mg. per pound of ration gave a
growth response. Procaine penicillin at 1 to 5 mg. per pound of feed was
satisfactory, while APF containing aureomycin gave excellent growth when
fed at levels of 0.35 per cent in B vitamin fortified corn-soybean ration.

Speer et al. (1956) fed pigs individually at different protein
levels. The rations were made up of soybean meal fortified with minerals
and vitamins, with and without the addition of chlortetracycline hydro-
chloride, The pigs were put on alfalfa pasture at a weight of 30 to 200
pounds. Statistically significant responses in growth rate, feed intake
end feed efficiency were obtained. Luecke et al. (1950) reported that the
addition of vitamin Bjo to the basal ration resulted in approximately a 10
per cent increase in body weight gain as against the gains of animals fed
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the basal meal alone. The inclusion of vitemin Byo and streptomycin to
the basal ration gave about a LO per cent increase in weight gain., Dried
animal protein factors gave similar effects to Byo and streptomyein.

Work at the Purdue University by Briggs and Beeson (1951) involved
the feeding of healthy pigs with various combinstions of aureomyein,
streptomyein and vitemin Byo concentrates in an all plant protein ration.
Pigs on the basel ration made 1.6 pounds per day, and had a feed require-
ment of 392 pounds per hundred pounds of body gain, When 15 mg. of strepto-
ufcin per pound of ration or 10 mg. of erystallin aureomycin per pound of
ration were given, there were increases from 11,0 to 13.0 per ecent in
average daily gains and 14,0 to 16,0 per cent feed efficiency, When vitamin
Byz was added at levels of 12.5 mg. per pound, in sddition to the antibiotic,
the results were similar to those fed sureomycin. This work also showed
that supplementing practical rations for pigs with either of the two anti-
bictics md/or vitamin By, resulted in more uniformity in the pigs and
prevented bloody dysentery.

Dinusson et al. (1951) found the addition of cobalt-chloride to
rations made with locally grown grains increased the rate of gain 0.1 to
0.2 pounds per day, While Kline et al. (195k) found the addition of 2,88
ppm cobalt to a ration with or without antibiotic did not improve the
growth performance of pigs. Pigs receiving Byo and cobalt made similar
gains as those given only cobalt. The daily feed intake and efficiency
were not affected by the addition of Byo or cobalt, The addition of an
antibiotic definitely brought sbout an improvement in gain and this gein
disappeared with removal of the antibiotic. Bacterial studies of feces
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showed a marked increase in fungi counts in pigs fed antibiotics and a
decrease in fungi count in those receiving vitamin Byo.

The effect of antibiotics on the carcass characteristics was an
issue of considerable experimentation. Price (1954) studied the carcasses
of forty-six barrows, fed on various levels of sureomyein, vitamin Byp,
terramyein and trace minerals, He found the average backfat thickness of
the pigs receiving antibiotics was slightly greater than those of the
control, but the difference was not significant., The average lean cut
weights and average percentage of lean in the lean cuts was similar in all
groups. Hensen et al. (1955) found adding vitamin Byo or any of the anti-
bioties did not affect the percentage of moisture, crude protein or fat

in the carcasses. They concluded sureomycin, terramycin and pemicillin
per se do not directly affect carcass quality. Teh-cheng Huang and McCay
(1953) found pigs receiving terramycin had a higher dressing percentage
than the controls. In gross enalysis, the pigs fed terramycin ylelded more
total fat and lean meat by weight, but & lower percentage of lean meat and
a highér percentage of fat than the controls.

Oldfield and Hale (1953) investigated the activity of antibiotic
administered to very young suckling pigs in several different methods.

