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The f in d in g  th a t  c e r ta in  a n tib io t ic ®  stim u la te  th® growth o f  c h ic k s ,  

poult® , and o th er r a p id ly  growing animal® when included  in  th e ir  d iet®  ha® 

aroused mmh in t e r e s t  among in v e s t ig a to r s  in  th® f i e l d s  o f  n u tr it io n ,  oh©m- 

i® try , and b io lo g y  regarding the ex a ct mode o f  a c t io n  involved* The e lu 

c id a tio n  o f  th e  mechanisrn o f  a n t ib io t ic  growth ®t i s o la t io n ,  a s id e  from th e  

n u tr it io n a l im p lic a t io n s , would indeed be a va lu ab le  co n tr ib u tio n  to  th e  

f i e ld  of human and -veterinary medicine*

In a r e la t iv e ly  sh o r t p er io d , a f t e r  the announcement by Stoke tad  and 

Juices (1960) th a t  c r y s ta l l in e  aureomyoin was e f f e c t iv e  in  promoting the  

growth o f  c h ic k s , numerous rep o rts  became a v a ila b le  on th e e f f ic a c io u s  use  

o f such a n t ib io t ic s  as p e n i c i l l i n ,  a u rco sy c in , terram ycin , b a c itr a c in , and 

streptom ycin  in  animal feed s*  The b e n e f ic ia l  e ffe c t®  o f  th ese  a n tib io tic ®  

on th® growth o f c h ic k s , poult® , and swine le d  to  th e ir  wide acceptance a® 

d ie ta r y  supplem ents by th e  feed  industry* The va lu e  o f a n t ib io t ic  feed  

supplem ents approach©e th e  f ig u r e  o f  ISO m ill io n  per year and s a le s  o f  

a n t ib io t ic s  in  th e p u r ifie d  form fo r  v e te r in a ry  use are estim ated  a t  #6 

m illio n  (L a c ier , 1 9 6 1 ).

Several a n t ib io t ic s  which d i f f e r  ch em ica lly  have been reported  t© 

serve as growth prosnotants* Some work has shown th a t  in je c te d  m o ie tie s  o f  

a n t ib io t i c s ,  in c lu d in g  th o se  having a n t ib a c te r ia l  a c t iv i t y  and th o se  which 

have b@en rendered in a c t iv e  by h eat or ensyxnatio a c t i v i t y ,  are devoid  of  

growth promoting p rop erties*  A ccord in gly , i t  i s  b e lie v e d  th a t  a n tib io tic ®  

e x e r t  th e ir  e f f e c t  in d ir e c t ly  through a ltera tio n ®  o f th e  in t e s t in a l  m icro- 

f lo r a  o f  th e  h o st  in stea d  o f  function ing, as a m etab o lite  per m*

The T!»in th e o r ie s  p er tin en t to  th® mode o f a c tio n  o f a n t ib io t ic s  in
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promoting growth may be l i s t e d  as fo llow s*  ( i } a n t ib io t ic *  h a w  a s t a t i c  

e f f e c t  on c e r ta in  in t e s t in a l  micro or {ganlsas, th e  .metabolic by-products o f  

which are d etrim en ta l to  th e growth o f  th e  anim al, (2 )  th e  drug prevent*  

th e  e x c e s s iv e  p r o life r a t io n  o f  c e r ta in  in t e s t in a l  m icroorganisms which  

compete w ith  -fee h o st  fo r  e s s e n t ia l  n u t r i l i t e s ,  (3 ) as a r e s u lt  o f  d ie ta r y  

a d m in istra tio n  o f  a n t ib io t ic s  an imbalance o f  in t e s t in a l  b a c te r ia  i s  e s 

ta b lish e d  whereby c e r ta in  su rv iv in g  organism s produce an as y e t  u n id e n tif ie d  

growth fa cto r*  (4 )  la r g e  amounts o f  known n u tr ie n ts  are sy n th es ised  fo r  

in t e s t in a l  ad sorbtion  thereb y  b e n e f ic ia l ly  a f f e c t in g  th e  h o s t ,  and (5 )  a n t i-  

b io t ie s  fu n c tio n  to  b ring about p h y sica l changes w ith in  th e  in t e s t in a l  t r a c t  

to  enhance th e ab sorption  o f n u tr ie n ts .

E arly  s tu d ie s  by Komoser a t  s i * (1952) revea led  th a t  th ree  in t e s t in a l  

microorganisms appeared to  be a f fe c te d  when a n t ib io t ic s  w ire adm inistered  

to  c h ic k s . When a n t ib io t i c s ,  e s p e c ia l ly  procaine p e n ic i l l in  G* were in 

cluded in  the d ie t s  o f ch ick s a t  a le v e l  o f  ISO ppm, an in crea se  in  the  

number o f A erobaeter aerogenes and I s c h e r ic h ia  c o l l  norm ally p resen t in  th® 

o ssa  was n o ted . When no a n tib io t ic ®  were ad m in istered , and when ch ick  

growth was e s p e c ia l ly  poor, high numbers o f La e to b a o il lu s  b if id u *  were ob

served . t h is  organism was r a r e ly  seen  in  b ird s  which responded fa vorab ly  

to  a n t ib io t ic  treatm en t.

