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IHTRODUCTION

The finding thet certain antibiotics stimulate the growth of chioks,
poults, and other rapidly growing enimals when included in their diete hag
aroused mueh interest among investigators in the fields of nutrition, chome
istry, end biology repgarding the exact mode of action involved, The elue
cidetion of the mechanism of antibiotiec growth stimulation, angide from the
rubritional implications, would indeed be a wvaluable contribution to the
field of human and veterinery msdiecine.

In & relatively short period, after the announcement by Stoksted end
Jukes {1980) that orysbtalline aureomyoin was effective in promoting the
growth of chicks, numerous reports became availeble on the effiocscious use
of such antibiotlos as penieillin, sureomycin, terramyoin, becitracin, and
streptoryein in animal feeds. The beneficlal effects of these antibiotics
on the growith of shicks, poults, and swine led teo thelr wide acceptance as
dietary suppiemenie by the feed industry. The value of antibiotic fesd
suppiements approaches the figure of $30 million per yesr and sales of
antibiotics in the purified form for veterinary use are estimated at 56
million {lLagier, 1951).

Several entibiotics which differ chemlsally havs been reported to
serve as crowth promotants. Some work hes showm that injected moleties of
antibioties, ineluding those having antibseterial sotivity and those which
have been rendered inactive by heat or enzymatiec activity, are devoid of
prowsh promoting properties. Acgcordingly, it is believed that antibioties
exert their effect indirsctly through alterations of the intesgiinal microe
flora of the host instead of furnctioning me a motabolite per se.

The main theories pertinent tc the mode of action of antiblioties in



promoting growth may be listed as follows: (i) antibiotics have e statiec
effect on certain intestinal microcorgeanisms, the mewitabelie by«products of
which are detrimental to the growth of the animal, (2) the drug prevents

the excessive proliferation of certain intestinal microorganisms whish
compete with the host for sssential nutrilites, (3) se & result of dietery
administration of antibioties an imbslance of inbegtinel baoterias is esge
tablished whereby certain surviving organisms produce an ag yet unidentified
growth fector, (4) large amounts of known nutrients are synthesized for
intagtinal adsorbtion thereby benefieially affecting the host, snd (5) anti.
bioties funotion %o bring sbout physical changes within the intestinal tract
to enhanoe the absorption of nutrients.

Farly studies by Komoser st al. (1952) revealed that three intestinal
miercorganisms appeared to bs affected when antibioties were edminictered
to ohicks. %hen antibioties, esreoisily procaine psnielilin G, were ine
ciuded in the diets of ohieks at s level of 150 ppm, an incroase in the

numbey of isercbacter aerogenes and Fgoherichia coll normelly present in the

ceca was noted. when no antibioties were administered, and when chiok

growth was especially poor, high numbers of Laetobaeillus bifidus were ob-

served. This organism wag rarely seen in birds which resnonded favorably
tn antiblotie treatment.

Consequently, this investigation wes initiated in en sffort to deterw
mine if these three organisms e¢ould be definitely related to the overall
machanism of antibiotie growth stimulation, or if their appearance wasg only
solneidental ..

Hxperiments were performed wharein wvariocus maghes were fermented with

Asrobacter smercgenes and used as supplements in c¢hick diets. The effect

on ehiek growth of orally administered preparations sontalning viable, pure



cultures of A. serogenes, L. coli, and L, bifidus was investigated. Studies

were also performed to determine the effect of envirommental and dietary
influeness on the growth response of ehiocks to antibliotiecs, viable micro-

organisms, end a combination of antibioties and viable microorganisss.



KEVIEW OF THE LITERATURE

The Use of Antibioties in Poultry dutrition
Following the disoovery that vitemin Byp wes amctive in replaeing a
substantial portion of the feetor present in animal proteins which is nec-
essary for the hatchability end growth of chickeus, on intensive search
wag begun for & readily awailable scuree of this vitamin which would profite
ably lend itsell to incorporation into animsl feeds. The lLederle group,
uging e chick assay, found that the residue from mashes which had bheen

fermonted with Streptomyvces aureofaciens, in the preparation of aureomyein,

was an excellent gourcee of vitamin Bz and, in fect, found that this sube
stance pave better growth thsn did orystalline Bjp (Stokstad et al., 1948).
This added response was ascribsd to o second "animel protein factor" dut
further investigabion led to the announcement by Stoksted and Jukes (1950)
that the addisional factor present in the ferwented product wes due to the
pregence of residual amounts of sureomyein whish was not rewoved by the
extraction prooess.

The effect of various antibiotics on the growth of chicks and poulis.

In an early report, Priges st al. (1944) stated that sulfasuxidine and high
iovels of ascorbic acid sbtimulabed the zrowth of chicks when these drugs
were added to purified rations which were adequate in all nutrienks then
known te be required. Noors et al, (1948) also found that strevtomycin, as
well as sulfesuxidine, could stimlate the growth of ehicks. Thess early
accounts appeared at & time when cost end svailebility of entibictics rene
dered noneprofitable their inelusion into animal feeds. Howewer, intorest
in the use of antibliotiece szs feed szuprlements wes renowed when Stoksted end

Jukes (19%50) reported that crystalline sureomycin favorably affected the



growth of chioks. Whitehill et 8l. {1850) added 100 ppm of peniecillin to
a8 ocorn~govbean type diet and found at the end of four woeks that ehick
growth weg increased. HeGinnis et ales (1950) showed tnat streptomyocin gave
supplemental growbh stimulation to eonicks amd woulte sbove thet which was
obteined with the control diet. Hoore et al, (1946), and iater Groschke
and Evans (1550) also reported thot erystaliine streptomyein would stinu-
late the growth of chicks. In eddition, the si'fectivensss of becitracin
in the stimulation of the growth of chicks was demonstrated vy Kramke

and Fritz (195l)., These investigaters found that this antibiotic afforded
optimum growth stlmulation of chicks to four weeks of age when the level
inoluded in the dist was 10 pom.

Based on this preliminery work, experimentation with ievelis and
other conditions which would eilcit optimum resulte with variocus erystalline
sntiblotics was initiated.

Bird ot al. (1951) found that the addition of 250 ppm of crystaliine
aursomycin to an all-plant orotein ration stimulated the rapid growth eof
chicks to six weeks of age. 'fher this tlvwe, however, the growth rete was
sharply reduced by the complete withdrawal of the antiblotic. Comtes e% al,
(1951a), using 285 »7m of orystalline aureomyelin i1 the diet, obbained excele
lent resuite and Ingrsm and Edger (1951) reported that thils antibiotie gave
a growth regvonse of 20 por ocent over the besal ration st four weeks. Scott
et al. {1981) obtained no resvense te 15 Hpm aureocxye in when it was added
to a test ration cocasisting of ground seran, soybesn oil wmeal, IN methionine
and minersls end known vitaming. llowever a definite response to the antie-
blotic was obteined when corn distillers' sclubles, condensed fish solubles,
and whey and butyl fermentation sclubles were alsc pres«nt. These results

seem to indicate that the c¢rude supplements wers supplying a fastor which



was necessary for the antibliotie resgponse, A sgimilar relationghip was

found ¢to exlist bebweoen mnbibiotic regnonse and the presence of c¢ruds Bup-
plements in the diet by Bird (1951), who reported that strevtomycin gave

v optimel response at a level of 40 ppm durdag the first {ive weeks of
growth if fish meal was present in the dist but much higher levels of the
sntibiotic were needed on an all-vegeteble protein ration. Flem et al.
(19518) reported that chickens at ten weeks of age which had boen fed an all
varetable retion supplementad with 3% ppm of proeaine penicillin were larger
than those birds which received no antiblotic supp;emsnt’

Keynolds et al. (1951} compared levsls of 2 and § ppm of penicillin
and terreumyecin in chiek dists and coneluded that thse twe antiblotics were
optimally effective at the lowest level used and compared idsntically with
esch other, gram for gram, in gso far as prowth promeoting activibty is cone
cerned. Framke end Fritvz (1881) fed graded levels of several antibiotics
in praectical starting ratlons tc e¢hloks and poults. Aurevmycin, bacitracin,
senieillin, and terramycin gave opblimum stimulation at a level of 10 ppme
Penicillin at a level of [ ppm wax more effective than any of the other antie
bioties. laxlimau percentage galns, amounting to about 20 per cent with
chicks and slightly higher with burkeys, were observed at about four weeks
of age. When streptonyein wae added at & level of 66 ppm t0 a cornesovbean
0il meal type ration, Atkinson and Coueh (1951} cbserved that the growth of
poults was sbimulated by about 15 ner cent at eight weeks. In a series of
exveriments involving five replications, satterson et el. (1252} found that
rale chicks fed procaine pemicillin at & lovel of 2.2 pum for eight weeks
weighed approximately 16 per curt nmore then thelr respective controlg. The
regponse obtained with penieillin wes preater than that obtainsed with eoupsr~
able levels of sureonmyein, streptomycin, terrsmycin, and bvacitrascin, Tthe

percontage galin in every instance was deoreesed when 2.5 per cent fish umal



was included in the diet. The data suggest that the better the quality of
the ration with respect to protein and vitaming, the less the response to
antibiotic.

The exmct opbirum level of any of the antibliotics necesssry to slieit
maximam growth regponse has nobt heen conslusively determined. However,

2-5 ppm of penieillin and &~10 ppym of terramyein, bacitracin, sureomyecin,
or streptomyein ave now pgenerally used when the pregence of an antibiotic
in a practical poultry ration is desirabls,

Awmong, many other investigators who have reported that entibiotics pro-
mote the growth of ohieks and poults sre: Branion and Hill (1281}, Jeuser
snd sorris (1951), end Waibel et al. (1952a),

Agide from influensing zrowth, antlbloties heve algo hesn reported to
sxert other effects when included in the diets of poulitry. BSome of the more
inmportant aspects of these featurses of antibiotics will be reviewed.

The effect of antibiotics on ths elficieney of feed utilization of

ehicks and turkey voulte. 3ome investigetors have reported that antibiotics

favorebly influence the effieisnoy of feed utilization by poultry while others
have reported negative resulta. After 11 weeks, berg et al. {1850) found

that chicks which were fed & corn-soybean oil msal type dist eontaining

€.8 per cent fish wesl with or without .25 per sent sureomvelin feriwntation
product required approximutesly 3.0 prems of feed por gran gain in weight,
liowever, they conoluded that the entibiotiec sunplement enhanced feed utiliza-
tion gince those birds which were fed this product were one=fourth pound
hesvier than the controls. Biely et al, (196la) slso showed that definite
increases were obtained in the efficlency of fesd utilization by chicks whieh
wore fed diets containing an sureomyoin fermentation nroduet. Similar re-

sults were obtained by Scott and Glista (1950) and frosehke and Fvans (1950),



Bird et ai. {1951} presented results which indicated that crystaliine aureo-
myein (20 ppm) improved the feed conversion rate of groups of chicks st the
end of four and six weeks which were fed protein levels of 15, 17, 19, and
21 per ceal.

Negative sffects of penieillin, strepvomycin, snd sursomyoin on the
fesd efficiency of echicks after eight weeks were reperted by liewang (1952).
Yo differences were obtained by Cerpenter and Duckworth {(19£2) in foed effiw
clisnoy retes between groups of birds whieh were fed dlets with and without
sureomycin for 21 wooks.

The gpering eifeet of entibiotics on the requirement of poultry for

protein, imown vitemins, and unidentified prowth factors. .weGinnis (1881)

raported that poults which were fed diets conbtaining 24 per cent protein

and supriemented with poniecillin weighed epproximstely the sems at {our weeks
as those birds which were fed diets eontaining 28 per ceant protein but no
antibiotie. Jones and Combs (1551) noted & sparing effect on the dietary
requirement of the chiek for tryptophane but not lysine when aursomyein was
added to diets which were sub~optimal in these amino aeids. Scobt et al.
{1952 alsoc sbudied the influence of autibiobtis on the protein requirement
of the cuiek, Liets were fed which contained 20, 1%, and 14 per cent protein
respectively with and without 15 ppm of aureomycin. In the presence of the
antiblotie, geains were more rapid at the l4 and 17 per ocent levels of prow
tein than they were in the absence of the antibiotie. However, the improvee
vent in protein efficiency was no better than the improvement in overe-all
feed efficlency. 1t was eoncluded, therefore, that thsre was no evidenece

of 2 proteine-sparing action of the antibiotie. ihen an aureomvein feed supe
plement was added to ohiok diete whieh contained 15, 17, 18, and 21 per cent
provoein, samchlin et al. (1852) noted that et four and eix weeks maximal

weights were cbbtained at the 19 per ceni protein level, {n the othsr hand,



when no antibiotic was inoluded in the ddet, greater gains were ohserved
in the groups of birds whieh were fed the 21 per cent protein diets, when
they were ocomparsd with those birds whioh were fed lower levelsg of protein.

The fuzctlon of antiblobics in promobiag the growth of chicks is, in
all probability, mltiple in nature., lHence, the statement that protein 1s
gpared por s¢ iz nol Justifiabis. The appareat sperlng of dletary protein
could result from an alteratiou of the intestinal microflura by the antie
blotie, If this dors vceour, ¢ gynthesis of individusl eminc seids which
are l1imiting in the low protein diets would appear likely. This theory is
further substantiated by experimentsl evidence wileh sugrests that antie
bloties aiso spare the dietary requirement for vitamins,.

Olegon ot al. (1980) and Stokatad snd Jukes (1951) reported that aureo-
myein exerts a sparing effect on the requirement for vitemin Bys by the chiek.
Poor growth wus observed by Biely and ¥areh (1661b), when a semi-purified
retion deficient in folic aeid, ribofiamvin, and nicotinic scld were fed to
chiocke. iowever, the addition of aureomyein to the deficient diets pro-
dueed chiocks heving weights similar to those birds which were fed the camplete
basal ration. Slinger et al. (1952a) observed that the progeny of dams
which vere fed penieolllin prew more rapidly then progeny from dams whiech re-
ceived no antibliotis, irom this they suggested that penicillin may bring
about increased synthesis of vitamins in the imtastinal traet of the dam
whioch are subsequently deposited in the yolk and ubtilized by the developing
chick. Waibel et al. (lgﬁzb) indireoctly meagured the spering effaect of pen-
i6illin on the reguirement for bictin and folic seic by finding incressed
amounts cf these vitamins in the egge of dams fed this antiblotie. Common et al,
(1980) found =i increase i ribeflavin contert of the blood of nmullets whioh

were fed mureomytin. Ross and Tecowits (196562) used diets subeoptimal in
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vitamin D and reported that panicillin seemed to decrease the ampunt of
this vitamin necessary for normal bone csleificstion.

Additionel evidencs whieh lndicates that entibiotics spare the dietary
requirement for certain B vitamins vms presented by Blayloeck st 2l. (1952},
They found that sursonmvein and penicillin ineremsed the srowth rate of
chickes which wore fed diets inadequate in riboflavin, choline, and vitamin
Byo but, the antibiotics were without efflect when the diets were inadequate
in pyridexins, nantothenic secld, »r niscin., shen diets vhich were deficw
ient in nisoin wore Prd Lo chicks, Uelson and Ceott (1582 concluded that
neithsr penieillin nor mureomycin snared the niacin requirement or accente
uated nisocin deficliency.