The different groups of suckling pigs were administered penieillin, by
intramuscular injections, another received the same dose of penieillin

orally by capsule, the next received the same dose of pemieillin divided
among four oral weekly doses, and the fourth group was control. The results
indicated some advantage for antibiotic supplementation for pigs which are
suckling and for the parenteral method of administration., Larson and
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Carpenter (1952) conducted two experiments to determine the amount of

aureomycin excreted in the feces of pigs receiving aureomyein orally and
intraperitonesally, The result of the experiment showed that aureomycin
administered orally or by injection is excreted in the feces of pigs,
The amount excreted nrud“with the pigs from day to day, The injected
aureomycin was found in feces twenty-four hours after administration and
apparently reached the maximum value in seventy-two hours,s The oral
administration reached th- maximum in the feces within forty-eight hours. |
Harrel end Heilman (1949) showed that in men, aureomyein given orally was
excreted by the liver through the bile, It is possible, that in the pig,
aureomycin enters the intestinal tract of the pig through the bile,

This review will seem incomplete without a brief consideration of
the possible mechanism involved in the growth promoting responses obtained
from antibiojbics. This aspect of antibiotic action continues to baffle
all investigations to the present time. WNever~the-less, there has been
various conjectures and postulates, All experimental evidence now seems
to converge on the intestinal bacteria., These postulates have been a
positive nitrogen balance, disease-level, mﬁibioﬁc action is like that
of a drug acting on the general nutrition of the organism and amtibiotics
acting through 2 possible vitamin sparing action in the organism. The
disease level concept originasted following the experiments by a large number
of investigators, on S, sureofaciens fermentation product. Terril and Krider
(1950), Cunha (1949), and Catron (1949) obtained marked effects in the
control of diarrhea followed by improvement in growths. This led to the
postulation that the antibiotic effeect, varied with disease level, a term
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introduced by Catron. Germ free environment concept, seems to be opposite

to disease level concept. For instence, a2 high disease level would make
the antibiotic growth effect large while in a germ free condition, anti-
biotic action would tend to be small, This view is partially supported

by the report of Coats and co-workers (1951) which showed that the dis-
appearance of antibiotic effect can occur in a germ free clean area., When
chicks of the same hatch were divided and one group reared under clean
laboratory conditions without penicillin they weighed 190 gms., the other
reared in 2 less clean building and supplemented with penieillin also
weighed 190 gms., while the third, unsupplemented control, weighed only

167 gmss All chicks received the seme basal ration, When all these chicks
were mixed at fourteen days of age both lots depressed in growth unless
they received an antibiotic supplement. Experimental findings on the
effect of antibioties for the animals on clean and dirty environment gave
rise to the belief that antibiotic effect may be due to suppression of
growth suppressing organisms. Bird (1951) advanced the belief that anti-
bioties altered the internal ecological relationship of the mieroflora

and this formed the basis for the stimulating effeet on growth in pigs.
Inhibition of some microorganisms will favor the growth of other organisms
in the digestive tract. The decrease in the requirements of several
vitamins and for proteins could be explained either on the basis of en-
couragement of nutrient synthesing forms of microorganisms or the supression
of nutrient utilizing forms of mieroorgsnisms. Elam et al. (1953) advanced
the idea that antibiotics inhibited toxin producing bacteria., Their experi-
merts showed a close relationship between an antibiotic, arsenical,
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combinations of antibioties, and a combinetion of entibiotic and arseniesl

in reduction of the number of clostridia per gram of fecal material.



CHAPTER IIX

EXPERIMENTAL PROCEDURE

For this experiment, fifty-six weanling Duroc and Hampshire pigs
were allotted to fourteen lots on the basis of breed, sex, and weight.
Two lots were rendomly assigned to each of the following treatments:

1. Control

2. Control plus 10 grams oxytetracycline

3+ Control plus 3 grams oleandomyein

e Control plus 12.5 grams sulfa quinoxaline, 5.0 grams penieillin,

and 12.5 grams streptomyein

5« Control plus 6 grams oxytetracycline, 2 grams oleandomyein

6. Control plus 5 grams oxytetracycline, 6.25 grams sulfa

quinoxaline, 2.5 grams penicillin, and 6.25 grams streptomyecin

7« Control plus 2 grams oleandomyein, 6.25 grams sulfa quinoxaline,

2.5 grams penicillin, end 6.25 grams streptomyein

The pigs were identified by ear notches according to the United
States Department of Agriculture system of ear notching.