C onsequently, t h is  in v e s t ig a t io n  was in i t ia t e d  in  an e f f o r t  to  d e te r 

mine i f  th ese  th ree  organisms cou ld  be d e f in i t e ly  r e la te d  to  the o v e ra ll  

mechanism o f a n t ib io t ic  growth s tim u la t io n , or i f  th e ir  appearance was on ly  

c o in c id e n ta l .

Experiments were performed w herein variou s mashes were ferm ented with. 

A erobaeter aerogenes and used as supplem ents in  ch ick  d i e t s ,  th e  e f f e c t  

on ch ick  growth o f o r a l ly  adm inistered  preparation® co n ta in in g  v ia b le ,  pure



$

c u ltu r e s  o f  A» asrOganes,  E* c o l l*  and L* b tf ld u s  was in v estig a te d *  S tad ias  

wars a ls o  performed to  determin© th e  o f f s e t  o f  environm ental and d ie ta r y  

in flu e n c e s  m  th e  growth response o f  ehielcs to  antibiotics, Triable micro

organism s, ftfid a eoa b in a tio n  o f  a n t ib io t ic s  and v ia b le  raleroorganisaw .



m v x m  OF THE LITO.lA.TOiE

The Us© o f  A n t ib io t ic s  in  P ou ltry  N u tr itio n

F o il owing th© d isco v ery  th a t  v itam in  was i t t  tv® in  r©p t m la g  a  

su b s ta n tia l p o rtio n  o f  th© fa c to r  p resen t in  animal p ro te in s  which i s  nec

e ssa r y  fo r  th© h a te h a b il ity  and growth o f  ch ick en s, ©a in te n s iv e  search  

was begun fo r  a r e a d ily  a v a ila b le  source o f t h is  v itam in  which would p r o f it 

a b ly  lend i t s e l f  to  Incorp oration  in to  animal f e e d s .  The L cderle group, 

u sin g  a ©hi©k a s sa y , found th a t  th e  resid u e  from, m sh a s which had been 

fermented w ith  Streptomyoe® a u reefa o len g , In th® preparation  o f  aureos^rein, 

was an e x c e l le n t  source o f v itam in  Big and, in  f a c t ,  found th at t h i s  sub

stan ce gave b e t te r  growth than d id  c r y s ta l l in e  B^g ( Stokstad  ©t a l . , 1949). 

Tills added response was a scr ib ed  to  a second *animol p ro te in  f a c to r ” but 

fu rth er  inv© s t ig a t io n  le d  to  the announcement by Stokstad  and dukes (1960) 

th a t  the a d d itio n a l fa c to r  p resen t in  th© ferm ented product m s  due to  the  

presence o f  r e s id u a l amounts o f aureoayein  which m s  n ot removed by the 

e x tr a c t io n  p ro cess .

Th© e f f e c t  o f variou s a n t ib io t ic s  on the.grow th  o f  ch ick s  and p o u lts .
im utm r   .............. i 1 •-■!“ "■ t— y r r i  l i iff" H1l‘‘-r"~ - ttir■ n r  *Mll‘n—‘im iiT ' r r " mu fl‘lM-Wnr^ririrrrhnr"riflr')ir'' ■ v" TifiTinrTTiTtrfir—•r ffV>tniifnr**rw niiiiimniiiriT-hrnnnMTiHimn nmii  i n «. . . . mi .*  iwfcwmnui.  >i.ir.mii(»altMti mti iti t t  i.wrmi

In an e a r ly  r e p o r t , B riggs ©t a l .  (1944) s ta te d  th a t *ulfaeuxidin©  and high  

l e w i s  o f  a sco rb ic  a c id  s t  Insula ted  th® growth o f  ch ick s  when th ese  drugs 

were added to  p u r if ie d  r a t io n s  which were adequate in  a l l  n u tr ie n ts  than  

known to  be req u ired . Moor© ©i a l .  (1946) a ls o  found th a t  streptom ycin , as  

w e ll  as sulf&auacidin®, could  stim u la te  th e  growth o f  chick® . These e a r ly  

accounts appeared a t  a tim e when c o s t  and a v a i la b i l i t y  o f  a n t ib io t ic s  ren

dered n o n -p r o fita b le  th e ir  in c lu s io n  in to  animal feed®. However, in t e r e s t  

in  th© use o f  a n tib io tic ©  as feed supplements was renewed when Stokstad  and 

dukes ( i9 6 0 )  reported  th a t  c r y s ta l  1 in© aureoiaycin fa v o ra b ly  a f fe c te d  th®
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growth o f  ohioks* ih ite h iX l e t  s i*  (19S0) added 100 ppm o f  p e n ic i l l in  to  