Unidentified faoctor motivity has been aseribed te the Tollowing erude
supplements: figh meal (Weise o% 8l., 1940); fish soludles (Sunde et al,.,
1880); dried brewera' yeast, whey, aund certain liver products (%enge et al.,
1949); water exbtracts of leafy green vegetadles (Xohler and Graham, 1951);
end revently, in dehydrated alfalfa (Vavieh et al., 1553). Soms reports have
appecraed which indicate that antibiocties gpare the factors vresent in some
of these sunnierents,

Jones and Combs (1951) renorted thet either penicillin or aureomyein
ware effective in sparliag the unidentified factorz suppl lad by fish meal,
molasses formentation sclubles, =wd/or dried brewer’s yenst. Likewise, Scott
and Jensen (1952) obteined deta whioh indicated that aureomycin spared the
requireneni of poults for an unlideniilised Yackor not wresent in {ish meal
to a grester exbent than for the unidentified factor suppiied by fish meal.
Vatterson and fMnggen 10F1) found thed rreatcr gprowih responses oould be ob=-
tained with subtibioties when no {"lsh meal wag present in the roation. Aureo=
myein, terreamyein, and sbtreptorreln save responsss wihlon wers statistieally

squimnlent to the basal whiech wos supplemented with 2.8 »or cent fish meal.
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Slinger et al, (1952b) added grass julce concentrate %o a sorn, cet
groats, rish meel type poult dlet at levels of 2.5 and 5.0 per cent.
Penieillin at & level of 10 ppm gave a response in terms of efficlency of
feed utiiiszstion only in the case of no grass julce supplsmentastion or
when 1% was sdded at the 2.5 per cent lewsl. They suggested that »enieillin
cauged lunoreased synthesis of the grass juice faotor within the intestinal
tract or made the factor more readily available {or the poult.

The sparing effect uf antibioties for the distary requirement cf
echicks for vitamins and unidentified growth factors strongly suggest that
the intestiral flora of the host is invelved. In both instances 1t would
appear thet either nutritionally {asstidlous orgaulisms, which require these
substances are eiimingted, or that certemin organisms responsible for the
synthesis of these factors are inoressed in the intestine. The over-all
complexity of the mode of aection of antiblioetices indeed warrant furither

researeh before sny definite conclusions mey be atitained,

The kode of Action of Antibioties in Promoting Growith

The mechanism whereby antibloties swert their effect on prowth is still
not clearly def'ined., Some investigators beliewe that antiblotics or frage
ments thereci exert a vitaminelike action. Uthers state that they eliminate
toxin produeing crganisms from the intestinal tract. The theory has been
proposed that organisms which syanthesize known or unknown growth factors
are ineressed within the intestinel traect of the enimsl whiech is being fed
the antibiotic. I% hes also been propogsed that sub-digesse levels, manie-
fosted only dy body welght, sre sradicated either by growing the chicks in
environments in whieh no chieks have been previcusly raiged or by supplemente
ing the feed with antibiotiecs. Some svidence has peen presented to indioate

that rhysicel effects &re brought about in the animel which rendsr it more
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antibiotics may still be capable of producing changee in the intestinel
bacteria. Favorabie evidence to support this view has been presented in
at least two reporta. Abraham ot al. {1941) reported that injeoted pene
ieillin was exoreted in the intestinal tract and lLarson and Cerpenter
(19562 a) demonstrated thet aureomycin, after injection, is excreted in the
foces of pizs.

A direct attempt was mmde by Luokey (1952) to determine if antibiotics
aot as metebolites. lie found that the admlinistration of sterile snti-
bioties in sterile dists woere insffectiwve in stimulating the growth of
germefrose chicks. (n the other hand, contaninated birds responded favor
ably to distery antibioties. From these observations, it was concluded
that antiblotles are more likely to function through indireet effects on
the intestinel miocrcflora.

Agide from the observetions reported sbove, some work has been perform-
6d which implies that antibiotics eliminate toxin-producing anmerobic bac-
teria in the intestine of the host and thereby permit the aniral %o grow
at a normal rate. Reports have aleo been praesented which intimate thet
other bacteria are influenced and, consequently, act indirectly to oromote
growtsh.

The effect of entibiotiocs on intestinal bavteris, There appear to be

no reports in the litersture wiieh signify thet toxins are mroduced in the

inteetinal tract of chickens by Clostridium perfringens. Ilevertheless,

some investigators have attempted to correlate the reduction or complete
elimination of these baecteria, normally present in the intestinel tract,
with increased growth as a result of administvering antibiotics to chickens
and turkeys. ¥Williems (1950) observed that the oral sdministration of
penieillin or of aureomyecin caused a marked depressgion in the numbsar of

hemelytie toxin~producing aneerobes in the intestinal tract of the chick,
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Similarly, Sleburth et al. (1851) reported that penleillin and terramyoin

irhiblted the growth of ¢, perfringens in the cece of turkeys. Williams ot 2l.

(1981) administered sterile toxine of C. porfrinzens, (typs &), C. septicum,

L. histolytiocum, U. tebtani, £, novyl, and T. vedematolides either ilaler

cloacally, or orally. Thess toxins falled to have an effect on the growth
of cohicks in the presence or absence of sureomyecin,

Johansson ot al. (1962) found thet there was a decreasc in the ine
testinel clostridia of rats which were fed aureongein. Larson ané Cerpenter
(1982 b) 1n work with pigs found that the number of fecal cleostridia was
reduced but that there was no corrslation bstween this cbservation and the
growth of the host.

Observations made by Smyser st al. (1952) failed to lend support to
the enterotoxemia concept since, over a six week period, they obssrved

only a slight depreszsion in the numbers of L. perfringens in the fecas of

chisks which wore fed aurecmycin supplemented diets. iloreover, an incroase
in the number of thess organisms was noted when penieillin was fed. it ia
difficult to concluds from any of these papsrs that the reduction of the
numbers of clostridia is anything other than an effect rather than a cause.
Aslde from salterations in the numbers of thess organisms, many workers
have presented data to indlonte that other speclies of basoteria and thair
numbers are altered materially by the leeding of antibiotics.

sach svidence has been presented whieir shows that intestinal bacteria
can synthesize certvain vitemins. Dam et al. (1937) and Greaves (1939} have
shown thet the synthesis of vitamin X takes plaece in the intestinal tract
of rate. The lnelusion of 1 per oent suifasuxidine in a vitamin E fres
diet produced a high incidence of hypoprothrombinenmia in cecectomized rats,
The fact Hhat this syndrome is alusent when no sulfesuxidine is fed indicates

thet vitamin K is synthesized by organisms which are susceptible to the



18§

drug. (bay et al, 1943). uiller (1945) was able to induece nutritional
deficisney symptomg by feeding rats highly purified diets which contained
suecinylsulfathinzole et lovels of 0.2 and 040 per cent. The symptoms
ware oorrected by feeding blotin snd folic acid. 4 decrease in the nurber
of coliform orgenisme in the feces of the rats was observed when they were
fod the drug. Less biotin, folic avid, and pantothenle acid was oxereted
by these rats then was excereted by those snimels which were not fed the
darug.

Bechdel et al. (1928) reported that ocattle, and pussibly all other
ruminants could synthesize the vitamin B complex in the rumen. Further
work on this partiouler problem has bsen presented by fairbenks and Krider
(1944 a, bj.

Couch et al. {1950} found that the coneentration of riboflawin, niaein,
pentothenic wmeid, bLlotin, and folie aoid was higher in the cecal feces of
mbure shickens and turkeys than it was in the intestinal content of the
same birds. Perhaps there isg & preater degres of baoberiel synthesis of
vitaming in the ceca than there is in the gmall intesbine. Iince, comparew
tively higher numbers of bacteria were f{ound in the cveea by sShepire and
Sarles (1949),.

The oxtreme susoceptibility of certaln intestinal bectsris to some of
the antiblotics kuown to promote the growth of cnicks would indeed lend
sume suppoert to the theory thet antibioties funcﬁién through en alteration
of the intestinal microflors.

Feppler ot al. (1950; observed a marked decrease in the number of colie-
form bacteris in the oecal fsces of puilets wihien were fed & cerbon-adsorbded
polymyxin preparetion, Thie inhivition persisted for several davs safter
the sntivietie was withdrawn from the diet. Jinderson st al. (1942a) studied

the effeoct of proiein levels on the cecal bacteriml flora of enhieckens in



the presence mnd absence of peniciliin and aureomyein. Inersssing the
protein lewel had no effact on ths aerobie bacterial tyvees but the anser=~
obie tyres were decreased. Peniecillin enhanced the coliform and lacto-
baeilll counts and reduced the enteroococi. Aureomycin likewise brought
about an incresse in the coliform types but decressed the lactobacilli up
0o the third week after whiech time these organizms ineressed in nuwmber
within the ceca,.

An inerease in %he counts of A. serogenes and F. eccli was observed in
the ceca of chicks fed diets whioch contained 150 ppm proeaine penieillin G
Homoser et al. 18862)., Thege investigators also correleted the appsarasnce
of high numbers of L. Bifidus in the cece with poor growth. This organism
was deersased or totally eliminsted upon the addition of peniciliin to the
diet. Hosenberg gi‘gi, (1v52) were unable to eliminate or even materially
reduce the bacteriel flora of the intestinal tract of chicks when they fed
lovels of terramyein 16 times in excegs of the recommended amount. In fact,
the enteroeocecl counts wore significantly greater among the groups receive
ing the higher levels of the antibioctie.

¥arch and Biely (1952) studied the effeet of feeding sureomvein on the
bactorial content of chiek feoces., These investipgators found thet the level
of sureomycin whioh is customarily added to ehick starting ratiosns produced
& stabisticelliy significent deeresse in the lsetie scid bacteria. Contrary
to thege findings, Anderson fﬁifﬁ: (1952b) fed to chicks diets whieh contained
torremyein and found increases in the intestinal lactobacilli which were
sorrelated with lmproved growth,

The effect of antibioties on the intestinal microflore wss alsc studied
by Kratzer et al. (1#81) who noted thet the inclusion of streptomycin in
the diets of chicks and poulcs resulted in a H-10 fold inorease in the yeast

nomulation of the intestinal contents. Further expsrimentation pertinent
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to the effect of antibiotics on intestinal beacleria has been performed
by Cook et ai. {1282). These workers fed diets containing penieciilin to
turkey poults and found that lactobacilli counts were reduced by thig troste
ment in the duodenum and in the small and large intestine. Fenieillin
brougat sbout incresses in the eoliform bacteris of the small snd
large intestines whieh ranged from 10-10,000 fold,.

From the reports reviewed in thig and other sections it mey be seen
that antibiotie influence on the intestinal bacteria are indeed diverse
and some of the conclusicns are in direct confliet. In view of the male-
tiplieity of these repcrts snd their wide varisdility, only generalizaw
tione mey be mede. The four proups of intestinal baecteria which seem %o
be implicated with antiblotie feeding ere the coliforms, enterococei, clos-
tridia, snd lsctobmeilli,

Further evidence to strengthen the "bacterial™ soncent hag been
presented by several workers who hove studlied the influences of various resr-
ing enviromments on the response of poultry to antibiotics.

The influence of environment on the growth response of cnicks. 1t was

shown by Coates et al. (1951 b, 1952) that chicks which were raised from
one day to three wesks in guarters not previously used for rearing chiecks
falled to show a response to venicillin. The theory was proposed by these
nvestipators that an "infection®™ was present in those birds which wers
housed in old quarters and, hence, responded to the antibistic. o baecw
terioclogical deta were presented to confirm this postulate. Likewise, Tavis
and Briggs (1951 ) were unable to obtain s response fromw antibictics when
chieks were housed in new quarters.

Bird et al. {(1¢52) also presented evidence whieh supported these ob-
gorvations. They showed thet chieks housed in cld enviromment responded

to aureomycin after one week but no response was apparent until after tnree
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weeks iz 2 new environment, Himilar relstionships, reletive to the zrowth
responge of chiecks to entibioties in old and new quarters, were obserwved

by #1111 et al. (1£58). In addition, these investigators showed that the
totel aerobic bacterisl count in the eesos of the chicks in the old enviroa-
ment wag higher than in the cecu of those birds reared in a new environuwent,
Combs ob al. (1252, unpublished data) have also obtained svidence which show
that envircamental influences are extremely importent in determining ths
effeet of sntibiotics on the growth of ehileks.

Therefore, ouns my conelude that sll investigators are in arreement
with the observations of {oates et al, (1851 b, 1952}, Althourh these
reports Purther substantizte the theories of the microbial effectz in antiw
biotic growth response, more work 1ls needed to elueidate the ocsusative
egents of the ss-called "infections”.

The effect ¢f antibiotics on the abgorption o»f nutrients. Another

approach relative %o the mechanism of antibiotle growth stimilation aside
from the influsnces of antlblioities on the microbial flora has been propoaed
by seversl investigators. Cordon {1252} morphologically compared birds
which were fod antibloties snd no antiblotics in perm-free and conventional
envirouments, No speclal effecits of antibloties were apoparent in the germ-
fres group. fowever, preliminsry histelogleal findings revesled that the
intestinal well of econtamineted, conventional birds fed antibiobies was
thinner than i% wes in those birds which received no antibiotic, This finde
ing sugrests thet perhaps absorption of nutrients throupgh the intestinal
wali is wmore efficient when antibioties are fed.

The work of digleovsky ot al. {1951) has shown that nenicillin erhunces
the absorption of eceleium. Tn addition, “enper et al. {1951) noted that
aureonvein lowered the inecidence of perosis in chiecks which were fed diets

limiting in manganess. Soss and Yacowits (1U52) fed chicks 8 corn-soybean
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0il meal type diet with greded levels of 4, &, 30, and €600 1I,U, of

vitanin &8 ner 100 pramsg of diet with and without peniciliin. 4t thres
weoks there wag no evidense of 8 snering effeet ou the vitamin U require-
ment., Fenieillin did emusge g sipnificent inecresse in the per cent bone ash
at the 8% and 30 1,U, levels of vitarin I, These rssults indicaies that penw-
icillin decreusged the vitamin D regquirement for normel bone caloificstion,
The increassd sbhsorpticn of minerals may be related to the observebions of
inderson et 8l. (1952a)who recorted thet entibicties in chick diets lowered
the pil of the ceecsl contents.

Mther evidence hag been preseanted thet the rate or complebeness with
which nutrients are absorbed hes s direct effect on the growth of the chiek,
Hly {108l ) pregented date which asoribed & growth vromoting action to strong
gurface setive sgrents. Since these mrteriels slter surfece tension, it is
logical to mssume that the rate of absorption is effected. Stern ot sl.
{1962 ) were not able to obtein & stimsletion of srowth with surfactants,
sithough penleillin in vitro did net lower the surface tension of feed, the
antibiotic siznificantly lowered the surfece tension of ths intestinal con-
gente., These workers concluded thet ths aetion of antibistlics which stimue
lstesg growth alsoc lowers surface tension.

The effect of dietary supplementation or oral sdministrotion of micro=

orranigms, feces, and fecal nrensrations on the crowth of chicks and turkey

in

noults., The orel administreticon of either prenared mi¢croorpanisms or cerw
tain dietary supplements whieh nltimstely alter the intestinsl uacteris are
by no mesns new methods of studying the reletionships between intestinal
microorgenisms and nutrition. The work of Rodelile (1805;, fdttler (1508),
ond Bshrdt and Peifeld (1910) swonp reny others, led these guthors to the
conelusion thet the diet plays & very importent role in the deternination

of the tvpe of inbtestinel wicroorcenisms which will opredominets. FHetiger
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end Horton (1214) revorted that organisms of the acidopbilus and bifidus
tynes congtituted BH«S90 per cent of the flors of roats which were fed & diet
consisting of stareh, lerd, and purifisd proteinc, HIll and Hettger (1917)
neted that the daily administretion of 2«3 grams of lactoss to huran sube
Jects resulted in an seidurie intestinel mioroflors within 2 or 3 davs,

Since Kratzer et al. (1952} obserwved a £-10 fold inereass in the in=
testinal yeast vopulestion of chisks and poults which had been fed diebs
surplemented with strevtomyein, they pesrformed experiments to further
determine the role, if any, which these orgenisme pleved in the pgrowth pro-
moting action of the antibicbic, A yeast tentativsly identified ss Candida
tronicalis was isolated from the iatestinal contents and feces of poults
which had been fed a diet econteining 50 »pnm strepbomysin, Wnen large masses
of the cultiveted yeast cells were fad back to ehlcks and voults very slight
ineresses, if amy, were noted in some trisls.