All of the plgs were in apparent good health and in a thrifty
condition, The pigs were sprayed for lice with a mixture of four pounds
DDT in fifty gellons of water at the beginning of the experiment and about
midway of the experimental period, The pigs were also treated for worms
with piperazine just prior to the experiment and midway of the experimental
period,

The basal or control rations were calculated to meet, or exceed
the minimum requirements for pigs as recommended by the National Research
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Council, Beeson et al. (1953), (Table I). The 16 per cent protein ration
was used until the pigs in a lot averaged 110 to 120 pounds body weight
and the 1l per cent ration wes then fed until the end of the experiment,
The rations were fed ad 1lib from "self feeders," All rations were mixed
at the University farm with a2 mechanical mixer of 1000 pounds capacity.
The antibiotics and vitamin premixes were weighed separately and combined
before placing them in the mixer.

hch lot of four pigs was placed in conerete pens S feet by 20 feet
in size and equipped with automatic waterers and "self fnd.ra."' About
10 feet of each pen was under roof and about 10 feet of esch pen was
exposed. The pens were cleaned daily.

All pigs were weighed at the start of the experiment and every
fourteen days until the experiment ended. Feed "weigh backs" were taken
each time the pigs were weighed, When three pigs in a lot had reached
200 pounds of weight the remaining pig wes removed and the lot was con-
cluded, |

The date was treated statistically by the method of enalysis of
variance described by Snedecor (1956).



TABLE I

COMPOSITION OF THE CONTROL RATION

17

%

16 Per cent 14 Per cent
protein protein
Ibl Ib.
Nos 2 yellow corn 731.50 801,50
Soyabean oil meel (Ll per cent) 150,00 100,00
Meat and bone meal (50 per cent) 50,00 30.00
Dehydrated alfalfa meal (17 per cent)

(100,000 units vitamin A per pound) 50,00 50,00
Dicaleium phosphate 10,00 10,00
Salt 5.00 5.00
Trace minerals premix 2.00 2,00
B vitamin supplement® 1400 1.00
Vitamin By2 supplement® 0.25 0425
Vitamin D .upplanmtc 0025 0025

1000.00 1000,00

T e e

SContained 2 grams Riboflavin, l grams Calcium Pantothenate,

9 grams Niaecin and 90 grams Choline Chloride per pound.
DContained 20 milligrams of vitamin By, per pound.
CContained 6,803,500 I.U. vitamin D3 per pound.



CHAPTER IV
RESULTS AND DISCUSSION

The purposes of this experiment were fourfold: 1) To evaluate the
effect of a new antibiotic, Oleandomyecin. 2) To evaluate the efficiency
of a combination of antibiotics. 3) To evaluate the effectiveness of a
combination of antibiotics with the inclusion of a sulfa drug, sulfaquine
oxaline, 4) To compare the advantages of the above against a control
ration and a standard antibiotie, terramycin (oxytetracycline) as growth
stimlants for growing-finishing swine.

Under the conditions of this experiment the data for average daily
gains did not show any statistical significance between treatments for the
entire feeding period or for the period from 46 pounds to 112 pounds of
body weight. However, the 10 gram per ton level of oxytetracycline gave
a 3.92 per cent increase in average daily gain over the controls, the
combination of oleandomyein, streptomycin, penicillin and sulfaquinoxaline
gave a 3.27 per cent increase and the combination of streptomyein, penieillin
and sulfaquinoxaline gave a 0465 per cent increase. Oleandomycin gave a
decrease of 9,8 per cent in average daily gain as compared to the controls,
the combination of oxytetracycline, streptomyein, penieillin and sulfa-
quinoxaline gave a decrease of 5.88 per cent and the combination of oxytetra-
cycline and oleandomyein gave a decresse of 1.96 per cent. The performance
of the individual pigs is given in Table III and the summary is given in
Table II.

The feed utilization was generally satisfactory in all groups.

There was no statistically significant difference between treatments. The
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average daily feed intake per pig was generally uniform for all the lots,
averaging 4.63 pounds per day. The feed per pound of body weight gain
averaged 3.27 pounds.