a eors-eoybean  typ e  d ie t  and found a t th© and o f  four weeks th a t  ch ick  

growth was increased* McGinnis e t  a l*  ( i9 6 0 )  showed th a t  streptom ycin  gave 

supplem ental growth s tim u la t io n  to  on ick s and p o u lts  abcnm th a t which m s  

obtained w ife  th e  co n tro l d ie t*  !4oor© e t  a l*  (1 9 4 6 ), and la t e r  Groschk© 

and Ewans (I9 6 0 ) a ls o  rep orted  th a t  c r y s t a l l in e  streptom ycin  would stim u

la t e  f e e  growth o f  chicks* In a d d it io n , fe e  e f f e c t  Itch  e s s  o f  'b acitracin  

in  th e  s tim u la t io n  o f  th® growth of ch ic k s  was dem onstrated toy Kramke 

and F r it s  (1 9 6 1 ). th ese  In v e s t ig a to r s  found f e a t  t h i s  a n t ib io t ic  a fford ed  

optimum growth s tim u la tio n  o f ch ick s  to  four weeks o f  age when th® le v e l  

in clu d ed  in  th© d ie t  was 10 ppm.

Based on t h i s  p relim in ary  work, exp erim en tation  w ife  leve l®  and 

o t ie r  c o n d itio n s  which would e l i c i t  optimum r e s u lt s  w ife  variou s c r y s t a l l in e  

a n t ib io t ic s  was in it ia t e d *

Bird e t  a l*  (1961) found th a t  th® a d d itio n  o f 260 ppm of c r y s t a l l in e  

aureomyein to  an a i l -p la n t  p ro te in  r a t io n  stim u lated  th© rapid  growth o f  

ch ick s  to  s i *  weeks o f  age* A fter th is  t im e , however, th e  growth r a te  was 

sh arp ly  reduced toy th e  couplet®  withdrawal o f fee  a n t ib io t i c .  Coates « t  a l*
*w «w a* « w m w »

(1 9 6 1 a ), u sin g  25 ppm o f  c r y s t a l l in e  auroomy®in  in  th e  d i e t ,  ob tained  e x c e l

l e n t  r e s u lt s  and lagjrma and Edgar (1961) reported  th a t  t h i s  a n t ib io t ic  gave 

a growth response o f 20 per c e n t over th e  basal r a t i o n  a t four weeks* S co tt  

e t  a l * (1 9 a )  obtained  no response to  15 ppm aureomyein when i t  was added 

to  a t e s t  r a t io n  c o n s is t in g  of ground corn , soybean o i l  m eal, EC m ethionine  

and m inerals and known vitam ins* However a d e f in i t e  response to  th e  a n t i 

b io t ic  was o b ta in e d  when co m  d i s t i l l e r s 1 s o lu b le s ,  condensed f i s h  so lu b le s .,  

and whey and b u ty l ferm en tation  s o lu b le s  w ere a l s o  p re se n t*  These r e s u l t s  

seem to  in d ic a te  th a t  th #  crude supplem ents war# supp lying a fa c to r  which
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was n ecessa ry  fo r  th e  a n t ib io t ic  re span®©* A s im ila r  r e la t io n s h ip  was 

found t o  e x i s t  between  a n t ib io t ic  response and th e  presence o f  crude sup- 

p iesa n ta  in  th© d ie t  by Bird ( l $ 5 l ) # who reported  th a t a trep to a y e ln  gave 

an optim al re sp o n se  a t  a k f e l  o f 40 ppm d u rin g  th© f i r s t  f iv e  weeks o f 

growth i f  f i s h  meal was presen t in  th® d ie t  but mach h igher l e v e l s  o f  th® 

a n t ib io t ic  were needed on an a l l  -v e g e ta b le  p ro te in  ration*  Elam e t  a l*

(1953a) reported  th a t  ch ick en s a t  ten  weeks o f  age w hich had been fed  an a l l  

v e g e ta b le  r a tio n  supplemented w ith  33 ppm of p ro c a in e  p e n i c i l l i n  were la r g e r  

than th o se  b ird s  which, r e c e iv e d  no a n t i b i o t i c  supplement*

Reynold* e t  a l*  (1951) compared l e v e l s  o f  2 and 5 ppm o f  p e n i c i l l i n  

and terraiayein  in  ch ick  d ie t s  and concluded th a t th e  two a n t ib io t ic s  were 

o p tim a lly  e f f e c t iv e  a t  the lo w est le v e l  used and compared id e n t ic a l ly  w ith  

each o th er , gram fo r  gram., in  so fa r  as growth promoting a c t i v i t y  i s  con

cerned , Fraake and F r itz  (1951) fed  graded l e v e l s  o f  sev era l a n t ib io t ic s  