Bieburth et al. (1282) investipated the ef'fects of fecaml susvvlements,
culturse of fzoal orpanisgma, and antiblotie treetments on the yrowtn of
turkey poults. “When poults ware allowsd access to feces {rom monthecld
poults whioh were fed e basal diet, no growth depressing sction was observed.
Diedary supplementetion with & culture of the turkey feces tended to depress
growthe This deprsssion waes overcome by autociaving the culture or adding
to it & oom of proesine penieillin., These resuits indicste that one or seve
eral microorganisms present in the turkey feces wseg incressed in the broth
eul ture and exerted a growth depressing effect,

It wee found by Hemoser ot al. (1982) that T, coli and 4. serogenes
were incressed in mamber in the ceca of chicks which had been Ted vroeaine
oenleillin ¢ et & lovel of 150 pom. Higher numbers of these miercorganisms
wore coineident with increased growth, On the other hend, hign numbers of

L+ bifidus were coincident with poor growth, Laotcse further increased the
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numver of these corganisms in the ceca when it was fed in the diét nt levels
of from 1015 per ¢ent, snd ehiecks crowth was further depresged, wWhen lac-
tose was fed in combinsticn with peniclilliin, these orpanisms were almost
comvletely elirdnsted from the ceecal eontents and the rrowbh of ehicks on
thig dlet exocelled thet of ehicks which were fed penieillin alone., If

E. ¢oli =nd A, serogenes asre responsidle in whele or in part for sthe growth

response 0f chicke fed antibloties, then it is logicel to zssume that the
oral sdministration of larpge numbers of these orgenigms to the chicks might
show a definite stimulation of grewth., If the high lectobeeilli eocunt, on
the other hand, is responsible for s depression in growth, likewise, the
administration of large numbers of these organisms with subsequent growth
depression would further imply that they are denying the host of ossential
mitrisnts bseanse of their fastidious nature, and are, therefore, depress-
ing the growth of the host.

The majority of reports in the literature at the time of inception
of this oroblem {June, 1851) ascribed an important role to intestinal micro-
organisms in the over-all mode of action of antibioties in promoting growth.
Hused on these reports and, iz rarticular, oreliminary findings which seemed

to mssociate F. eoli, i. serogenes, end L. bifidus with antibliotie growth

stimuletion, the investigation reported in this thesls was initlated.



EAPERIMUNTAL PROCEDVRE

I. iwthods Used in Rearing Chiscks

Throughout this investigation, unless otherwise indicated, 15«20 day-
old New Hampshire chicks of both sexes were used per experimental group.
The ohicks used in experiment 2 werc the progeny of dams vwhieh were housed
on reised wire floore and fed a ration which was complete in all known
natrients but contained no animal protein supplements., The degignation
"deficient chiocks"™ has beern assigned to this type chisk beoause, based on
other studies, they are considered to have sub-optimal "carry-over" of
unidentified growth factors., The ghieks used in all other experiments,
howsver, were progeny of dams maintained on litter and fed a complete
breeder ration.

tzeept in experiment 15, the chloks were raised in ¢leotricelly
heated, wire-floored battery brocders. In experiment 18, the chicks were
reared at the University of Yaryiend poultry ferm, in floor vens and fresh
wood shavings were wged for litber, In addition, heat was supplied by
alectrically heated hovers.

The day-cld enieks were individually wingebanded, divided into groups
of uniform weight, and placed in bettery broodsrs. Weighings were rede of
individual chicks at weekly intervals., 7xeept in experiment 15, o four
week exparimenteal pericd was used. In experiment 15, an eight week trial
pericd was used.

The bmgal diets and the experimsnts in which they were used srs pree
sented in tables 1, 2, 3, snd 4. Diste Cl«l, C5-2, and CS5-3 are chick
starter rations which sare composed of corn, soybsan oil meal, and the nec~

essary vitamins end minersls whieh are required by the chiek for normal

erowth, These rations sre congidered to supply sub-optimal amounts of btwo



Table 1

Composition of basal dists employed in experiments with chieks (experi-
ments 1-10, 15-18)

Corn-Soybean Cil leal Type

Nt 5 A e s A SO R

& e k%
Ingredients U8-1 Ch=2 Co=d
Ground yellow corn §0.88 59,70 62,85
Soybean oil meel, solvent,

% protein 34.00 33,00 26,00
Figh mesl, merhaden 5400
Dehydrated alfalfa meal 2.60 2.50
i.imsstone 1.00 1.00 1,00
Bone meal 3.25 3.00 1.85
Sedium chloride, iodiced 0,30 0.30 0.30
Cod liver oil (2250 U Vit. A,

300 ICU Vit. D/g) 0.25 0.20 0.20
Janganese sulfate 0.025 0.0286 0.025
Li-methionine U 08 0,08 0.06
Nitrofurasone, 11.27% mix 0,05 0.08
"D" sotivnted erimal sterol

(1500 ICU Vit. D/g) 0,025 0.025
Vitemins milligrems per vound
Riboflavin 1.680 2.00 2.00
Hiscin 8400 10.00 10,00
Caleium pantothenate 2,00 2450 2.50
Choline enloride, 257 mix 0.10 0,10
Choline chleride, C,P. 200,00
2-mathyl-l, 4 naphthoquincne D20
Vitamin By, orystalline 0.01
Vitamin Byg, fsad supplement,

(5 mg/ib 0,05 0408

*Diet CS~1 was used in sxperiments 1-10, and 18,

**Diets (9-2 and CS-3 wore used in experiments 15-17,



Composition of basal diets employed in experiments with chioks

{experiments 1l-14)

Table 2

Jat Groat-Fish Weal Type

Ingredients

{diet OGF)

Qat groats

Fish meal, menhaden
Celecium carbonate

Sodium chloride, iodized

83400
15.00
1.25
0. 30

Dry Vite A & D supplement (4000 IU Vit. A,

750 ICU Vite. D/g)
Hanganese sulfate
Copper gulfate
DL-methionine
Glyeine

Vitanins

Riboflavin

Hieeoin

Caleium pantothenate
Choline chloride, C.P.
2emsthyl-l, 4~naphthaquinone
Alphatocopherocl acetate
Pyridoxine HC1

Biotin

Folaein

p=aminobenzoic aecid
Vitamin Ejg, corystalline

00020
0.02
0,001
G.08
0.30

milligrams per vound

1.60
16,00
5400
200,00
0.20
3.00
1.60
0.025
G.20
10.00
0,002

24



Table &

Composition of basal diet employed in study with poults (experiment 19)

25

Corne8cybsan il sl Type

T5«1
Ingredients <.
Ground yellow cern 38.685
Soybean oil meal, solvent, 44% protein 53.00
Di-calcium phoaphate 2.50
Limastone 2.78
Sodium chloride, lodized 0«80
¥eanganese sulfate 0.086
Ferric sulfabe C.028
Copper sulinte 0.001
Cobalt sulfate 0.0001
Dry Vite 4 & D supplement (4000 JU Vita. A,

750 ICU Vit. D/g) 0.30
DL-methionine 0,10
Corn oil 2.00
Vitaminsg milligrems per pound
Riboflavin 2400
Hiaeln 20 .00
Caleium pantothenate 4,00
Choline ehlorida’ CaPa 4’3’0.%
Zemethylel, 4-naphthagquinone 1.00
Al phatocophercl acetate 3400
Pyridoxine HCL 1.80
Biotin 0.05
Folacin 0.80

Vitemin Byg, erystalline 0.0156




Table 4

Composition of purified basal diet employed in sxperiment with chicks

‘axneriment 20)

26

Purified Type Diet
(diet PDw1)

Ingredicnts e
Cereliose 61,88
Casein {crude) 22,00
talatin 8,00
Corn oil 2.00
Iy Vite A & U supplement (4000 IU Vi, A,

Di~methicnine 0430
Mneral migture 5.37%

Vitamins milligrams per 100 grams
#ibvoflevin 1,00
Hiscin 5400
Celeium pantothenate 2,00
{holine chloride, C.7. 200,00
2-methvlel, 4-naphthaguinone 0,80
Alphstogopherol acetete 0450
Pyridoxine HC1 0.60
Biotin 0,02
Folacin 0430
pweminobenzoic acid 0. 20
Thiamin 0.50
Inogitol 100,00
Vitamin B; g, erystalline 0.008

*The composition of the minsrsal mixbure exprossed as the percenitage

of sach isngredient in the tctal diet when added at this level supplied:

KX G004 fﬁaﬁf POg ) 2

Znﬁla 06002 KghiPig

H 3393 0.,0009 ?5&221?04

CoB804. THyO 040001 HgS04¢ THRO

¥all 0:5@ Fe(cﬁﬁﬁﬂ?})aeﬁgg
Calog 1,50 304 . 41190

Cus0y (anhydrous) 0.Q013

1430
0490
D.73
G.26
O.14

0,041
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different ;rowth factors based upon previousg work in our levoratery,
srgeott end Combs, 1850). Diet Ulel was designed to supply ample quantie
ties of the unidentified fsctor nresent in fish meel. However, soybean

0il mesl, which has been reported to contain wnidentified prowth facbtor ae-
tlvity (Hill, 19483 #ill end Bripge, 1950}, wag omitbed., Diet TS-1 is a
corn-aoybean oil meal type turkey ration. Uiet PD«1 is a purlfied chiek
ration which ocontains all of the known vitamins, minerels, snd amliuo acids
required by the chick for normal zrowih,

in experiments 21 and 22, dists E~138 and R»134 were used regpsciive=
ly. Although the vercentege of wheat pluten and sodium proteineie which
are suppliecd in these diets sontain an adequabe amount of lysine by snalye-
gig, it has been shown thet only & portion of it is aveilable for absorption
{seec irscott, Thesis, niversity of Maryland, 1953). Consequently, when the
date obtalined in expesriments 2i snd 22 are evaluated, the voseibility of a
lysine deficiency in the chicks ecan not be owverlocksd,

A1l diets were mixed by weighlng the ingredlents separstely snd then
oombining them in a eonventional type feed mizer. The vitamine were come-
bined and mixed with e amall amount of water. This solution wss then evenly
distributed throughout spproximately 15 pounds of feed by means of a Hobart
mixer, end then oombined with the tobtal feed, For esmch groupn of 20 ehicks,
30 pounds of praetical tyne diebe and 22 pounds of the purifisd type diets
wore suificient to feed ad libitum for the usual four week duration of the
experiment., The diebts wereo always prepared fressn for each szperiment, and,
sfter the supplements wore added, each diet whioh was belng emploved in &
partionisar experiment wesg ztored at 10°¢ in a tinned lard csn end covered
with @ tight-fitting iid. ¥Feed sand waler were allowed %o be consumed ad

z}bitam in every experiment.
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In experiment 1, the chicks were removed from the hatehing trays and
placed in umised ohiek boxes. Surfecea of the batteries with whiesh the
ohicks ceme in contest were washed with Compound Germicidal Rinse RH 288
(Fink Roselieve Co,, Ine,, lew York, i.Y,). These precautions wers taken
in order to decresse the possibility of contamineting the birds with micro-

organisms other than thoae whioh were used in the experiment.



Il. lothods Ussd in the rreparation of Samples

The oultures of £. merogenes and E. coli which were used in this in-
vestigation were isolated from the cecal fecos of a four waesk old ohick
wihich had been fed diet C3-1 supplemented with 10 per cent laclose and
150 ppm of procaine penioiiiin .

Twe strains of L. bifidus were used. !me strain was isolatsd from
the cecal feces of a three week old turkey which had been fed a eorn-soybsan
0il meal type ration supplemented with 10 pom of procaine penicillin ¢
{Veltre, 19538, The other strain of Le Difidus was igolated from the ceecal
feces of a four week old ehick whieh had been fed diet (f-l contaluning =
10 per cent lactose supplement (LoCarthy, 1963). The respective synmbols
assigned to these straing are Vt 3 and C 31 (Veltre, 1653).

in experiment 1, chicks were orally inoculsted with 4. aserogenes. The
sugpensgion of the organisw wes prepared by inmoculating two-l llibter I'rien-
meyer flagks, each of which contained 100 ml of %trypticase soy agar, with
1 ml of & trypticase goy broth suspension of the organism. The inoenlated
agar surf{acog wers inocubated for 24 hours at 37% ¢, At the end of this
time, the surface growbh was resmoved witn sterile physiologloal saline.

The guspension was then centrifuged atv 2,800 r.p.ms for 30 mimutes. The
centrifugate was resuspsnded in 200 ml of a & per cent lmotose solution
(Seitz filtered) which eontainad 5C units of procaine nenieillin 0 ver ml,
faeh ohick in the experimental groups received orally 1 ml of this prensra-
tion. The suspension contained 160 x 108 visble organisms per ml, as
revealed by a plate count using trypticsse soy agar.

Several fermentation products were prepared with 4. aerorenss. These
products were tested in experiments 2 through 5 and 21 %o determine their
sffeet on chick growth in the presence snd in the abgence of peniciilin.
The method which was used in the preperetion of these samples and the number
of viable organisms per gram of the finighed product are presented in

table 5.
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Teble §

Methods used in preparing Sercbacter aerogeneg fermentation supplements
{experiments & through 5}

Sgaple  Used in Visble
Bumbeyr  experiment ¥ethoed of Fremmration b@etﬂria/knu
number final product

1l 2 16 liters of a © per cent chick grow- £E x 10G
ing mash seocchariflied with melt and
fermented for 3 days snserobically st
%5°C, Coarse sclids soreened off and
air-dried; supernshant veascuvumedried to
a syrup und spray dried. UDried coarse
solids (300 gms; mixed with soray-dried
supernatant {50 gms),

2, 2 300 ml skirmilk - Ca CO, culture of 40 = 10
A. aerogenes dried on 200 gms sberile
ground coru,

Sa 3, 4 1000 gms digtillers? sclubles, 200 gms Fone
cereloss, 17 liters distilled water
inooulsted with 1 liter of & 48 hr
culture of A. serogones grown in the
same madiuﬁ:"inaugated for 40 hrs st
95%F, Jastsurised for 1 hr at 150~160%F,
Dried by gradusl addition of 1 pound of
corn meal in an a2ir drier at & tempera-
ture of 459C over s period of 30 hours.

4, 3, 4 ¥ash and fermsntation conditions 60 = 108
identioal to abowve, iash dried on 1 1lb
gteared veat wosg under same sonditions
as above. WHo pasteurizetion,

Ea B 2280 w1l 2 per cent skimmilk, 1 ver smant 80 x 10
Ce COp culture of A. serogenes dried
on 1500 pme corn meal.
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In experiment B, two Koser s citrate broth cultures (ses sppendix)
of 4. ssrogenes were prepared in an atismpt to determine the effect of
these organisms, per se, on the growth of chiecks with and without pen-
ieiliin in thelr diets, For the preparaticn of one semple, two fegallon
Pyrex bottles, eash of which contained 10 liters of sterile citrate medium,
were inoculated with 2 per cent of & 24 hour culture of the organism whieh
plso had been grown in citrate medium. After eeration at 37° C for 48 hours,
the orgenisms were separated from the broth by passing it through the
Sharples centrifuge. The bowl was driven by an air pressure of approximate~
ly 40 p.s.i. which caused it to rewvcive at 38,000 r.p.me The affluent was
limited to a2 fiow of 5 liters ver hour. The effluent material was found
to be rather oloudy, which indicated that complete removal of all of the
cells was not accomplished. The creamy, white vield, which amounted %o a
total of 3 grems, wes éuspended in sterile 10 per cent Difco skimmilk end
lyophilized. Ths method used for lyophilization of the eultures is
deserlibed later in this section,

For the preparation of the other semple used in this oxperiment, Yoser's
citrate msdium which contained 100 units per ml of procaine penicillin G,
werek {aporoxirately 100 garma) was fermented with the organism. During
the fermentation of this substrate, large quantitlies of foam were apparent
on the surfaece of the mediun. After fermentation was comnleted, the broth
seemed to be more viscous than thet broth which was f{ermented without the
antibiotic. The rate of affluent flow into the Sharples centrifuge, when
pericillin was included in the medium, had to be limited to 2.5 liters pver
hour in order %o obtain en effluent broth of the same turbldity as that
whioh was cbhained when citeuie broth containing no antibioiic was centri-
fuged, The cell concentrate was vellow in appesrance mnd the yield, which
amounted to 4 grems, wes suspended in 40 wml of sterile, 10 ner zent bifco

skimmilk prior to lyophilieation,
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The epraratus used for the merabion and incubstion of ths substrates
described on the preceding pege is presented on plate 1. A water agpirator
wag connasted to the terminal end of the gysten whioch pulied alr into the
culture bottles at the rate of approximetely 25 liters per hour. Prior to
entry of the alr into the oulture bottles, it was sterilised and dried by
first drawing it through sterile, non-absorbent white sotton, then through
concentrated Hp304, and, finally, through sterile cotton.