Luecke and Hoefer (1958) found that levels of 20 grams of penieillin,
50 grams of streptomyecin and 50 grams of sulfaquinoxaline per ton of feed
improved the average daily gain, However, they did not get any response
from levels of 12,5 grams streptomyein, 5 grams penieillin and 12,5 grams
sulfaquinoxaline., In this experiment a 3 gram level of oleandomyein was
used while they used 10 grams of olesndomyein per ton of feed. Ten grams
of oxytetracycline was used per ton of feed in both experiments. Even at
the high levels of antibiotics used in their experiment, Luecke et al.
found neither terramyein nor oleandomyein to have any effect on the growth
of pigs used in that study.

Jordan et al. (1958) thought that the continuous feeding of antibiotics
had probably changed the kind of miecroorganism which normally inhabit the
intestinal tract, resulting in a decrease in antibiotic response., Therefore,
a combination of antibiotics would result in a greater response by affecting
& larger number of bacterias than a single antibiotic would effeect. They
used arsonicals, sulfaquinoxaline and antibiotic combinations. One such
combination of antibiotics was 3430 grams of penieillin, 8.38 grams strepto-
myein and 8,38 grams of sulfaquinoxaline per ton of feed. Pigs fed a
combination of penieillin, streptomyein and sulfaquinoxaline from 35 to 177
pounds gained 18 per cent faster than control pigs fed no additives. This
data is at variance with those of this experiment. Similarly, a combination
of aureomyein, bacitracin, penieillin and terramyein in the feed resulted
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in an increase of 9.8 per cent in rate of gain, while pigs fed with a com-
bination of bacitrain and penicillin geined 6.8 per cent more than controls.
A combination of sureomyein, bacitracin, penieillin and terramycin gave a
2.7 per ecent increase in feed efficiency, All other combinations had little
or no effect on feed efficiency.

The data in this experiment with streptomyein, sulfaquinoxaline and
penieillin combinations showed that there was no perceptible difference
between the controls and the treatment groups, However, the average daily
gaing of pigs in this study compares very favorably with those obtained
at Michigan and Purdue, while the daily feed consumption for the pigs in
this study was slightly less than those of the other mentioned studies.
Data on the feed utilized per pound of gain were 3.27 pounds of feed per
pound of gain in this study, in the Michigan study it was 3.3 pounds, and
in the Purdue study 3.4 pounds,

Magruder et al, (1958) working with baby pigs to evaluate the growth
promoting effect of oleandomyein, obtained average deily geins of 0.82 to
0.87 pounds with levels of 10, 25 and 50 grams per ton compared to the
gains of 0,73 and 0,70 pounds made by the controls, This was a small
growth difference (0.09-0.,17) in spite of the larger levels of the anti-
biotics fed than in this study (3 grams). In two additionel experiments
with doses of 2.5, 5.0 or 10 grams per ton of oleandomyein or oxytetracycline
at 50 grams per ton they produced growth increments of L to 8 per cent,
while a combination of oleandomyein and terramycin 2t these levels produced
growth inecrements up to 20 per cent, In experiments with growingefinishing
swine, their controls averaged 1.32 to 1,66 pounds per day and with the
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addition of oleandomyein at 2 to 10 grams per ton they obtained growth

responses of just 1 to 6 per cents The combinations of oleandomyein and
terramyein resulted in inereases from L to 6 per cent., These investigators
found the feed efficiency responses to be more varisble and of lower magni-
tude than growth effect. These findings do not agree with those in this
study. The limaturo. shows work on feedirg trials to evaluate this new
antibiotic, oleandomyein on swine, was done by Magruder and associates
(1958), and Luecke and Hoefer (1958), while Reynolds et al. (1958) fed
oleandomyein to lambs and steers. Luecke and Hoefer at Michigan found
oleandomyein had no significant growth effect on pigs as was found in this
study.,