In p r a c t ic a l  s ta r t in g  r a t io n s  'to ch ick s  and p ou lts*  M r® o sse in , b a c itra c in #  

p e n i c i l l i n ,  and terras^® in gave optimum s tim u la tio n  a t  a l e v e l  o f  10 ppm  

P e n ic i l l in  a t  a l e v e l  o f  5 ppia was more e f f e c t iv e  than any o f  th© other a n t i 

b i o t i c s ,  Hftximim percentage g a in s ,  amounting to  about 20 per c en t w ith  

ch ick s and s l i g h t l y  h ig h er  w ith  'turkeys, were observed a t  about fou r weeks 

o f  age* When s ir e p to s y e ln  was added a t  a le v e l  o f  66 ppm to  a oorn-soybean  

o i l  meal typ e r a t io n , A tkinson and Couch (IS 51) observed th a t  th e  growth o f  

p o u lts  was stim u la ted  by about 15 per cen t a t  e ig h t  weeks* In a s e r ie s  o f  

experim ents in v o lv in g  f iv e  r e p lic a t io n s #  o t t e r s  on e t  a l*  (IS 52.) found th a t  

male ch ick s  fed  p ro c a in e  p e n i c i l l i n  a t  a le v e l  o f 2*2 ppm fo r  e ig h t  weeks 

w eighed approxim ately 16 per ce n t laore than th e ir  r e s p e c tiv e  co n tro ls*  fhe  

response obtained  w ith  p e n ic i l l in  was g re a te r  than th a t obtained  w ith  compar

ab le l e v e l s  o f aureociyoixij strep tom ycin , terra a y o in , and b a c itr a c in *  The 

percentage gain  in  every  in sta n ce  was decreased when 2*5 per c e n t  f i s h  meal
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was included  in  th e  d i e t .  Th® d a ta  su g g es t t h a t  th e  b e t t e r  th e  q u a l i ty  o f  

th e  r a t io n  w ith  r e s p e c t  to  p r o te in  and v i ta m in s , th e  l e s s  th e  re sp o n se  to  

a n t i b i o t i c «

The ex a c t  optimum J o w l  o f  any o f th© a n t i b i o t i c s  n ecessary  to  © lic i t  

m ax im a grow th response has n o t been c o n c lu s iv e ly  determined* However,

2 -5  ppm o f p e n i c i l l i n  and 6-10 ppm o f  t e r  rainy© in ,  b a c i t r a c i n ,  aureomycin, 

o r streptoa^roin at*© now g e n e ra l ly  used Mien fe e  p resen ce  o f  an  a n t ib io t ic  

in  a  p r a c t i c a l  p o u l t ry  r a t i o n  i s  d e s i r a b le .

Among many other i n v e s t ig a to r s  who have reported  th a t a n t ib io t ic s  pro 

mote th e growth of ch ick s and p o u lts  arcs Branion and K i l l  (1 9 5 1 ), H ouser 

and Morris (1 9 5 1 ), and W aibel e t  a l .  (1 9 6 2 a ),
— m -i mn-mm* '

A side from  in f lu e n c in g  growth* a n t i b i o t i c s  have a ls o  bean r e p o r te d  to  

e x e r t  o th e r  e f f e c t s  when in c lu d e d  in  fe e  d i e t s  o f  p o u l t r y .  Some of th e  more 

im p o rta n t a s p e c ts  o f th e s e  f e a tu r e s  o f  a n t i b i o t i c s  w i l l  be review ed*

The e f f e c t  o f  a n t i b i o t i c  a on th e  e f f ic ie n c y  o f fe e d  u t i l  i s a t io n  of 

oil in k s  and tu rk e y  p o u l t s . Some in v e s t ig a to r s  have r e p o r te d  t h a t  a n t i b i o t i c s  

fa v o ra b ly  in f lu e n c e  fe e  e f f ic ie n c y  o f  fe e d  u t i l i s a t i o n  by p o u l t ry  w h ile  other®  

have re p o r te d  n e g a tiv e  r e s u l t s *  A f te r  11 w eeks, Berg; e t  a l .  (1950) found 

f e a t  ch ic k s  w hich were fe d  a  c o rn - soybean o i l  meal ty p e  d i e t  c o n ta in in g  

6 .8  p e r c e n t  f i s h  meal w ith  o r w ith o u t .25  per c e n t  au re o a y e in  fersw n ta tio n  

p ro d u c t r e q u ire d  ap p ro x im a te ly  3*0 grams o f  feed  p e r  gram g a in  in  w e ig h t. 