The technique of lyophilizstion or “freese-drying"™ was employed for
the preparation of bacterial cells which were used in experiments 8 through
20. This process has been desoribed by Flosdorf and #dd (1935, 1938) and
utilizes the principle of sublimetion., The meterial to be dried is frozen
and subjected to high vacuum whiech transforms the ice to s wapor, wlthout
melting. The vapor is subsequently trapped in a dry ioce condenser.

An apparatus which wes deajgned to accormodate relatively large vole
umes of eulture is shown on pletes £ and 3. Vhen this technigue was
employed, it was possible to obtain large mamsses of viable cells, The
regul tant powder was eagily vassed through a fine wire sereen and combined
inte the fesd.

The standardized method semployed in the preparstion of all viable
coliform cells is outlined below:

1. PFlace 485 ml Fugon agar fortified with G.35 per cent agar

in Keolle flask, plug and sterilize at 16 lbs steam
pressure for 20 mimites.

2. Lay fiasks flat, with the indented side of the flesk lip
proximal te the desk top, and allow ager to harden,

8+ Flood the agar surface of the flesk with 2 =zl of a 24 hour
tryptiease soy broth (B.B.L.) culture of the sppropriste
organisme

4, Incubate at 37°C for 24 hours.
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Plate 2» apparatus used for iyophil isaticei of cultures*

container for sh.ell*fros©n culture;
oetkmneor$ C4 w.ouum puss>9

B, insulated, dry-io©

A*
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Plats 8* Pertail of drt«ie© condeiis-er« 4* container

for frosen culture#j Bt flask with ssn glass tur>«
inserted in side am to pull vapor to bottom.
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5. Harvest the growth fron the flask by first placing 12 ml
of sterile 10 per cent Difeo gkimmilk in the flagk snd
then passing it over the surface with a hent, sterile
zlass rod,

€. Cool the pocled rinsings fronm all of' the flasks in a
beeker which has been submergsd in s ice bath.

7. ~Flace the skimmilk suespansglion ol the organisusg in a round
bottom flask wnleh ig free from sorsiches wad Tlewe. Tis
retio of eulture o flagk volume ghould be 1:10.

8. Shell«freeze the culture to the gide of the fiask by tilt-
ing it and revolving i% in & dry ice-methanol bath at &
temperature of -80 to -70%C. A dull appsarence of the milk,
when obgerved through the open moubii of the {leask, is &
good indieation that the contents are thorocughly frozen,

The flusk mey be connected to the chucxk of an electrically
driven motor and revelved in the bath. The ceatrifugal
foree will ocause an even digtributisn of the culture on the
sides of the llask: but, the hand turaing is just as
efTicient,

g, Ilmce the flesk and shell-frozen contents on & dry-ics
condsnser {ses plate 3) and with & high vecuum pump bring
the internsl pressure to U070 microna,
10. After sbout 15 minutes 2 frost will form on the outsgide
gurface of the flask. The somplete disappesrsnce of this
Tresk and ap eguilibration between the exterior of the
fiagk and room temperature indicates that ths run hassg been
completed.
o the average, the percentage of orpenlisme whien gurvived iysphilize-
tion was usually 80 for A. serogeneg, GU-70 for L. coli, and 40-60 for
I. wifidus.
-n sxperiment 14, one 220 liter tank bateh sach of A. serogenes and
Yo soli was prepered for testing. The crgaaisms whioh were removed were
not resuspendsd in skimmilk. Heo viasble organisms were detectable on Fugon
sgar when these samples were plated at & dilutien of 103.
The game awcunts of culture were prepared for testing in expsriments
L0 through 17, sdowever, ai'ter the organisms were removed irem the broth,
they were reauspended in steriis, 1lU per cent Difeo skimmiik prior to

lyophilization., Jthe mmbers of viable L. coli and r. geropgenss in each

gram ¢£€ sempie wers 400 x 108 aaa 86 x 10° respectively.
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In experiment 18, the two streins of i, bifidus, which have heen
previously desoribed, were lyophilized cnd incorporated intoe the besal
dlet ag supplements, The samples were prepgred by inocculsting 1 per oent
af sach organism into two 1l0=1li%er batches of sterile modified Hassenin's
medium (gee appendixz) contained in eash of two l2-liter “yrex, round-bottom
flasks. In pleee of the conventional sotton »lug, the mouths of the flasks
wery geosled with sterile, tight-fitting rubber stoppers to prevent the
entry of Be into the medium. Inoubation wag allowed to proceed at $7°C
for four deys. At the end of this time, the culture wes centrifuged in
1 liter quantities in a Servall angle centrifuge &t 2,000 r.pems Iach
liter of oculture ylelded epproximetely 1 grem of cell mmterial and the
resultant 10 grams of wet celis from the complete broth were resuspsnded
in 100 ml of sterile ['ifco slkimnilk end subjected to the prrocess cutlined
ebove. The lyophiliged ¥t Z contelned €0 x 10% organisms nsr grams the
plate count performed on 3l sghowed that 50 x 10g viable vells were present
in sach gram of the dried powder,

The two straine of L. bifidus were also prepared for oral inocculation
in this experiment by growing thewr in mpdifled Hassenin's medium. An ine
oculum of 1.9 per gent of gash culturs waes used to seed 100 ml of modium.
This medium was sterilized in Soston round bottice (200 ml capsecity) for
10 minnter et 12:°C, The bottles were covered with soraw=cang fitted with
rubter paskets. After thrase days inoubation the sultures were eentrifuged
in the Zervall angie centrifuge for 20 minutes 2t about 2,500 r.n.m. a&nd
the centrifugate from esch 150 ml of broth eulture was resuspended in B ol
of physielogical saline,

Duriung the first week of tihe sxperivent, each ehiek rocelivineg elither
of the oral preparations, was adeministered 1 ml of the organisms whieh
wore resovered from 100 ml of medium and resuspended in 80 wl of physloleg-

ieal sealine, The wolume of cells was doubled the seocond woek end during
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the third end fourth weeks 2 ml of the resuspended celis from 200 ml of
medium were used.

when it was necessary to orally inoculate chicks with viable orpanisms
(experiments 1 and 18}, a 1 ml graduated medicine dropper with e long tip
wag used. The culture was deposgited directly inte the crop by inserting
the tip of the droppsr far down into the gullet and depressing the rubber
bulb with a reapid motion,

In experiment 22, A. merogenes was used to ferment & mediun whiech
was designed to supply ample quantities of the unidentified growth factor
revorted to be in certaln liver preparations (see svpendix). The mediunm
wag inoculated with 1 per cent of & 24 hour culture of the orgsnism which
had been propagated in the same medium, The seeded medium was incubated
and aerated as previously described. At the end of 48 hours the culture
was condensed by wvecuum distilletion to a wolume of 800 wi and e plate
count on Fugon agar (Baltimore Biological Leboratory) revealed that

250 x 107

viable A. asrogenes cells were pressnt in each ml of the eulture,
The material wes then rasteurized st 100°C for 60 minutes to kill the cells,
and condensed further to a final volume of 500 mi. The designaetion HCFal
was assigned to this sample and will be used when further reference to it
ig mede.

During the course of these investigations, certain basteriological

tests were performed., These tests are discussed in the followlng section.
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IXI, #ateriels and lethods Used in
Eacteoriological Investigations

In soms of the axperiments performsd in this investigetion it was
degirable to anelyze basotericlogicnlly the cecal econtent of birds whieh
wore fed certain experimentsl diets. The bacteriological metheds which
were used in the performance of thig btest have besn previously deseribed
by Romoser ot el. (1982).

When wvaricus substrates which contained proceine penieillin G were
fermented with either A. acrogenes or E. eoli, the broth, after feruwenta-
tion, was assayed for antibliotic eotivity using ithe nethod of Sehnidt end
toyer {(1944). Prior to assay, the broth culbtures were passed through
cintered glase filters (ultra fine) to remove the viable bectorial cells.

Preliminary experiments with chicks seemed to indieate that L. bifidus
was competing with the chick for e factor which was being synthesized by
E. coli and/or 4. aerogenes in the intestinal tract. Consequently an in
vitre test was designed to ascertain the velidity of this suppesition. The
mothod used for the performmwnce of this test is outlined below:

1, FPlece 4 drops of a 24 hour eulture of L. bifidus strein

being tested in tube containing 16 ml of sterile, melted #6
medium. Rotate to assure thorough distribution of the
cells throughout the medium.

2. TPour seedsd agar into sterile Petri dish snd allow to
harden.

3. With inoculating needle place 10 em sireak of E. ouli on

piate and bisect this streeak with & similar inoouium of
A. gerogenes. Ineubate plate et 37°C and observe periode
icalliy for zone of growth below the streaks.

This method is, at best, only presumptive. iowever, Snorb and Veltre
(1953, unpublighed data) have developed a tube assay which demonstrates
the need of a growth factor for L. bifidus., The poteney of warious pree
narations of £. ocoli cells have been tested using this assay. Fresentsd

in table 8 ave the methods which were used in the preparsation of the

cellular waterial f{or assay,



Table §

#ethods used in preparing Pscherichie coli cells for microblologicsl
agsay using lLactobacillius bifidus as the test organism

Sample Inooulum® Medium in Trontment ¢
number Kolle Flasks (Total cells 3 flasks)
la Le coll grown on Fugon agar Growth removed with
Plein Tugon agar distilled HpO
sient
2e Same Sans Growth removed with 70 per
cent ethyl aleohel., Aleochol
evaporated and regidus reade
Justed to orig wol.
Se Same Same Growth removed with dis-
tilled Hp0, vl adjusted to
4.0 and a&apensian auto-
claved at 121°C for
15 minutes
4. E. coll grown on Bugon agar Same as sample 1
Fugon agar slaent 10} units
which contained pen/ml
10 units of pene
ieillin G per ml
Se Same Same Same as sample 2
6. Sume Same Same ms sample 3

*le5 ml of & 24 hour tryptlecase soy broth eulture used to inoculate
eaoch flask.

¥%10 nl of solution used to rinse eaeh flesk,

#hefore the sarmles were assayed they were shaken thproughly at
16 minute intervals over 2 mwriod of an hour te assure thorough
mixing .



Several crude supplements whieh contain unidentified growth feetor
aotivity for the chiek also stimulate the growth of L. bifidus when the
assay of Shorb is employed. However, evidence for a definite correla-
tion between organism sotivity and chick activity for any particular
sample is leacking at the present time,

Procedures other than those whioh have been given previously were
used in several experiments. Sinec they apply to only one experiment,

the proeedure is given with the results.
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EAPESIIFEHTAL RESULTS
I, The Effeet of Dietary Composition on the Fersistenee of Asrobscter
serogenes in the Usca of Urally Inoculated Chisks

At the outget of this lavesbigation 1%t was adventaspeous to determine
if the oral inceulation of e heavy suspension of viable cells of A. asrapanes
would implant the organiszm in the eeca of the chiek., The effeot of pone
ieillin, lasctose, aud & combination of these materiels on the number of
orgenisms in the ceca after oral inoceulation was also determined., AL the
beginaing of the experiment, 10 chiecks in each experimentel group wers
inooulated with 1 =i of the suspension of A, serogenes which has been
previously desecrived. 1In addition, a series of uninoculated chiecks were
raised on the same experimental dists. AL the end of 24, 48, 96, and 144
houreg, plats counts were perlormed on the cecal contents of 2 inoculsbed
and 2 wninoeulated shicks from each group.

The resulte of sxperiment 1 are presented in table 7. i, serogenes
wag deteetsd in the cecal conbents of all orsliy incculated chicks whieh
were examdined at the end of 24 and 48 hours., A comparison of the runber
of organisms in the ceea of the hirds which were fed asach of the experi=-
menbel diets, however, revealed that the organisms were more numercus in
the ceea of those chicks which wers fed sither the lactose or lactose
plus the antibiotie. At the end of 8¢ hours, there Was g marked decreasse
in the number of organisms in the ceea of the onlielks {rom expsrimental
zroups 1 and 2, Un the other hand, plate counte on the cecal contents of
thoss chlcks receiving the diet which contalned the combinetion of pen-
ieillin and laotoze ravealed no appreecisble decrease in the number of

organisms. At the end of 144 hours, there were no detectabls colonles of



Table 7

Baoterial colony counts of cecsl contents of chicks oraily inoculated

with Aercbacter asrogenes  (experiment 1)

Citrate Medium**

Time Group Supplemsnt EKoger®
in misber Inece tininoc.
hours Chiocks Chicks
24 1 Hone 180 {1
2 15% lactose 840 <1
3 As 2 *150 ppm pen 1230 <1
48 1 Hone 280 <1
2 18% laetoss 500 <1
3 4s 2 4 150 pom pen 500 <1
a8 i Hone 20 <1
2 154 lactose 11G <1
3 As 2 #+ 150 ppm pen 550 <1
144 1 Hone < X <1
2 15% lactose <1 <1
3 As 2 4 150 ppm psn 180 a4

*Counts are axprogsml eg the nunber of organisms per gram of wet

cecal feces z 107,
*#2% ager added to Koser's Citrate broth,

same morphological charactsrigtics.

It ig assumed that all
of these organisms are A, serogenes, since all colonies hed the
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A. serogenes in the cesa of either the birds which were fed the gontrol
diet or the diet which contained lactose. Imn addition, the nunber of
cecal A. aerogenes in the chicks from experimental gzroup 3 was avproxe
imately one-third as high at this time than it weg at the 96 hour paried.
Under the sonditions of this experiment, it is indicabed that after
oral inoculation the orgenism survives during its passeage to the ceca.
It will persist at that looation for at least six days if lectose and
nenieillin are included in the diet. If only lactose is present in the

diet, the organism seems to disappesar after approximetely four days.