With respect to the effectiveness of a combinstion of antibioties
the results obtained are not perceptible, Similerly, the addition of
sulfaguinoxaline to a combination of entibiotics has not been encouraging.,
The combinations of sulfaguinoxaline with oleandomyein, penieillin and
streptomyein gave an inerease of 3,27 per cent faster growth over controls
whereas other combinations of antibiotics, namely, sulfaquinoxaline,
penicillin and streptomyein, oxytetracycline and oleandomyein; and oxytetra-
cycline, sulfaquinoxeline and streptomyein failed to provoke an improved
growth response. From the studies of Luecke and Hoefer, it would seem the
levels of pemicillin, streptomycin and sulfaquinoxaline used in this study
were too low since they were able to obtain growth responses with this
combination of feed additives only with high levels. The response with
oxytetracycline, which is an antibiotic commonly used in swine rations,
was also very small in this study, resulting in en inecrease of 3.2 per cent
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over the controls, Lastly, the growth rete of pigs fed the control rations
seemed to be quite satisfactory as compared to the other treatment groups.

From the data of the results obtained in this study the following
are evident: 1) Pige on the control ration seemed to do as well as the
antibiotie treatment groups. 2) Terramyein, generally an effective anti-
biotie for swine, showed little response. 3) The efficiency of feed
utilisation was quite satisfactory for all treatments, L) The growth
stimulating effects of combinations of antibioties and sulfaquinoxaline
were not evident,

A review of the literature on antibiotic supplementation in mutrition
over the years shows that some research workers heve noticed 2 decreasing
difference in the rate of growth in pigs now fed antibiotics and those used
as controls, There is a trend of thought that continuous widespread feed-
}'mg of antibiotics in swine rations has probably modified the kind of micro-
orgenisms that normally inhabit the digestive tract or have caused still
further internal ecological alterations and that the intestinal microflora
have adapted themselves to the changed ecological alterations, As 2 result
of thc inerease in the modified microorganisms, or the new adaptations of
the microflora to the changed ecolosy brought about by widespread antibiotic
feeding, the responses now to antibiotics are not what they were before.

In other words, an antibiotic response is less, or is inereasingly deminished
in a place where antibioties were in use for a period of time, The converse
will also then be true, namely, the response can be high in an area where
antibiotics are used for the first time., This situation can be explained

in two ways. In one case the continuous feeding of antibioties to swine
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in quarters where pigs are fed and housed can cleanse the premises of all
contaminating orgtnius (as antibiotic effect on microorganism can be as -
effective in vitro as in vivo) in such a way that there is less and less
ingestion of eontamination both in controls and antibiotic treated animals.
The consequence of this condition is that pigs not fed antibiotics (controls)
will manifest a high degree of growth rate, better finish, freedom from
skin and other internal and external ailments and would grow as fast as
antiblotie treated ones. Obviously, the differences in the rates of growth,
finish and uniformity in the two lots will appear less and less palpable,
The real position in this test is that both the controls and "antibiotic-
fed" groups are growing faster.

The other explamation for less antibiotic response in growth of
animals following their long use in an area may be that the modified miero-
flora of the intestinal tract have acquired the ability to tolerate amtibiotics.
This is not a new concept as situations like this do oceur in nature. Field
entomologists and workers have observed & high degree of tolerance in
mosquitoes and flies to D.D.T. in an area where D.D.T. had been used for
some time where previously D,D,T. was lethal., BAntibiotic resistance strains
of streptococei and staphylococei have been identified. If this was not so,
most of the organisms responsible for lowered growth rate, should have been
eliminated with the widespread use of antibiotics since 1949. But nature
has the subtle ability to overcome biological perils to protect the different
forms of life and their continuation.

Again, the degree of response to an antibictic seems to have a direct
relation to the extent of contamination. Bowland (1955) showed that
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contamination of quarters in which pigs are fed increases the response to
aureonyein, He showed pigs fed aureomyein in gquarters previocusly used by
pigs geined at the rate of 1.29 pounds daily as against 0.96 pounds gained
by pigs kept in the same premises and fed the same ration without sureomyein.
While there was only a 3 per cent increase in weights in pigs fed aureomycin
over those not fed the antibiotic when the pigs were guartered in a clean
premise not used by pigs previously. The early work of Coates et al. (1951)
with chicks to study the mode of action of antibiotiecs is another work
that supports this view., Speers et al. (1950) have reported a short
experiment where healthy pigs did not respond to inclusions of aureomycin
in the ration, ‘

In general, antibiotics impart their meximum influence under certain
stress conditions. Such stress conditions are poor sanitation, poor rations
and other similar situations which tend to reduce the vitality of the
animals, Bowland (1955) and Carpenter (1951). These conditions are more
common on average farms than in experiment stations such as the one in
which this study was made. The largest response to antibiotic feeding has
been observed on average farms, Braude et al. (1953). In this experiment
practically all visible or apparent stress conditions were removed as such
and thus the responses obtained to antibiotics fed were perhaps less.