However, th e y  concluded, t h a t  th e  a n t i b i o t i c  supplement enhanced fe e d  u t i l i s a 

t i o n  s in c e  th o s e  b i rd s  which, w are fe d  t h i s  p ro d u c t w ere o n e - fo u r th  pound 

h e a v ie r  than th e  c o n t r o l s .  B ie ly  e t  a l * (1961a) a l s o  showed t h a t  d e f i n i t e  

in c re a s e s  w ere o b ta in e d  in  th e  e f f i c i e n c y  o f fe e d  u t i l i z a t i o n  by c h ic k s  which 

were fed  d i e t s  c o n ta in in g  an aureomyoln fe rm e n ta tio n  p ro d u c t. S im ila r  re 

s u l t s  were o b ta in e d  by S c o tt  and G lie ta  (1950) and Grosehke and hvmns (i9 6 0 )*
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B ird  e t  a l * (1951) p re se n te d  r e s u l t s  w hich in d ica ted  t h a t  oryet& ii ia e  tsureo- 

mycin (20 ppm) im proved the fe e d  co n v ers io n  rat©  o f  groups o f  c h ic k s  a t  th© 

end of fo u r  and s ix  weeks w hich w ere fed  p r o te in  l e v e l s  of 15 , 17 , 19 , and 

21 p er ceat.^

N egative  e f f e c t s  of p an ic  i l l  i n ,  s tre p to iq y c in , and au reo sy o in  on th e  

feed  e f f ic ie n c y  o f  c h ic k s  a f t e r  e ig h t  weeks were re p o r te d  by  liewang (1 9 5 2 ).

?3'o d iffe r e n c e s  were obtained by Carpenter and Buoteworth. (1952) in  feed  e f f i 

c ie n c y  r a te s  between groups of b ird s  which were fed  d ie t s  w ith  and w ith ou t  

aureooycin fo r  21 weeks*

Th.© s p a r in g  e f f e c t  o f a n t ib io t ic s  on th e  requirem ent o f p o u ltry  fo r  

p r o te in ,  known v i ta m in s ,  and, u n id e n t i f i e d  growth f a c t o r s . koGinnlg (1951) 

r e p o r te d  t h a t  p o u lts  w hich were fed  d ie t s  c o n ta in in g  24 per cen t p rotein  

and supplemented w ith  p e n i c i l l i n  weighed a p p ro x im a te ly  th e  same a t  f o u r  week© 

a s  th o se  b ird s  which were fed. d i e t s  c o n ta in in g  28 p e r c e n t  p r o te in  b u t no 

a n t i b i o t i c .  Jones and Combs (1951) no ted  a  s p a rin g  e f f e c t  on th e d i e t a r y  

req u irem e n t o f th© c h ic k  fo r  tryptophane b u t n o t ly s in e  when aureoiayein was 

added to  d i e t s  w hich were sub-optim al in  th e s e  amino a c id s*  S c o tt  e t  a l*
KritdW*! *=»«•**»

(1S52> a ls o  s tu d ie d  th e  in flu en ce  o f  a n t i b i o t i c  oa th© p r o te in  requirem ent 

o f th e c h ic k . D ie ts  were fe d  which contained 20 , 17, and 14 per c e n t  p r o te in  

r e s p e c t iv e ly  w ith  and w ith o u t 16 ppm o f aureoayoia# In th e  presence o f th e  

a n t i b i o t i c ,  g a in s  w ere more r a p id  a t  th© 14 and 17 per cen t l e v e l s  o f  p ro 

t e i n  th a n  th ey  w ere in  th e  absence o f  th e  a n t ib io t i c *  However, th© im prove

ment in  p r o te in  e f f i c i e n c y  wag no b e t t e r  th a n  th© improvement i n  o v e r - a l l  

fe e d  e f f ic ie n c y *  I t  was c o n c lu d ed , th e re fo r® , th a t t h e r e  m s  no ev id en ce  

o f a p r o te in - s p a r in g  a c t io n  o f th e a n t ib io t i c *  fthen an  aureomycin fe ed  sup

p lem ent was added to- ch ick  d i e t s  w hich c o n ta in e d  IS , 17 , 19 , and 21 p e r c en t  

p r o te in ,  m eh li.n  e t  al* (1982) n o ted  t h a t  a t  fo u r  and e ix  weeks maximal 

w eigh ts were obtained  a t th© 19 p e r c e n t  p ro te in  le v e l*  On th e  o th e r  h an d ,
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nhffn no a n t ib io t ic  was included  i s  th e  d i e t ,  g r e a te r  ga in s war# observed  