*(p erdwes) ssowt j¥ed parmess VO POTJIP P PeRpInezswd 30U oM fJed JBUR0 BUY
puR (¢ STUWRS) [BOR UICD OTTASE UC POTIP PUE DPOrTJIneassd swa sidwwe oug
JG 3a8;

b

.om@%am*mmmﬁﬁyﬂwﬁa@ﬁ&aa@ﬁcmﬁﬂwwﬁnapa&ﬁawmmma@omﬁgﬁ@za
sgoydues eyl Jyo uoigessdedd oy UY pesSn £BA B3BJIAEGNE SSOT8IVL-FATENTOR

{BaBTTIZLLY ¥ *Seraew oTun Jo ejusmtsedre Purutvwes omg el Ul
cgaonpodd UOTIRIUSEISF JTIOUR JO SWHTUWNIJ0 OTYRTA ULTA 30IR eul} Uy pepnidul
SBR OTROTATAUR Oug UOTUM WY SjuewTladXe JI8U30 3500 UI DRAJISSGO JOLBY SBA
uwousiiotsyd STY] °*SUDTV POen Jum UTTTITOIVSd uLusm PLAJORQC &Jem yoTum suypst
su3 Uey3 Jeq9eJ? alem Jeuqedog 0130TATIUS Syl pus jonpoad uollRLUSLING

SU3 YA TA PRAJSEGC eJssm worTum eutvd euy ‘sguertJiedxe eeJsuy TIB® ul
*gopuodged
QUL UT VUOIRIITP ueduddd eun JoJ FUNVONE AWw 2 JUSITJIedX® Wi POEn b
SHOTHR ,JUOTOTIOP, 4BuR R08I oyl *pPesn gsm jonpoxd JeTTWIs ® ueym Y2
puUR g spuswrledys UT PeAJBEGe sured eFoium U3TA psyadmoo o9 pefordue swva
WOTIRIRCGOId ATPASIHS~BOUSIOA0B *Y DOTIP-IT0 O] TOUM POAIINQO aJom FuTe’
dsgeasd ‘7 quswtJaed¥s ur *eqeTP ¥oTuo 8y juexerddns o3 pesm elem 5 pus ‘2
7 Sorduws uUOUM PAALABUC SWAa UBMOIT pesestoutl *reteue’d ul *j3wuy ogvoyLUL

T 2anTJ U POSTJENNS OJ% YOTPR S3UemTIedxe 204yl JC S1YNSaX euy
*EOTUO 0% WITTYOTUSd JO UOTL
~BLBFUTUDE BTG JO 3ITEOI © 57 BWOSO SYL UT SOUBJOILT 'Y JO AT0d ey uIeTd
~xe faged ut forrom 31 ‘srgriefod easa STUR JT  *S¥YOTuL Jo yjmoxd prded auyg
SNVTHNEIE PINCH YOTYR J02003F ¥ o7Tsayiuls ‘moI3esueliae] Jo SUCTIIPUCS SOt
~J8A XeDun *prncd weTwsZJae eyl JT AUTIIessp 08 8391 IOoI1uo suaustddng o3
pesn sasx fetvdues oy *qf eised g oTqBL UT POUTJIOROP SW DLHJBIAJIU BJaA
SoTCUEs 99ny) *HOLDJOA0E *F yjTM DOJUSLIS] USey PBY UDTUA 8e3eI3eqns

SPOTIBA 10 S8N uY PRATOSUT UDTHA DOIOJJRd 404 S3UsITINIZe 0ATY

BAOTYN JO URMOIN BUS U0 BFO0POIS
UOTq e Ueia ] SOUGIOIBE JL890BA0LAY JO 200IF% eyl “II

g8y



Celn ir prrems cver nagative contrcl

et 4 weeks

70

50

e
(@]

2C

0

Periicillin

— —— —

& C e
~ Fenicillin
= s e Gtms oy e
e <
o
. (&)
e

Pericillin

2.0% Sp. #5 * 10 ppm Pen
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double cross-hatched ber, sample 2; sclid bar, sample 5.



These experiments were designed to ascerbeln if s substratse of this nature
would support the in vitro synthesis of & growth faetor by A. aerogenes,
end i{ the elimination of vieble organisme from the fermented nroduct
would be reflected In its effect on thoe growth of chicks.

The rosults cof exveriment 3 are presented in table . Ho zsiuns
were observed when eiiher product was included in the bassl dist. As a
matter of faet, the chicke grew less rapldly when either product was eme
ployed. The addition of penieillin o the diet whieh contained 2,0 per
cent of the unpasteurized sample caused & significant response over and
above that which was obbained with penieillin,

These samples were agein tested in experiment 4. Thne results, which
are presented in table ¥, show that the apparent depressing action of
these samples wes egalin exerted. In group 4, the depression of growth
which was observed when 2.0 »ner cent of the unpasteurized sample was
emnloved was found to be statistically significant at the L per cent
level when the data were analyzed by the T test. In thls experiment, when
nendeillin wes added bto elther the pasteurised or the unpasteurized products,
srowbn was no vebber than that obteined with penieillin alone.

lats sounts were performsd con the cscal conteuts of representative
chieks from three experimentsl groups used in expsriment § and from ell
groups which were used in experiment 4. The resulvs of those examing-
tions are presented in table 10. in experiment &, the 4. peropenes counts
were only slightly higher in the ceca of the birds wihieh were fod the une
nesheurized fermentation produect with added anbiblotie than they were in
the birde frox the control ¢roup. However, in experiment 4, 270 x.lo7
&. seropenes cclonies were found in the ceesd contents of those birds

which were fed 2.0 per cenl peeteourized lermentetion product end penleiliin,

whereas the plate count revealed that there were nc 4. serogenss present



Table 8

48

The effect of pasteurized and unpasteurized Aerocbaotor uerogenes _
fermentetion products on the growth of shieks to 4 weeks (sxperiment 3)

Group Supplement Avg, wt., 4 weeks Avg. gain in
number in greams grams over
neg. control
1. Nore 303 2 7.62 (19) -————
2. Co4i. form prod (past,) 286 2 9,958 (19) - 17
3, 2.05% ferm prod (past,) 296 #0.82 (18) - 7
4, 0.4% ferm prod {(unpast.) 306 2 $.35 (18) 2
5, 2.0% ferm prod (unpagt.) 294 #*11.38 (18) - 3
8. 10 ppm penicillin 318 2 8.88 (20) 15
7. As 5 ¢+ 8 555“ $9.:0 (17) 52
()

represent number of surviving chisks,

“the difference between the average gain of this group and that
of group 1 ig statistiocally significant at the 5% level.
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Table 9

The ei'fect of pasteurized and unpasteurized Aerobactor asrogenss Terientae
t4on products on the growth of chicks to 4 weeks (exporiment 4)

Group Supplement Avze wte, 4 woeks Avg. gain in
number in grems gramg over
neg. control

le None $16 * 9,99 (17) ——
2s 0O.4% ferm prod (past.) 316  #10.98 (18) - 1
S 2,00 ferm prod (past.) 300  £10.6% (18) - 18
.. 2,07 Perm prod (unpast.) 288 & £10.16 (17) -3
B 10 ppm penicillin 37  $12,70 (18) 56
6o As 3+ 5 562  #11.76 (18) 48
7. As 44 B 838 317,76 (15) 17

\ )represent the number of surviving ehieks.

**the difference between the average weight of this group end that
of the negative control group is statistically signifieant at the
5% level,



The effect of pasteurized and unpasteurized Aerobacter meropgenes fermentation products on the predominating

Table 10

bacteria in the ceca of & week old chiocks (experiments 3 and 4)

Group Supplemsat iedie used for counts Spore-  A. aerogenes L. coli
number formers
{Experiment 3)
1. Hone Fugon egar % 1 200 200
Eugon agar + pen <1 160 200
5 2% ferm prod (unpast.) Fugon agar 560 100 10
Fugon ager 4 pen <1 100 10
Te Ags 5 % 10 ppm pen Fugon agar 100 300 {1
Fugon egar 4 pen <1 200 1
(Fxperiment 4)
1. Yonse Fugon agar <1 <1 200
Eugon agar 4 pen <1 <1 300
2. Oud: form prod (past.) Tugon agar 150 <1 180
tugon agar 4 pen <1 <1 200
3e 2.0 form prod (past.) Lugon agar 100 <1 350
Eugon agar + pen 1 <1 200
4, 2.0 form prod {unpast.) Tugon agar 1000 <1 300
Tugon agar * pen 10 <1 280

09
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in the sams dilution of ceesl feees of bLirds from the §ontr01. Since the
|

fermentation product contsined no viable orgsnisms aft;r it wasg prepered,
this higher count of A. amerogenes can not be ssoribed %ireatly to {eed=
ing of the produst, slthough it umy have indirectly inf%ueno@& tihae mamber
of these organisms. -:

in experiments 3 and 4, e spore-~forming, urosd, heaii}y stained
pramepositive rod was found in the cecal counbents of thaaea?ir&s which
were fed the unpasteurized fermentation produect, Jcloniss %ﬁ.thia OF 8-
ism when examined on Lugon ager had morphological ah&raa%@ri§ﬁica wirich
were similar to 4. aerogenes. Closer observeticn of these coloniga row
veal ed that they possessed e dull, vough surface and e flat edpe, %@ewaas,
typicel colonieg of Ae BOTOZEREs &ppeRr on hugol agar with a ammmth,‘
giistening surface. Jince this orgaunism appearsed only in these experiments,
it was suspected that the ssmples may have been contaminated. (onsequente
ly, one gram of the pasbeurissd aond uppasteurized sampleg were plated on
fugon agar and iancubatsd at 37°¢ for 48 hours. Wwhen the plates were
examined, it was found that both samples were contamineted with sn organe
ism wihrich had the same gross aid microscopic merphologlosl cheracteristics
28 those whieh appeared in the cecs ol the birds which were Isd diets
supplemsnted with these samples. The number of organisms in each sample
was enproximately 60 x 1&6 rer gremn. it is spparent {ron teblelQ thet
the inclusion of pendeillin in the diet with either sunplersnt had litdie
efiect vn the proliferstion of the contemlnsibing organism in the csca.
However, when & units of penielllin wers included in saech ri of the plating
mediuw, & decided inhibition of the crgenism was found to ogour,

fhe over-all resulis which were cbteined from this series of experi~
ments indicete that slight increases in weight of the chicks wore cow

ineident with the smdministratioa of the fermented chlek mash (sample 1),



(semples 2 and 6) and the sir-dried skimmilk-CaCQy preparation of

A+ seropenes. The dietary administration of e distillers' solubles-cere-
loge fermentation produect, which apreared to he contamineted with e sororee
forming aerobic rod, had no effect on chicY growth in either the pasteurized
or unpasbteurized state. The inolusion of pernicillin with either sample
nupber 1, 2, or & in experiments 2, &, and 21 sppeared to enhance the
stimulatory effect of these prepsrations (seo figure 1, page 46).

In view of the wide wvarisbility which was enccuntered in these
experiments, the large scele preparations of fermented mashes with Ao
agrogenes was abandoned. In the remaining experimgnis, which were designed
to study the effect of wiable orgenisms on chick growth, lyophllized pre-
paerations of the orgenism were employed. Lyophilized preparaticns of pure
cultures of ths organism which wes being studied not only reduced the
posgibility of conteminamtion but alsgoc increaged the nmumber of wviaeble ore
panigme pexr pound of feed Ly aboub 10 times. This increase in viable
organisms was obssrved when only 0,082 per cent of the lyophilized preparae
tion wes used, compared with a level of 2,0 per cent of some of the fere
manbed mashes, ihereas the number of visble organisms present in & gram
of ferwented wmash wes usually sbout 10 x 165, one gram of lyophiliszed
culture of L. aserogenes usually contained, on the aversage, apuroximate-
ly 180 x= 108 vigble cells per ;ram. In addition, the preparaticn of
orpanigm supplements by the standardized procedure permitted the eliminge
Licn of substances such as distillersg' fermentation solubles wiicn, in

itsell, is reported o contain unidentifisd factor setivitye.



III. The Effset of Lyophilized Cultures of Aerobaster
gsrogenes and Escheriohim eoli on the Growth of
Chiecks

At the outseit of this phasze of the inwestigation, the selsction of
2 guitable medium for the large soale production of mmgses of cells and
their resistance to lyophilization presented a problem. However, a peries
of prelininery trials ultimately led to the development of the process of
lyophilisation whieh has been previously described.

The first experiment in this series, sxperiment 8, wes designed to
exploit the poseibility of lerge seale preperation of the erganism in
deep-culture, by asrating it with eterile air., Koger's citrabte broth,
with and without peniciliin, was asrated and incubated according to the
mpthod which has been described on page 32 and plate 1, page 33. Hoser's
citrate broth was wsed gince it was desireile to aseertain if the orgene
ism, when grown in a gynthetie medium, would be capable of promoting
growth, Penieillin was included in one batch of broth to determins if
the organism, in the process cf fermentation, could convert the antibiotie
by molecular resrvengement or degtruetion, into an entity which would
cguse a8 rapid growth of the chieks,

After fermsntation of the Hoser's citrate broth which econtained
100 units (0.1 mg) per ml, vieble haoterial cells were removed by vassing
the broth through a sintered glass filter and assayed for antibiotie no.
tivity according to the method of Sehmidt end Moyer (1%44). ilowever, in
place of the coanventional siainless steel cylinders, Tilter paper pads
{6 mn in diameter ) were emploved. The standerds were prepared by sosking
the pads in soclutiong of penieillin made up in Xoser's citrate broth
whizh conteined 0.5, 1.0, and 10 vnitz of psnieilliin psr ml. 4Lfter the
prepared plates were incubated for 18 hours, the pad ropresenting the

10 unit concentration produced a gone of inhibitlon of 48 mm. ¥o
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inhibition wes observed surrounding the pad whieh had been soaked in the
filtered, fermsnted broth,

in order to test the pobtency of the inactivated penielilinm, 2,000 ml
of the fermented broth which contained the penieillin were dialyzed in
running tap water for 3 days. The maberial was then lyopniliszed and the
dry powder, which was cobbtained welighed 7 grams. Assuming that none of
the original constituents of the penicillin molecule were lost either dur-
ing fermentation or dialysis, the 7,0 grams of lyophilixed dialysate, when
added to the necessary I0 pounds of feed, suprlied the eguiwvalent of
14 ppm of antibiotic by weight,

The cellefree {iltrate from 2,000 ml of the fermsnited broth which
contained no antiblotic was tremted in the same manner and was used 8s &
dietary supplemsnt.

From the results of this experiment, which are presented in table 1Qa,
it may be seen that the supplementation of chiek diets with 0.022 per cent
of either preparation of A. @erogenes had no effect on ohick grrwth. ILven
in the presgsnce of added penieillin, no gains were observed. Likewlse,
both noredialyzable fractions exerted no appreciable effect. In three
additional experiments, similar prevarstions of fermsnted Koser's citrate
broth with and without penicillin, hed no effect on cinick growth,

Beginning with experimsnt 9, i« coli, the other orgenism which scemed
to be influenced when antibioties were sdministersed to chicks, was elso
studied. Morsover, beginning with this experiment, a standardized pro-
cedure for preparing the organism supplements wes adopted. They were
grown on Kolle flasks and lyophilized ascocording to the prooedure which has
beon described on pages 32 and 36, snd plates 2 and 5, pages 34 and 35,

In svery experiment, the dried powder was used toc supplement each experi-~

meutel diet with & level of (0,022 per cent.
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Table 1i0=

The effeot of lyophilirzed Aesrobacter ssrogenez, rrown in Kosger's citrate
broth on the growbth of chieks ©o ¢ weeks ?emrizmnt 8)

Croup Supplement Average weight Gain in grams
number in grams, 4 wks over negative
econtrol
1. Kone 345 (18) P
2. 0.0227: 4. meropenas
{no penieillin in broth} 329 {18) - 18
3. 0.0227% A. merogenee
(100 U penieillin/ml of '
broth) 339 (18) - &
4. 10 vpm penicillin 370 (18) 25
Be As 2 + 4 361 (18) 16
6. As 3 + 4 354 {18) 9
7. 0.044/ dialyzed cell-free
filtrate (equivalent to o
14 ppm penieillin) 331 17) - 14
8. 0,044% dialyzed cell-free
filtrate (no peniciliin ‘
in broth) 364 {18) 18

( )rsprasent rumber of surviving chleks.



The resultg of experimsnts 9 through 13 end 20 are summarized in
figure 2. With the exception of experiments 12 and 13, both 4., gerogenes
and £, coll scemsd to exert a slight effect on growth. The average gains
which were observed when either organism was used seemed to bhe about the
same. Hhen penielllin was ineluded in the diet with either orpanigm in
experiment §, and with E. coli in experiment 20, the growth responses
which were obtained were significantly higher than the responses which
were obteined with peniceillin slone. &1thaug; the date in the other exe
periments were not treated statistically, it may be ssen in figure 2 that,
in peneral, the addition of penieilliin to most diets which were supplemented
with viable orgenisms resulted in greeter gains then were observed in those
groups of birds whicn were fed penicillin alone. However, the exceptions
to this generaligation were: E. coli with penieillin in experiment 10, and
A+ serogenes with penicillin in experiments 12 and 13.

Since it is obvious from fipurs 2 that there were no aporecisable difw
Terences in the setlivity of either F. coli or 4, aerogenss in promoting
growth, the date were summarized and part of it wes evaluated statistically
by the analysis of variance. These date are presented in table 11, In the
columns designated “orgsnisms®, the values represented may have been ob=-
tained from groups of birds whioh were fed either A, serogenes or h. coli.
2ilthough slipght rainsg, if any were observed when rno antiblotic weas fed,
these cultures did improve growth in every case when 10 ppm of preceine
penicillin ¢ were also fed with the organism supplement. The average
growth increase obtained with the additicn of 10 ppm of penieillin alone to
rationsg (5«1 and OG-F was 30 and 54 grams, rospectively. Further addition
of viable organisms in the presence of the antibiotle resulted in averape
growth increases of 54 and 77 grams over that obtained with basal rations

(8«1 and OG-F. Consequently, the growth promoting effect of the antibiotie
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was inoreased an average of 80 and 84 per cent when viable cultures of
A. seropenes and/or Be. coli were added to bausal retions Cb-l and OG-F,
respectively.