Again, the responses to antibiotic feeding is most perceptible under
high disesse-level conditions, Carpenter (1951), Carpenter and Larson (1952),
and Catron et al. (1950). As this experiment was conducted under very good
sanitary conditions, the degree of disease level was far less than what it
is under average farm conditions. Perhaps this can also be a reason for
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the low entibiotic response in this study, Jones (1959) observed that

aureomycin or hygromyein B had no significent effect on rate of gain in

his experiments conducted on pigs in the same farms., Differences in average

daily gains or feed conversion between treatments or replications within
treatments were not significant in the study. Research in the use of
antibiotics in animal nutrition has shown that the degree of antibiotiec
response in swine feeding is influenced by the type of rations fed. When
pigs are put on a ration that is well balanced and nutritious they will
respond less to antibioties. Even with good rations the responses seem
to vary, depending on the kinds of feed used, Heidebreeht et al., (1951)
and Burnside et al. (1949). These factors may heve played a part in the
good growth rate in the control lots of pigs and satisfactory feed utili-
zation by the pigs in all treatments and in the lack of response from the
antibioties.

Aceording to Carrol and Krider (1956) "pigs that weighed 50 pounds
increased their weights to 75 pounds at a feed cost of only 347 pounds of
feed for each 100 pounds of gains made, while pigs that weighed 125 pounds
inereased their weights to 150 pounds on 392 pounds of feed per 100 pounds
of gain.® The feed consumed for 100 pounds of gain in body weight under
all the treatment groups sveraged only 320 pounds in this study. In the
same token the growth stimulating effects of combinations of antibiotics
used in this experiment cannot but be what they were; namely, the effects
of these mixed antibiotics and sulfaquinoxaline have been masked by the
intrinsic effects of growth resulting from good management, low disease
level and balanced rations fortified with vitamins and minerals.
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From the results of the treatment with oleandomycin, one inference

to be drawn is that its antibiotic growth stimlating effect does not
surpass that of a standard antibiotic, terramyein, usually used in swine

rations.



CHAPTER V

SUMMARY

In this experiment fifty-six weanling Duroec and Hampshire pigs
were allotted to fourteen lots on the basis of weight, sex and breed, Two
lots of four pigs each were randomly assigned to each of the following
treatments:
1, Control
2. Control plus 10 grams oxytetracycline (terramyecin)
3. Control plus 3 grams oleandomyein
4. Control plus 12,5 grams sulfaquinoxaline, 5 grams penieillin,
and 12,5 grams streptomyein
S+ Control plus 6 grams oxytetracycline, 2 grams oleandomyein
6+ Control plus 5 grams oxytetracycline, 6.25 grams sulfaquin-
oxaline, 2,5 grams penicillin, and 6.25 grams streptomyecin
T« Control plus 2 grams oleandomyein, 6.25 grams sulfaquinoxaline,
2.5 grams penieillin, and 6.25 grams streptomyein
Under the conditions of this study there was no significant difference
between the different treatments in the average daily gains of pigs. However,
the combination of oleandomyein, sulfaquinoxaline, penicillin and strepto-
myein gave a 3.27 per cent faster rate of gain over controls and terramycin
gave a 3,9 per cent inerease in rate of gain over controls. The feed con-
version was generally satisfactory for all treatments., There was no
significant difference between the different treatments in the pounds of
feed required per pound of gain., Oleandomycin did not show any perceptible
growth stimulating activity over control, oxytetracycline or the combination
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of antibiotic treatments, The combination of antibiotics with the addition

of sulfaquinoxaline did not give a response over oxytetracycline or over
the controls in this study.

The pigs on control rations performed as well as the treated
animals.,
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