I d, th e  groups o f  b ird s  which wore fe d  th e  21 per oont p ro te in  d i e t s ,  when 

th ey  were compared w ith  th o se  bird® which were fed  lower l e v e l s  o f  p rotein*  

fkm fu n c tio n  o f a n t ib io t ic s  in  prem oting the growth o f ohioks is *  in  

a l l  p r o b a b il ity ,  m il t ip i©  in  nature* Hence, the statem ent th a t  p ro te in  i s  

sp a re d  g a r  sc i s  not J u s t i f i a b l e *  The a p p a re n t sparing of d ie ta r y  p ro te in  

co u ld  r e s u l t  from  an a l t e r a t i o n  o f fee  in t e s t in a l  mi© rof 1 ora by th e  a n t i -  

b io tio *  I f  t h i s  does o c c u r , a sy n th e s is  o f in d iv id u a l amino a c id s  which  

are l im it in g  in  th e  low p r o te in  d ie t s  would appear l ik e ly *  T h is  th eo ry  i s  

fu r th er  s u b s ta n t ia te d  by ex p e rim en ta l evidence w hich su g g ests  th a t  a n t i

b io t i c s  a ls o  spar© th e  d ie ta r y  requirem ent fo r  vitam ins*

Ole? son e t  a l*  (1950) and Stoke tad and Jute## (1951) reported  th a t  aur®o- 

my©in e x e r ts  a sp arin g  e f f e c t  on th© requirem ent fo r  v itam in  h *  by th® ehiek*  

Poor growth was observed by B ie ly  and larch  (1961b),. whan a se m i-p u r if ie d  

r a tio n  d e f ic ie n t  in  f o l i c  a c id , r ib o f la v in ,  and n io o t in ic  a c id  were fed  to  

©hicks* However, th© a d d itio n  o f aureosiycin to  th© d e f ic ie n t  d ie t s  pro

duced ch ick s  having w eights s im ila r  to  th o se  b ir d s  which were fed  th e  com plete  

basal ratiosi* S lin g er  ©t a l*  (1952a) observed th a t  th® progeny o f  dams 

which wore fed  p e n ic i l l in  grew more r a p id ly  than progeny from dams which r e 

ce iv e d  no a n t ib io t ic *  Prom t h i s  th ey  suggested  th a t  p e n ic i l l in  may b ring  

about in crea sed  sy n th e s is  o f  v itam in# In th e  in te s t in a l  t r a c t  o f  the dam 

which are subsequently  d ep o sited  in  th e  y o lk  and u t i l i s e d  by th© d evelop in g  

chick* la ib e l  efc a l * (1952b) in d ir e c t ly  measured th e  sparing e f f e c t  o f  pen

i c i l l i n  on th e  requirem ent fo r  b lo t in  and f o l i c  a c id  by f in d in g  in crea sed  

amount® o f th e se  v itam ins in  th© eggs o f  dams fe d  t h i s  a n t ib io t ic *  Cosuon e t  a l *

(1950) found an i nerea#® in  r ib o f l a v in  co n ten t of th e  blood o f  p u lle t®  whloh 

were fe d  aureetqyeixu Ho a a anti Xacowits (1952) used d ie t s  sub-optim al in
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vitam in  0 and reported  th a t p e n ic i l l in  seemed t© d ecrease th e  amount o f  

t h i s  v itam in  n®eo**&ry fo r  normal bone c a lc i f ic a t io n *

A d d ition a l evidence which in d ic a te s  th a t  a n t ib io t ie s  spar® th e  d ie ta r y  

requirem ent fo r  c e r ta in  B v itam in s m s  presented  by HLayloak e t  a l*  (1952)#

They found th a t aureomycin and panic 111 in in crea sed  th e  growth ra te  o f  

ch ick s  which more fed  d ie t s  inadequate in  r ib o f la v in ,  c h o lin e , and vitam in  

®12 b u t, th© a n t ib io t ic s  mere w ithout e f f e c t  when th e d ie t s  were inadequate  

In pyridoxin© , p antothen ic a c id , or n iac in *  /«ben d ie t s  which were d e f ic 

ie n t  in  n ia c in  wore fed  to  c h ic k s , Holeon and S co tt  (1952) concluded th a t  

n e ith e r  p e n ic i l l in  nor aureomycin spared th® n ia c in  requirem ent or a c c e n t-  

u atsd  n ia c in  d e f ic ie n c y .

l-n id e n t if ic d  fa c to r  a c t iv i t y  has been a scr ib ed  to  th® fo llo w in g  crude 

supplement®* f i s h  meal (Weis® ©t a l *» 1949 )% f i s h  soluble®  (Sunde e t  a l . ,  

1 9 5 0 ) i dried  brewers* y e a s t ,  whey, and c e r ta in  l iv e r  products ( ?%ng® e t  a l *,  

1 9 4 9 )j w ater e x tr a c ts  o f  l e a f y  green vegetable®  (Kohlar and Graham, 1951)*  

and r e c e n t ly , in  dehydrated a l f a l f a  (Yavieh e t  a l # , 1953)* Some report# have 

appeared which in d ic a te  th a t  a n t ib io t ic #  spar® th® fa c to r #  p resen t in some 

of these supplements.