The averagze weight of the chiocks which were fed diet Sl in six
experiments was 29 grams higher than the averapge weight of those birds
which were fed dlet OG-F in three exveriments. Likewise, the average
weight of the chiocks fed diet CS«1 with added organisms was 40 grams highe
or than the aversage welght of those birds which were fed the orpanism in
diet OG-F. However, these apperent differences in weight were not observed
when penieillin or penieillin end organism supplement were fed together
in either diet.

An analysis of variance which was performed on the deta from all six
experiments in whien dist (5-1 wes used, revesied that the response from
the addition of wviabie penicillin-resistant mierocorgenisms to the diets
whisoh contained 10 ppm of penleiliin was stetistically significent to the
1 per cent level.

At the end of thie series of oxperiments, the 4 week gains of birde
which were fed the lyophilized organism, penieillin, or orzanism and pPefe
ieillin together, were averaged and coupared with the average gains of
those birde fed viable orgenisms prepered in a different msnner. ¥rom the
results which are pregented in figure 3, it may be seen that the number of
viable orgeniams supplied by either the air-dried fermented mash or the
skimnllk oulture of the orgenism was only 30 end 38 x 10? ner pound of feed,
when added to the diet st o level of 2,0 per cent., The rumbsr of viable
organisms per pound of feed when they were grown on Holle flesk surfeces
and reguspended in skimmilic end added at a laovel of 0,022 per aand, on the
other hand, wes 200 x 1Q7, It is interesting o note that the average

gains which were observed with all three supplementse, regardiess of the
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number of visble corganisms, was nbout the same. However, thse addition

of the entidlotie to the diet whieh conbained the highest number of viable
organisms per pound of feed seemed Lo heve a greator effect on the growth
rate than when it was added to diets which contailned the lower number of

visblg organisms.
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Table 12

The effeet of non-viable preparations of Fgcherishis eoli end isrobacter
sorogenes baoterial cells on the growth of chicks to 4 weeks (experiment

1)

Group Average welght in Gain in grams
number Supplement grams, 4 weeks over negative
control
2. 040665 Be o0li preparation 31z (20) 2
3. 0.122)» E. eoli preparation 323 (20} 138
4, 0,068 A. asrogencs
preparation 307 (18) -3
Se ©4122,5 A, merogenes
preperation 513 (19} g
6. 10 ppm perieillin 3523 (20) 13
Te hg 2 ¢ 6 332 (19) 22
8. As 3 4 6 304  (20) -8
9 Ls 4 * 8 329 {(1g) i9
10. Ag 5 ¢ 8 322 (18) 1z

( )r'spruscnt number of surviving ehiecks.



Table 13

The effeet of alesochol treated cells of Kscherichia ¢oli and Asrobacter
serorencs con the growth of chicks to 4 weeks (experiment lé-a

Group Supplement Average welght in Cain in grams
number grams, 4 weeks over negative
control
i, None 268 (18) ————
2, 0,082 E. coli (lyophilized) 258  (19) -10
3. Equivalent cell mass (aleohol) 306 (18) 38
* yomi ool 290  (18) 22
5. Fiquivalent eell mass (alecchol) 293 (18) 26
6. 10 ppm penicillin 307 (19) 39
7. Ags 2 » 6 335 {18) 67
8. 48 54 6 sl (29) 43
Se Ag 4 * 6 204 (19) 26
10, As 5 4+ 6 366 (19) 88

( )rspreeont the number of survivinpg chioks.



were obgerved when aleohol treated T, ooli or viablie end non-visble pre-
parations of A, merogenss were fed. In this experiment, the addition of
lyophilirzed, viable E, coll had no effeoct on growth. The addition of
penicillin te the lyophilized preparation of E. 2ggg;eaused tiie ohiecks to
grow better than they did when the antibiotic wes excluded from the diet.
In addition, the antibiotic exerted an even more marked effect on prowth
rate when it wes fed with the slcchol treated A, aerogenes preparation.
These results seem to suggest that possibly the alcohol treatment was
liberating a factor from A, serogenes which exerted its effect in the

presense of the antibiotic,
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¥. The Influence of LEscherlehia coli and Penieiiliin on the Crowth
of Chicke ¥ed Diets Delisiont in Certain B Vitamina

txperiment 20 wes performed to determine if lyophilized L. coli,
neonieilliin, or a combination of the organisn and satibictic would influence
the rrowth of chicks whioch were fed purified diets from which certasin b
vitaming were omitted.

The svaring effsct of the supplements listed above on the distary
requirenent of the ehick for thiamin, biotin, esleium vantothenate, and
riboflavin was studied. Horeover, a control series was used vhich was fed
the complete basel dlet {(Piml), supplemented with either the orsanigm, the
antibiotie, or the twc together. In eaech series, e unsupplemented control
was also included. Skimmilk vowder at a lewsl of G.022 per cent was addad
to «ll diets which received nc orpanism prepsration.

The results of experiment 20 sre presented in table 14, The addition
of orgarism and peniecillin to the complets basal diet caused o significant
stirlation of growth. When thiandn wes omitted from the diet, malli of the
chicks from each of the four expesrimental groups were dead by the tenth dey.
Howaver, &t 1 week of ape, there was no apparent difference in the everasy
woights between any of the sgupplemsnted sroups of the thianin series.

when no biotin wes added %o the diet, the chieks grew betier if
the organism was added te the diet, However, the T test showed that the
sain fell short of being sirnificant at the & per cent level.

The orgenism significantly depressed growth when it was added te the
dlet low in calelunm pandothensbte. Feniclllin, on the other hand, slicited
a response of 28 gramg. vwhen the orgenisw was edded with penieiilin,
rrowth wag agein deoressed sigsnificantly wher the response was compared to

that obtaiued with the antibiotic alone.
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The effect »f lyophilized Escheriechlie coli, venieillin, or the organism
and antiblotic together on chieck growth to 4 weeks in the absence of
thiamin, biotin, celcium pantothenate, or riboflavin (experiment 20)

Group ¥itamin omitted Average weight Average gain in
number from basal diet 4 weeks, in grams in grams over
negative ocontrol

1o  HNome 313 #17,08 (13) ———

2. None * E. ooli 332 217.90 (14) l9

3. ticne 4 10 ppm penicillin 331 * 9,78 (14) 18

4, Yone as 2 4 3 370> 19,52 (14) &7

5,8, Thiamin {all ehieks deed at
10 days)

Je Biotin 185 212,82 ( 9) —-———
10.  Biotin + E. coli 200 2z.70 (T 24
11. Biotin 4 10 ppm penicillin 208 421,04 { 4) 21
12, Blotin as 10 4 11 198 217,58 { 7) 13
13. Caleium pentothenate 138" ¢ 8.48 {(10) PR
14, Caleium 4 K. coli 108 3 6,64 (12) - 30
15, talcium 4 10 ppm penicillin 163° # 7,79 (11) 28
16, Celeium as 14 4 15 140 7,38 { 9) 5
17,  Ribofiavin 168 % 5,18 (18) ——
18, Riboflawin 4 [, coli iie + 5,00 {(15) 13
19.  Kiboflavin 4 10 ppm pen. 1227% 26,15 (15) 22
20,  Riboflavin as 18 + 19 182  %12,41  ( 8) 77

3

( ‘represent the mumber of surviving chicks.
Bsimificantly better than 1 et 55 lavel,
bgignificantly better than 14 et 57 level.
Csignificently better than 1% and 16 at & level,
dgignificantly better than 17 at 5. level.
®significently better Than 17, and 19 at 5, leveli.

Significance based on T test.
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when the organism preparation was added to the diet tc which no ribo-
flavin was added, growth was again slightly improved, although not sipgnifie
eantly so. In addition, a signifiosnt response was obtained with penieciliin,
The addition of the orgsnisr and antlibiotic to the riboflavine~deficient
diet cmused a response which was greater than thet cbteined with elther
the organism or the antibictic when they wers added separstely to the diet,

Livability seemed to bs poorest in those ohicks which wsre fed the
bagal diet without added thiamin; next in line were those chicks fed the
ration without biotin. Livability was somewhst better in those ehicks
wnich were fed the diet without caleium pantothenste, and mortality in the
series fed the basal diet without riboflavin was observed only in that
group which was fed the organism with added antibiotie., Iuring the course
of' this experiment, only the chieks whioch were fed the thiamin deficient
ration menifested the characteristie syndrome which eppesrs in cages of
deficiency of this vitamin., A logiesl explanation for this can, in all
probability, be based on the fact that the defielencles, when they were
present, were go severs that the ohicks died hefore the characteristie

gympboms could be cbserved.
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Vi, The Infivence of nvirsument on the Growth of Uhicks ¥Fed
Viable, “euiecillin-Reslistant Mleroorganisms, #ith and
“itheout Added Antidblotic

This series of experimentu {15 through 17) was performed to determine
it Qifferent enwirsumentel esonditions would influence the zrowth rabe of
chicks whieh were fgd viable, peaicillineresgistant microorpanismg, venw
jeillin, and the two supplenonts together. Xight experimentel groups of
chiloks were reared 1o ¢emoch of three environments. Une series vonsisted
of four sxparimentel groups which were fed besel diet CS«2, which contains
no fish meal, Subegroup 1 of this series was fed the basal diet with no
supplement; 10 ppm penieillin, 0,088 per cent lyophiliced A. seropenes
with 0,058 per eent E. cocli, and the two organisms plus the antibiotie
were sdded te aubwgroups 2, 3, sand 4, respectively. A series of four
parallel experimental groups was also included in these experiments, but
diet C5-3 wes used. This diet eontains £ per cent fish meal, which has
been reportaed to contain unidentirfied factor activity for the ehiek. This
substance was included in the diet in sn effort tc determine if it would
inflvence the growth rate of the birds whioh were fed the viable organigms.

Dayw~old Farred “lymouth Roek chicks of both sexes were used in the
three exneriments of this serisa, In experiment 13, {(environment A) 70
chicks were used per exnerimental group. The method of rearing these
birds has besn deseribed on page 28, The wellg of the {loor pens were
cleanad only with oocld water, and, during the experimental term; the birde
had access to their droppings. In experiment 16 (envirconment R) 20 chicks
wore used per sxperimental group. The chicks were reared at the Poultry
Butrition Laboratory in battery brooders which were equipped with ralsed
wire floors,

The battery room was used only for 4 out of every § wesks, with &


mailto:cxp@riisen.tal
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2 week period for cleaning., HNo floor dreins sre in this room, hence,
thorough cleaning presents somewhat of a problem, The birde whioch were
used in experiment 17 (environment C) were reared in a new battery hrood-
8r in & temperature controlied rocm. Chicks had been raised in this roonm
only conee, one ysar prior to this experiment. For this reason, envircne
ment ¢ was more ideal f{rom the standpeint of contaminating microorgenisme
than either environments A or 3,

In addition to the eight experimental groups which were used ir three
environments, 4 additional groups of 70 blrds each were included in experi-
ment 15, The diets were supplewented in the sare manner es desoribed, but
15 mg per pound of orotic soid were sdded to the basal diet (LSe§).

The resulis of the experiments whioch were conducted under the thres
environmental conditions deseribed sbove, are presented in table 15, With
the exsception of group 1, the chicks whiech were fed diet (5-2 and reared in
environment C grew more rapidly than those birds which were ralsed in sither
of the other two environments. HForeover, the birds grew at & more rapid
rate in every experimeatel group reared in eanvironment A than those birds
in environment £, Thege date seem to suggest that, in general, environe
ment B had the meoat pronocunged affeet on the growth rats of the uLirds.

The c¢hicks in this series, regsrdless of the treatmsnt, grew less rapidly
than those birds in sither of ths nther two environments, The chicks
resared &t the Poultry lerm (environment A) showed no increased average

gain when the organism was added to diet C8«~l; whereaa, when this supple-
ment was added to the same diset in environments B and C, geine of 20 and

26 grams were observed, respectlvely. The greatest galn in the presencs

of added antibiotie, to diet CS-1, was observed in those chicks in environ-

ment €. This is of interest since reports in the literature indiocate that
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in "new" euvironmentc, nc erowth response is observed when antibiotics are
{ed, When both orgenisep and sntiblotie suprlemsnt were added together te
dlet CZa2, the aveorage sains whiech were observed, regardless of eavivrone
ment, werwe o betisr than those galne obgerved in the groups ol birds whiech
were fed the rarme diet supplomentsd with elther ths organisms or anbibiotie
nlonm,

If all treatments and sll environments are compared {table 18&;, it
will ba noted that, with ome exception, the chicka which were fed diet
(8u3 grew more rapidly than those birds fed diet CS5-2. The group which
failed to show any inorensed gain wheon the diet containing fish mesal was
fed, was group 4 in environment B,

¥hen diet CS«Z was fed, the chieks which were reared in environments
A snd C agein grew more rapidlyr then those chiecks reared in environment B,
Algoc, when this diet wss used in the preserice of the antibiotic, the ohioks
in enviromment A once sgain failed to ghow any inoreased gain over the negse
tive control.

These deta suggest that rearing the chicks on litter nzey have negated
the sntibiotie effect, since, incresssd gsins wers noted when penieillin
wes 8dded to either diet when the birds were reared io batteries. The
eddition of organisms te the diet whieh contained both penicillin and fish
meal falled to incresse the rsty of growkth of the chicks rsared in either
environments 4, B, or 0. As e vatter cf faoct, the addition of organisms
to the diet which contained the entibiotic seemed to cause a slight decrouse
in the rrowth rate of the chicks reised in environments 8 and ¢, Likewise,
no inereased gains were noted when only the organism was added to the diets
of chicks, in the presencs of figh mesl, in envircnments A and C, and only
a s8light incrsessed gain was obaerved when the organism was added %o the

diet of the ochicks reared in environmsnt B.
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If the growth response of ohicks to dietary microorganisms in the
presence of penieillin is due to the synthesis of a growth factor in the
intestinal tract, the data obtained in this study suzgest that it mizht
possibly be releted Yo the factor nresent in fish neal., This idea is
supported by the observetion that no additionsl zeins were obssrved when
the srganisms were added to the dlets which conteined fish mmal either in
the »resenge or in the absence of the antibiotic.

In order 1o test the sipnificance of certain treatwents, an analysis
of verience was performed on the dste obitained in this geries of experi.
ments. The results of this analysls which are presented in teble 16, show
that the environmental conditliens exerdved a signilicant sffect o the
growth of the chicks. iore specifically, these dsta indlcate that the
enviroomental eonditionsg undsr whieh the chilcls wers rearsd in either floor
pong with fresh wood shavings Tor litter, or in the new battery brooder in
& room in which chiecks were raised only once previcusly, sesmsd to be more
favorable for the rapid growth of the birde than those existing environe
rental conditions in the Toultry Hutrition iaboratory. This is not surprisge
ing, since the chicks were reared in an environment which was, in all probe
ability, the more highly conbtaminated of the thres.

The mnalysis of variance also reveeled nhet the envirmmmental condie
tions sxerbved a significent effect on the responss of the chicks when
ponieillin was added to their dilets. Considering all trestments and both
diete, the addition of penicillin Lo the diets of birds reared In euvironw
ment A had ne effect on the srowth retes however, the snbtibiotic elicited
responses of 0 and 44 grams in environwents U and €, respectively.

Lxperiments 16 and 17 were Usrminated at the end ol 4 weeks, but
experiment 15 was continued to § wosks to deternine if any of the troeate
ments would hnave an effect on the growth rate of birds raised on litier

for a longer experimsntal perilod.
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Resulty of analysis of varlance consideriug treatment and environmental
sffeets on the growbh of chicks to 4 weeks (experiments 15, 16, and 17)

Souree of variation Degrees of Sun of dean
freedon sguares gquare
Effect of Treatment

Fish meal 1 2508,2 2508,.82
Penieillin 1 35044 50,4
Vieble orgenisms 1 Ol 0.1
Figh meal = peonieillin 1 33 363
Fish meal x organisms 1 70346 70346
Fenieillin x orgsnisms 1 381.1 381.1
Fish meal x penicillin

% organisus 1 6o9 Ge®
Environment 2 65740 328,5%

Effect of Invironment x Treatment

knvirenment x fish msal 2 174.2 87.1
Vnvironment x penieillin 2 73446 367.3%
¥nvironment x organism 2 13.4 8.7
Pomeinder 8 1958.7 244, eb
Individual chicks (error) 818 /6¥0979 0 83,47

8gignificant at the 57 level.

Dpizhly sigaificant at the 17 level,

* prran SOUARE (oRRECTED Fokt vic@umi prom@ERS @) Us/nG FHARMONC AIEAH.
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The averaze 8 week wsights of all of the varicus groups of this phase
of experiment 15 are presented in table 17. Except in group 2, fed diet
CS5=-3, where a gain of 21 grams was noted, the organisms feiled to increase
the growth rate when they were added to any of the diets sither in the
presence or in the sbsence of penielillin, The group of chieks which were
fed orotic moid in diet CS-3 with and without penicillin, weighed respective-
ly, €3 and 82 gramg more than those birds which were fed comparable diets
with added organisms. From this, it appears that dietary microorganisns
may exert a detrimental influence on chick growth in the presence of orotie
acid.,

Increased gains of 35, 33, and 44 grams were noted when nenieillin
was added to diets CS-2, (€S53, and (S-3 with orotis acid, respectively.
Also, when the unsupplemented basal groups are compared, it will be seen
that those chicks which were fed the dlet supplemsnted with only fish meal
weighed 53 grams more than those birds fed the diet without fish meal, In
addition, when {ish meal end orotic acid were present in the basal diet,
the chicks weighed 77 grams more than those birds fed the diet without
either of these supplements. These data tend to sugpgest that the rate of
goain ig influenced by the presence of fish meal when tha chicks are raised
on litter, and the addition of orotie acid further magnifies the rate of

gain in the presesnce of fish msal,
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Vii. The Effect of Lmotobaeillus bifidus on the Growth
of Chiecks and Turkey Foults

Two strains of L. bifidus were administered to chicks in experiment
18, Both ztrains, Vbt 3 end ¢ 31, which have been deseribed on pepe 29,
were pdministered to sertain experimental groups of chieks in the lyophile
jzed stats, in the feed. In addition, the chiecks in other experimental
groups were orally inoeuletsd with either strain of the organism on altere
nate days. The msthods used for the preparation of esoh strain and the
routine which wrg employed in administering the organisms to the chicks of
the orally inocculated series have been described on page 37.

The lyophilized preparations were employed at a leval of 0,022 per
cent and, this amournt of dried powder supplied spproximately 60 x 105 viable
orgenisme per pound of feed.

in this experiment, both straing of the organism were tested with the
begel diet (83«1 in the presence and in the absence of condensed fish
solubles. This substance heas been found to stimmlete the growth of L.
bifidua, in vitro. Consequently, it was ineluded in the basal diet with
the expectation that this treatment would cause the preliferation of the
organism in the intestinal itraet of the chick and, hence, further magnify
any effect high numbers of this organism might have on growth., Since,
in earlier studlies, the jresence of lactose in the diet caused an incresase
in the number of these orgenisms whieh are normally present in the cecs,
thig earbohydrate was inecluded in the study with lyophilized preperations
of each gtrain of the organism.

During the course of this expsrimsnt, e controel group of birds was
inoluded in beoth series which involved the basal diet with end without
fish solubles., Fhysiologieal saline was sdministered orally toc the birds
in these sontrol groups in place of the suspensions of viabls organisms,

The results of this gtudy, whioch are pressnted in table 18, indicate



Table 18

The effect of viable preparations of Lagtobascillue bifidus on the growth

of chicks tc 4 weeks (experiment 18)
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Group Supplement
number

Average weight
4 weeks in grams

Average gain
in gms. over
neg. control

Ko fisgh solubles

1. None (salina) 327 *0.82 (17) ——
2. ¥Vt $ (inoeculated) 316 14,00 {20) - 11
8. C 31 (inooulated 302 =~ 8.32 (20) - 25
4, 10 ppm penicillin (seline) 345 $10.73 (20) 18
5e A 2+ 4 340 222,80 (16) 13
6o is 3 4 4 346 % 8.80 (19) 19
e None 306 & 8,31 (20) ——
Be V&t 3 (lyophilized) 311 211.14 (20) 8
B C 31 (lyophilized) 323 Hi, 74 (20) 18
4% fish molubles
10. lione {saline) 339 4 7,96 (20} -
11, V& 3 (inoculated) 319 4+ 8.40 (19) - 20
12, ¢ 31 (iroculated) 337 $10.68 (19) - 2
13, 10 ppm penicillin (seline) 3549 $ 7,32 {20) 10
14, Ag 11 * 13 336 2o.88 (18) 3
15. As 12 & 13 345 + 9.16 (19) 10
10% lactoss
16. None 818 4 9,20 (18) SR——
17. Vt 8 (Qyophilized) 202 hi.40 (17) - 24
18. ¢ 31 {(lyophilized) 312 #11.27 (138) - &
( }represcnt the number of surviving chicks.

fslose to significance at 5% level when compavred with 3,

wut significant at the il level when compsred with 17.

Signifieance bazged un T teuxt,
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that those chicks which were inoeulated orally with either organism seemed
to ¢row less rapidly then their controls, when fish solubles was either
2dded to or omitbted {rom the bDasal diet, The apparent depression which
was observed in group I apuroached the § per cent level of gignificance.
The addition of penicillin to the diets with and without fish solubles
apparently negeted the effect of the orgsnism. ¥hen the lyophiliszed ore
penisms were employed, no difference in the growth rate was noted (compare
groups & and ¢)., However, when the lyophilized preparations were sdded
to the dist in the presence of 10 per cent lactose, a decreasge in the
growth rate was noted. When compered with groaup 1, the decrsasz in the
growth rate of the chicks which were fed lyophilized Vi 3, in the preseuce
of 10 per cent lectose, was signifleant. The depression in growth ir this
instance was 35 grams. n the other hand, when the averars weirht of the
olrds fed Vit 3 enéd lactose were ocumpared with the bassl dist with added
lactose {group 16), the apparent decrease in the rate of rrowth was not
sirnificant.

The effect on ehick growth of either organism was not further marmie
fied by the presence of fish solubles in the diet, Howevepr, if roups 1
and 10 are compared, it will be noted that a slight increage in the creowth
rate occurred when [ish solubleg was present in the diet of the chicks
whieh received only saline,

fhe number of L. bifidus which were present iz the ceca of revresenta-
tive birds from certain experimental groups was estimated. Approvriate
dilutions of the cecal content of these birds were plated on Tupon agar
and inoubated anaerobically in Brewer Jars. After 4 days incubation at
3706, the small pinepoint colonles, whlch appeered on the plateg, were
counted. Sirce both orgsnisms form this type colony on plates of Tugon
ager which are incubated ansercbicelly, it was felt that *hig was a fair

meagure of the sotual mumber of orpanisnms.



The results of the bactericlogieal exemination of the ceca of the
birds which were seleeted from several of the experimental groups are
rresented in table 18, The sddition of organisme to the diets in the
lvophilized state, or orally inoculating them into the chicks, seemed to
be reflected by the number of orgenisms whieh were detected in the cecel
contents. Furthermore, the addition of 10 per cvent lactose seemsd to
exert the most noticeatble effeel especially when lyophilized C 31 was adde-
ed to the diet., The addition of & per cent fish sclubles to the diet sescmed
to be ineffective in incressing the number of organisms in the ceca when
sither organism was inooculeted orelly inbto the chicks.

when penicillin was included in the diet of the birds which were orally
inoceulated with orgenism straln Vi &, in place of the expected decrease
in the number of L. bifidus, there was an incremse in these organisms
(compare groups 2 and 5).

Although, in general, the number of organisms in the cees were ine
creased when they were sdministered either in the fesd or by medisine
dropper, it is diffiocult from the data to stete thal any correlation exist-
ed, in this experirent, between the number of organiems which ware sobually
present in the cees and the growbth rate of the birds.

In experiment 18, an attempt was mede to influance the growth of
turkey poulss by the addition to dlet TSl of lactose and fish sclubles
sither alone or in combination. In this study, 11 daye-old Broad Bremsted
Bronze poults were used per experimentel group.

The results of experiment 1% are presented in teble 20. The sddition
of 10 per cent lectose to the diet regulted in an inoreese in the rate of
gain, The response whlch was observed with the entibiotie and aslsc the
combination of the antibiotie and lactose were both significent at the

5 per cent leveli. Furthermore, the addition of 4 per cent condensed fish



Table 19

The sffect of adminigtration of Lactobeoillus bifidus on the number of
these orgsnigms present in the ceca of 4 wasek old ohicks (experiment 1B)

Group Pinepoint colonies
nuxber Supplement Eugon agsr {enserobic)

No fish solubles

i, None 50

2. vt 3 (cral) 00 (=11}
5. ¢ 351 (oral) 770 {(-28)
5, As 2 4 10 ppm penieillin 620 { 18)

5% figh soludbles

10, Hone %80
11, T 3 (oral) 50 (=20)
14. V¢ 3 (oral) & 10 ppm nanieillin 120 {(« 2)

1% lactose

ibe None 380
17, ¥t 3 (lyophilized) 940 {-24)
18, ¢ 81 (lyophilized) 42680{ontivatod) (- 4)

*eounts expressad as the number of orgeniams per gram of cecal feces
on wet basis.xe’

{ )differenee in average gein bebween group and negstive contrel,



Table 20

The effect of lactose and penicillin on the growth of bturkey poults to
4 weeks (experiment 19)

Group Average welght Average gain
number Supplement 4 wesks in pgramg in gmg. over
neg. control

No fish solubles

1, None 492 27,14 (10) -————
2, 10% lactose 546 229.14 (11) 54
3. 10 ppm penicillin 617"  #22.89 (10) 126
4. As 2 * 3 664> 27,60 (11) 172

47 figh golubles

ER Hone 587°  #18.78 (11) R
6o 105 lactose 547 $20.76 ( 8) - 40
Te 10 ppm penisillin £18 B { 8) 30
B As € * 7 629 437,99 (10) 4z

( )raprasont the number of surviving chiocks.
Ssignificantly better then 1 at 57 level,
bgignifioantly better than 1 at 5% level,

Cpignificantly better then 1 at 5% level.

Significance based on T test.
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solubles to the basal diet resulted in e significant incvrease in the growth
rate (compare groups 1 and 5)., When lactose wes added to the diet in the
presence of fish solubles, the growth rate seemed to be retarded. Coinole
dent with this observstion was the sppearance of high numbers of L. bifidus
in the c¢seca of the poults. In dboth instances where the antiblotie and the
carbohydrate were added to the diet together, the average weight of the
poults was higher than that of each of the respective control groups
(compares group 1 and 4; 5 and 8)., Baecteriological snalysis of the ceoa
revealed that the satibiotic waes not effective in eliminating L. bifidus

from the ceoa.
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Vi1, The Iffect of aercbacter asropenss and Egoherichia coli
oa the Crowth: of Lactobagillus hifidus

gince, in sarlier studies, the mppearance of high numbers of L. bifidus
in *he ceca seersd to be corrslated with poor ehick growth, interesst in
the nutriticnal requirements of this organism was asroused., The orgeaniam
could not be cultivated in several of the complex media whieh were erployed

YELTRE
by Komoser {195l1). Recent work by $5%F5 et ale (1553)

has shown that the orgenism requires an unidentified fasctor for growth.
Thisg factor is present in fish solubles. It is of interest that this same
substance counbains an unidentified factor necessary for the rapid srowth
of ehiicks.

n the basgis of this work, the possibility exists that in the presence
of penicillin, E. coli and/or A. serogenecs synthesize a factor in the in-
tastinal tract of the chicks which promoted thelr zrowth. In the absence
of the antibiotie, on the other hend, L. bifidus may utilize this factor
at bhie 2xpense of the host and hence, depress its growth.

with this theory in mind, %wo exploretory Wwisis were performed to
determine il either E. coli or &, aerogenes will produce a factor which
stimilates the growth of L. bifldus.

The presumpbive tesgt, which has been desoribed on page 39, was used
to best the eflsctiveness of each organism, in the wlable state, on the
growbh of Le bifidus. 4 dense zone of growth of L. Pifidue was produced
directly below the streaked orzenisms in the nunber & medium (see avpendix).
This test, while only presumptive, indicated that the orpanisms, in some
way, oxerted an effect on the rrowbth of L. bifidus.

¥ith the development of the tube assay, in whieh L, bifidus is
ubilized as the test crganism, cne very recent test has been perfornmed

uging celis of L. coli which were prepared as desoribed in table 6, vage 40.
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Eaoch sample was neutralized and added to duplicate assay tubes at
levels of Oeod, 0uH, 1.0, and 240 ml, At the end of 48 hours inoubation,
the contents of sach tube was titrated with C,1 F FalH, ¥hile there was
no difference in the activity of any of the samples, progressively in-
creased activiby was observed with the 0.1, Cu5, and 140 ml lovels. iBxi-
mim shinulation of the organism seemed to be elicited by the 1.0 ml level
of the samples,

Since the organism wes grown on a medlum which contains phyteone, and
this substance contains the "f:_: bifidus factor®, further work is being
performed to determine the aetivity of E. 9_9}_3 and A. aerogenes treated

in a gimilar manner but grown on a synthetie medium.



DIBCUSSIOH

The results which hsve been obbained in this investigation indicate

thet Ygchorichia coli and Aercbacter aerogenes beneficimlly influence the

growth rate of chicks when added to diets which contain 10 ppm of procains
penieiliin G. In the absence of the antidiotie only slight ineresses in
grosth rate, if any, were obserwed.

While this investipgation wss in progress, three accounts appesrsd
in the literature which are essentially in agreement with the observaw
tions which are reported here. ‘nderson et el. (1952 b, and 1953 a)
adminisgtered broth sultures of . ¢oli to chicks and observed a slight in-
crease in the growth rate which was further signifieantly increased when
penicillin was also present in the diet, Addition of the cell-free filtrate
per se had no effect on the growth of chicks in tha absence of penieiliin.
However, when the entiblotic waa included in the dist with the csllfree
filtrate, growth was signifiocantly better than when the uninoculated stere
ile troth was fod in the presence cof the antibiotiec.

When nonevisble preparations of either E. coli or A. aerogenes were
added to the diets of chicks no affech on their growtn rate was observed,
Similarly, Anderson et el. (19453 b) sdded killed cells of E. 0oli to poult
diets in the ypresence and in the absence of penieillin. These investiza-
tors reaported that this treoetsent was ineffective., This would indicate
that viable organisms must be suppllied in order to obtein a growth resvonse.
This observetion is further supported by the faet ¥hat diess whieh eone
teined e high number of vieble ecliform eelig per pound wers nore effectlive
in promoting the growth rate of chicks than those dlets whieh sontained

fower orzaniams. Wide vTariability was ensountersd when baotericloglesl
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examinations were performed ou the ceca of birds whieh were fed diets cone
taining viable organisms., UHence, this difference in activity between diets
which contained high mumbers of visble organisms end those whieh contained
fewer orgeunisms can not be explained only on the besis of implantation of
the organism in the Intestinal trect.

The effectivenese of dietary microorganisms seemed to be influenced
by the environment in which birds were reared. #hen the chicks had access
to their drovpings, ao inersased gain resulted from the addition of viable
periiciliineresistant organisme. In fact, the ohicks which were raised on
litter without dietary organisms grew as well as those birds which were
fed the orpanismg, but raised in batteries. This mey have been & res:lt
of the ingestion of feces by the birds raised on litter, since Johanngon

et al. (1948) found high mumbers of . coli in the feces of ohicks.