done# and Combs (1951) rep orted  th a t  e i th e r  panic 11 Hr* or aureomycin 

were e f f e c t iv e  in  sparing th© u n id e n tif ie d  fa c to r s  sup p lied  by f i s h  m®al, 

mola#a®s ferm entation  s o lu b le s ,  &nd/or d ried  brewer * s y ea st*  Likcwia®, S c o tt  

and Jensen (1952) obtained data which in d ica ted  th a t  aureomycin spared the  

requirem ent o f p o u lts  fo r  an u n id e n t if ie d  .fa c to r  not p resen t in  f i s h  meal 

t o  a g rea ter  e x te n t  than fo r  th® u n id e n tif ie d  fa c to r  sup p lied  by f i s h  meal* 

B atterson  and Slngpen (1951 ) found th a t  g rea ter  growth resp on ses could  b® ob

ta in ed  w ith  a n t ib io t ic s  when no f is h  meal was p resen t in  th e ration*  Aureo- 

myoin, t e r r a c e  in ,  and streptom ycin  gave resp on ses whloh were s t a t i s t i c a l l y  

eq u iv a len t to  th e  b a s a l which was auj?plemon tod  w ith 2*5 per cen t f i s h  meal*
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S liu g er  e t  a l*  (1952b) added grass j u ic e  c o n c e n tra te  to  a c o rn , o a t  

g r o a t s ,  f i s h  meal typo  p o u lt  d i e t  a t  l e v e l s  o f  2*6 and 5*0 p er  cen t*  

P e n i c i l l i n  a t  a le v e l  o f  10 ppm gave a  resp o n se  in  term® of e f f i c i e n c y  o f  

fe e d  u t i l i s a t i o n  o n ly  in. th e  case  o f no g ra s s  ju ic e  su p p lem en ta tio n  o r 

when i t  m s  added a t  th e  2*6 p e r c e n t  le v e l*  They su g g es ted  t h a t  p e n i c i l l i n  

caused  in c re a se d  s y n th e s is  o f  th e  g rass ju ic e  f a c t o r  w ith in  th© i n t e s t i n a l  

t r a c t  o r raade th© f a c to r  more r e a d i ly  a v a i la b le  f o r  th© p o u lt*

The s p a r in g  e f f e c t  o f  a n t i b i o t i c s  f o r  th e  d i e t a r y  requirem ent c f  

c h ic k s  f o r  v ita m in s  and u n id e n t i f i e d  growth, f a c to r s  s t r o n g ly  su g g e s t t h a t  

th e  i n t e s t i n a l  f l o r a  o f th e  h o s t  i s  invo lved*  In  b o th  in s ta n c e s  i t  would 

ap p ear t h a t  e i t h e r  n u t r i t i o n a l l y  f a s t id io u s  o rg an ism s, w hich r e q u ire  th e se  

substances a re  e l im in a te d ,  o r  t h a t  c e r t a in  organism s re s p o n s ib le  f o r  th e  

s y n th e s is  o f  th e s e  fac to r®  a re  in creased  in  th e  in te s t in e *  The o v e r - a l l  

co m p lex ity  o f  th© mod# o f  a c t io n  o f a n t i b i o t i c s  in d eed  w a rra n t f u r th e r  

r e s e a rc h  b e fo re  any d e f i n i t e  co n c lu sio n s  may be a t ta in e d *

Th© Hod® o f  A ctio n  o f A n t ib io t ic s  in  Promoting Growth 

The meohanisa w hereby a n t ib io t ic ©  e x e r t  t h e i r  e f f e c t  on growth, i s  © t i l l  

not c l e a r l y  d efined*  Some in v e s t ig a to r s  b e l ie v e  t h a t  a n t i b i o t i c s  o r  f r a g 

ments th e r e o f  e x e r t  a  v i ta m in - l ik e  a c tio n *  Other® s t a t e  t h a t  th e y  e l im in a te  

to x in  p ro d u c in g  organism s from  th® in t e s t in a l  t r a c t*  The th e o ry  has been 

proposed  t h a t  organism s which sy n th esis©  known or unknown grow th f a c to r s  

a rc  in c re a s e d  w i th in  th e  i n t e s t i n a l  t r a c t  o f t h e  an im al w hich i s  b e in g  fed  

th© a n t ib io t i c *  I t  h as  ale©  been  p roposed t h a t  su b -d isea se  l e v e l s ,  mani

f e s t e d  o n ly  by body w eig h t, a re  e r a d ic a te d  e i t h e r  by grow ing th e  c h ic k s  in  

environm ents in  w hich no ohioks have been  p re v io u s ly  r a i s e d  o r by supplement

ing  th e  fe ed  w ith  a n t ib io t i c s *  Soma ev id en ce  h as  been  p resented  to  in d ic a te  

th a t  p h y s ic a l  e ffe c t®  a r e  b ro u g h t ab o u t in  the an im al w hich re n d o r i t  more
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a n t i b i o t i c s  nay s t i l l  'be c a p a b le  o f  producing changes in  th© i n t e s t i n a l  

b a c te r ia *  Favorable ev id en ce  to  su p p o rt t h i s  view  h a s  been  presented  in  

a t  l e a s t  two r e p o r ts *  Abraham o t  a l*  (1941) r e p o r te d  th a t  in j e c te d  pen

i c i l l i n  was e x c re te d  i n  the i n t e s t i n a l  tr a c t  and L arson  and Carpenter 