The growth rate of chicks was alsc definitely influeneed by tho ens
vironmentel conditlions in which they were reared. A more rapid rate of
growth was observed in an environment whish was used only once previocusly
for rearing chicke when compared with the rate of growth of those birds
whieh wers reared on litter or in g battery in e room which wes used for
4 weeks out of every 6 for growing chiocks. This is surprising since
reports by Coates ot al, (1851 b, 1962) and Bird et al. (1352), indicate
that chicke which sre reared in a "new" environment fail to show & resoonse
%o sdded antiblotics.

The faret that the ahicks grew better in en environment whieh was less
iikely to be contaminated with undegirable mierocorganisms stresses the
irportencs of senitation in rearing ehicks.

It was obgerved that the birds which were raised in all environments
and fed the viable nenicillineresistant microorganisms grew as well ag the

birds whieh received penieiliin, In sddition, no inoresse in srowth reate
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oscurred when penisciliin and the organisms wers added together, 1t is
poasible that, in this study, there was no competlitlion between the tvpe
of organisms which wers added and the type which were present in the ene
vironment &s & noermal contamdnant.

In three experinents the sddition of viable penicillin-resgistant
mloroorganismg toe a diet which contained fish meel, in sddition to corn and
sovbean oil weal, had no sffect on growth., Howesver, the addition cf organe
ismus to & diot which wes Yormilated to eontain sub-opntimnl quantities of
the unidentified faoctor presert in soybean oil meal {(Hill, 15485 Hill end
Brigus, 1950) but which contained ample quantities of the unidentified
factor reporved to be present in fish meal (Weise 2t al, 1949} siightly ime
proved the growth rate of the chicks. (reater gains wore obitained when
penieillin wae algoc included in this diet with visble organisws. Improved
growth was a2ise observed wanen a cornesoybean oll meael ration, without {ish
meal, was used.

if 4. serogenss aﬂd/br E. goll supplied e factor which csused 2 growth
rosponge 1n the ehicks, these cbservetions imply thet this fachor wes ine
volved in sa interrelationship between theo factors reported to be present
in fish resl acd soybsan o0il meal. The presence of both smubstanees in the
dict ssemod {o spare the {metor which was supplied by the micrcorgenisms.
tm the othsr hand, when either substance wae abgent, the growth rate was
fevorably influenced by the presenes of viable venicillin-resistant mieroe
orzenisws in the diet.

Some evidence was cobialned in this invesitigation whieh indiecetes that

o

N

fe coli, wnen added Tc o purified diet cen spere the dietary reguiremont

of the chick ror seriain vitemins of the B ocomplex. The addition of viable
organisms or penicillin tw a diet which contained no added biotin inereased

tne proweh rate of the chicke, Thie cobservation is irn agreemsnt with
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waibel gﬁfﬁ&, (1952 ) who found an inerease in the biostin content of esgs
es & resalt of fesding penieillin., However, when both the antibiotie and
organisn were sdded in combinstiorn, growith wes no batter than that observed
when either supplemsnt was used alone. This suppests that inereased syne
thesis of biotin by the organism did not ocecur in the presence of the
antibiotic,

¥Wo evidence was obtained to indigate that the organism could synthes-
ize pantothenic acids In fact, & depression of the rate of srowth was
nohted when organisms were added Yo a pantothenic scid deficlent dist. This
depression approaohed signifileance, The antiblotie, when used alone in
the pantothenic acld deficient diet, zaused an increase in the gsrowth rabe,
It is interesting that the addition of organisms o the dist which cone
toined the antiblotic caused s depression in the growth rafte when the average
gain of this group was compared with the averape gain of that group whieh
roeceived anly the autibiotie. It is poesible that, in the ypresenes of
venieillin, pantothenioc acid may have besn synthesized Ly an organlism other
then E. eoli. The addition of E. goli to diets which cuntain mubeopbimal
quentities of pantothenie scid, under the oonditions of this experiment,
seoms to be detrimental te the growth of the animal. This would indeed
be a faetor worthy of consgideration if the ineclusion of wviadle orgunisus
in poultery feeds is evembually proven to be of practical importance.

Blaylock ot al. (1952) found that the dietary reguirement for ribow
flevin by the chick was grarod by penieillin., Their observetion was again
ccafirmed during this investigation. E. goll, when added %o the diet aloue,
caugsd & siight inercase in‘thé growin rate. lowever, & sippifiocant resyponse
wns noted when the antiblotle and orgsuliesm were ineluded togethsr, in the
dist wnick was deficlent n riboflievin, Acbuelly, the respones ws sresber

shen that whigh was observed when both supplements were added to the basal



raSion which was complete in all vitamins Imown to bs reguired by the

The indiceation that &, geli spares the dietary regquirsment of the
aiigk for cerdtain I vitamine lends soxe support to the nosialets that
antiblotics promote growth by incrsaging the availability of sgegantial nue-
trients. 7The evidence obteined in this study indicates that at leagt two
esgentisl vitamins, blotin snd ridboeflavin, meay be involved. 3inoe anti-
bioties have besn shom to reduce the number of fastidious organisms in
the intestinal traet of the chiock by anderson gt ail. (1882 b), darch and
riely {1562), and others, it is possible that the sompetition betwess ine
tostinal organisms and the host for ceritais mwbtabolites is sbolished by
the addition of entiblotlos to the dlet of the hosit. The addition of both
organism and entiblotio supplements together tu & praetical bype diel,
wihich oontains adequete amounts of the § vitaming mown to be regulred for
the c¢hick, causes an inerease in the srowth rate. Yenoe, the compiete
wecnenisn whereby antibiotics and dietary microvorganisms exert an effect
on growth, can not be explained only on the basis of the findings as dige
cussed above.

When 4. serogenes was grown in Koser's citrate broth which ccubained
100 univs of peniociliin per ml, the antibiotic 4id not inhibit the growkn

oi the test orgenism, Licrococcus pyopgenes Var. sureus {strain 209 F),

after fermsntation. No increased growth wes obssrved whien & portion of the
broth, which supplied the equivalent of 14 ppm of penielllin, wag added to
the diet. tHence, this indiostes that the orpganism, under the conditions
of this experiment, did not conwvert the penieiliin molesuls into an active
entity. Also, these data indiecate that in order tov be effeetive, the anti-
biotle mast be in an eotive form. This then, would lesnd gupport tc the

observations of Luockey {(1952) who found that antibioties were ineffeetive



in promoting the growsh of Jerrelree ohicks, aud concluded tnal they

funciion throvzh s change in the intestinal microficra.

£
o

“hen A. seropenes wag grown Lo Yoger's clitrate broth, ac avidencs

was obbained to sapport the view Uhat tue orpganliom could svoitheglize a
srowth fector for the chick in vitre in &« synthetic gediuvm.s The Tiltrate
from the broth cultures nad nc effeect on chlek growtii., Likewise, the cells
whieh wore grown in this medivm Feiled 4o sxert any effect on chick growth.
Yet, in most insbances, when the organism was grown on the surface of
Fupgon egar, the growth rete of ohicks was favorably influenced., Hinoce
Mugon apar ig a complex medium, 1t is possible that certaln precursere
of a factor are supplied by this medium end enzymetisc processes within the
coll mpke possible the synthesls of the factor. Vhen cellsg of either orw
ranisn were rendered lnactive by treating them with 70 per cent etiyl
eleobol, no icerease ln the growth rate was noted, lowever, when penw
icillin wss added to the diets whieh contsluned the cells of 4., uercpencs
whieh had beexn trostsd with ethyl alechol, zrowth was considerably better
than that observed with the chiocks which were fed diets with the twoe sup=-
nvlements added sepsrstely. This is of interest since it indiestes the
porsibility that s factor within the oell may be liberated by ethyl alcohol.

In sontrest o the fevorable effects whiech were sxerted on the growbh
of chicks by the dietery sdministraticn of vieble penicillin-resistant
misroorganisms, L. bifidug appeared %o exert & detrimentel influence. i
deerenss in the growth rate of the ohicks eoinecided with the oral inocculgw
tion ¢f this organism.

The strain of the organism which wes isclated from the cecal fecss
of & chiok (I 3L when it wes inocculated intc the chicks, caused & decrease

in the growih rate which approached significance. Similarly, the cohicks

which received the strain of the orgeanism which was isclated from & poult (V% 8)
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also showed & decreage in the rate of gain dut it wes not as mark-d as
that produced by streic ¢ 3l. vhen penicillin wes included in the died
of the birds which weore orally inoculated with sither organiem, the growihn
vate waz simbilar Yo bthat which wag observed when panleillin wes Mod 0 @&
senbrol sproup of unincorlabed birds. Howgvwer, no reduetion in the nuwmbeyr
of j.bifidus was found in the ceca of the orally inoculebded birds fed pen
ieillin. 4 decrsase in the numbsr of organisms wes expeotsd, since the
crganisa wes found %o be highly susoeptible to penlelllin in vive by
Romoger ef al. (1982). renlecillineresistant forms of the organism were
detected in some ingbances, however. The presenee of high numbars of

(.. Bifidus in the csoa of orally lnoculabed chiocks which were fed the antle

i
o

tiotle was due, iu sii probabllity, % the rresence of resistent streics
ol the orgenism. The frequency with which the organisms were sdministered
end the high pusber of viable cells per doge would certeinly promis the
development of reslstant strains.

Lyephilized preparaticns of elther strain Vo § or € 81 exeried no
effect on the growbh rete., The birds whieh were fed diots sunclemented
with those materials grew as rapidly as the sontrol group. Howevar, a
significant depression of the gzrowth rate took plece when one siraln (Vi 3)

wag adndnistered to the ehicks in a diet which corteined 10 por vent lace

s

toee. ~lso, Lhe count of L. bifidus was slightly higher in the ceca of
reprepontative chieks from this group than in those chicks whish were fed
the diet eonbeining lactose but no added orgenlsms.

Sn esrly repord which mentioned the nutritionally fastidious nature
of the avien straln of L. bifidus (Zomeser, 1951}, hes since beosn confirped
by Veltre et al. [1533). n the besis of thess reports, = miorobiclogiesl
assay has been devsloped by Shord and Veltrs (1953, unmblished dabte; which

uses the avian sirain of u. bifidusg s the test organism. Verlous
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orepareations, which have bean shown o contain unidentilied factor activisy
for the ohici, especially condansed fish golubles, have also bsen shown

to stimilate the growth of the btest orgenism. a4t the present tine, no
correlstion exlsts between the chieck assay o1 the mierobiologioal assay
when certaln fractionstion procedures are performed on the crude supplo=
pent. In exploratory trials, wviable cells of %. coli and A. merogenes

have both stimulated the growth of L., bifidus in vitro. In additioa, celle

-

ef £, coll whieh wore treated with 7C per cent alechol or svtoclaved abt

pil 4,0 stimuleted the growith, in witre, of L. bifidus.

These very recent trials suggeet that the coliform organlsms contain
an intreceilular growth factor for L. bifidug., If this fector, at a later
date, is found ¢t be respousible gisc for the stimulation of cenick growth
vhon these vrganisms ere sadded to the diet, a sstisfectory explanation of

the role of i, coli, 4. serogenes, and L. bifidus in the over-all mechan~

lgm of the growth stioulation of poultry by antibiotice will be svalliable,



SUMMARY

The sddition of lyephilized preparstions of Escherichis gcli and

Aerobacter seropenes to chiek diets which ocontained 10 ppm procaine pen-

iciliin C caused a significant lneresae in the growth rate of the birds
to 4 weeks of age. The addition of the organlisms to dlets which contained
no sdded santibiotic wag of little consequence.

4 chiek starting mesh was fermented with A. sercgenes, and the driled
sreparetion whieh conteined viable organisms of A. esérogenss, was also
found %o exert a hensficial effeot on the growkth of chicks in the presence
of the smtibiotic. This material, when it was sdded to the diet, supplied
ebout 30 x 1G7 viable organisme per pound of feed when used st a lesvel of
2 per cent: Whsn several roplications of trials in whioch fermented pro=-
duebs and lyophilized vreparations were compared, the latter preperation
wag found to be more offective than the formwer in promoting the rate of
growth, if penieillin was alsc inocluded in the diet with the viable
organisme.

When 4. merogenss was grown In desp, aerated culture in a synthetieo
medium, neither the e¢:lisg nor the cell«free filtrate had an effeet o the
growth of the birds.

Growing A. aerogenes in Xoser's cltrete broth, which contained 100
units of proecaine psnicilliin G prior to fermentation, destroyed the antie
microbial activity of the antibiovtic., ithen an equivelent of broth, cale-
culated to supply 14 ppm of penielilin, was added to the diet, thers was
no growth stimaletiom wivioh is usually observed when active peniodlliin is
used.

o definite correletion could be made between the number of orpanisms

which were fed in the diset and the number of organizms present in the osoce



of the chioks at 4 weeks of age.

Both organisms, when thev were added together to a diet whieh oou-
teined fish weal end soybeny oil meal, caused no shange in the growth rate
sither in the presence or in the sbasence of peniecillin. However, sigifi=-
cant responses wers obtained when the orgenisms and the antibiotic were
incluéad together in diets which conitained only one of the crude sunpie-
nenbg,

The sdministretion of viabla organisms te ehicks whieh had mcceas to
their droppings wes ineffective in increasing tho rate of rain of the
birds. However, when birds which were grown in an environment which was
used only oncs, 12 monthe previously for housing chieks, and in = new
vattery brooder, the adminigtration of the penicill in-resistant micro-
orranisms caused an incresse in the growth rate.

The dietery administretion of k. goli %o ohicke fed & purifiled diet
which eontained no added pentothenic acid signifieantly depressed growth
in the presence cf penielllin. Also, the orgenisms alone, ceused a do-
crease in the rate of growth when they were added to the diet low in
pentothenls seide On the other hand, the orgsnism stimuleabed the growth
rate of chicks which were fed a diet to whieh no bliotin was added. This
stimulation aspproached gignificance at the & per cent level., Similarly,
the gddition of the lyophilized preparation to a dlet which contained no
added riboflevin increased the rate of gsin., The usual incresmsed growth
rate, over thst obtaived with the orgunism alone, was sgain observed when
penicillin wes added to this diet.

The introduetion of two streins of i, bifidus direotly intc the crop
of chicks decreased the growth reate of the birds. The sirsin of the ore
gonism which was isolated frome turkey (Vt 3) devressed the growth rate

glightly, whereas, the strain of chieck origin (L 31) ceused & retardatiom
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of growth wnich spproached significance,

then lyophilixed preparations of the crganiocms were employed, a ree
tardation of growth was obgerved only when lactose was present iv the diet
at & level of 10 per cent.,

The growth of L, bifidus was stinuleted by viable cultures of both

A. sercgenes and f. coll in vitro. Algo, cells of E, coli when treated

with elochol, or sutoeleved 2t pi 4.0, oxerted a stimuletory effect on the
growth of L. bifidue when the tube sasay of Shorb and Veltre (1658, unmibe
lished dete] was used.

Although lyophilized preverations of noneviable cells of either

Es goli or A. serogenes hed nc effeet on chick growth, both organisms

whon treated with 7C per cent ethyl eleshol increased the growth rate of
ehicks. This vhenomenorn wsz more marked in theose chicks which were fed s
diet containing celis of 2, seropenes, previcusly treated wita alcohol snd
10 pom of procalne penicillin €, than 1¢ was in the birds which were fed

the I'y ¢oll preperation with the antibiotic.
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Compogikion of iledium Fermented With Aerobsctsr asrogenes
Used in Experimant 22

BoC.F. #1°

£RI8 «
Biopar C 1,0
Leaotoae 0,26
fodium ammenium phosphate 0.15
Honopotessium phesphate 0,1G
Dlstilled Hp0 (pH adjusted to 7.0) 100 wi
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*ihen used, in experiment 22, at a level of 0.5 per cent
in diet R-134, this material had no effect on the growth
rate of the birds to 4 weeks.
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