(I9b2  a )  d em o n stra ted  th a t aureom yelo, a f t e r  in j e c t io n ,  i s  e x c re te d  in  th® 

fe c e s  o f  p igs#

h d i r e c t  a t t e s t  was isad© by Luokey (1952) t o  d e te rm in e  i f  a n t lb io t io s  

a c t  a s  m etab o lites#  lie found  th a t  th e  a d m in is t r a t io n  o f  s t e r i l e  a n t i 

b i o t i c s  in  s t e r i l e  d i e t s  w ere i n e f f e c t iv e  in  s tim u la tin g  th e grow th o f  

g e m -fr o e  c h ic k s .  On th© o th e r  h and , co n tam in a ted  b i r d s  responded  fa v o r 

a b ly  t o  d i e t a r y  a n t ib io t ic ® .  Prom th e s e  o b s e rv a t io n s ,  i t  m s  concluded  

t h a t  a n t i b i o t i c s  a r e  more l i k e l y  t o  fu n c t io n  th ro u g h  i n d i r e c t  e f f e c t s  on 

th e  i n t e s t i n a l  m io ro flo ra *

A side from th e  o b s e rv a t io n s  r e p o r te d  above, s o w  work has been perform 

ed w hich im p lie s  t h a t  a n t ib io t ic ®  e l im in a te  to x in -p ro d u c in g  a n a e ro b ic  bac

t e r i a  in  th e  i n t e s t i n e  o f  th© h o s t  and thereby p e rm it th® anim al to  grow 

a t  a  norm al r a te #  Reports have a l s o  b een  p re se n te d  w hich i n t i  r a t e  th a t  

oth er b a c te r i a  a re  in f lu e n c e d  an d , c o n se q u e n tly , a c t  i n d i r e c t l y  to  promote 

growth*

th e e f f e c t  o f a n t ib io t ic s  on i n t e s t i n a l  b a c t e r i a # There ap p ear t o  be 

no rep o rt®  l a  th e  l i t e r a t u r e  w hich s ig n i f y  th a t  toxin®  a re  produced in  th e  

i n t e s t i n a l  t r a c t  o f  c h ic k e n s  by C lo s tr id iu m  p erfr in g en a * f le v e r th e le s s ,  

s o w  in v e s tig a to r®  have attem pted t o  c o r r e l a t e  th e  r e d u c t io n  o r com plete  

e l im in a t io n  o f th e s e  b a c t e r i a ,  n o rm a lly  p r e s e n t  in  th® i n t e s t i n a l  t r a c t ,  

w ith  in creased  grow th a s  a  r e s u l t  o f a d m in is te r in g  a n t ib io t ic ®  to  ch ic k e n s  

and tu rk e y s*  W illiam s (1960) observed  t h a t  t he o r a l  a d m in is t r a t io n  o f  

p e n i c i l l i n  o r  o f  aureom ycin  cau sed  a  marked d e p re s s io n  in  th© number o f 

h em o ly tic  to x in -p ro d u c in g  an ae ro b es  in  th e  i n t e s t i n a l  t r a c t  o f  th© chick*
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S im ilar ly#  S ieburth  e t  a l .  (1951} reported  ifta t p e n ic i l l in  and terrai^roln  

in h ib ite d  th e  growth o f  £ .  p erfr ln gen s in  the ceea  o f  tu rk ey s. W ill ia m  £ t  a l .

(1951) adm inistered  s t e r i l e  to x in s  o f  0# Ctype A')# b#

Cm h 1 sto ly tiettc i, £* to ta n l t C* novyl, and C* oed^aaatoidoa e ith er  in te r  

d o a c a lly #  or o r a l ly ,  th ese  to x in s  f a i l e d  to  have aa e f f e c t  on the growth 

o f  C licks in. th© presence or absence o f  aureosQreitu

Johansson e t  a l .  (1962) found th a t th ere  was a d ecrease in  th e  in*  

t e s t i s a l  o lo s t r ld la  o f  r a ts  which were fed  aureoiqyein* Larson and Carpenter 

(1962 b) in  work w ith  p ig s  found th a t  the number o f  f e c a l  Clostridia m s  

reduced but th a t  th ere  was no c o r r e la t io n  between t h i s  ob servation  and th e  

growth o f  th e  host*

O bservations m do by Smyser e t  a l * (1962) f a i l e d  to  lend support to  

th e  en terotoxem ia concept s in c e , over a s ix  week period# they observed  

on ly  a s l ig h t  d ep ressio n  in  the number® o f C* p e r fr ia g en s  in  th© fe c e s  o f  

chick® which wore fed  aureooyain  supplemented d ie ts*  Moreover# an in crease  

in  th e  number o f  th e se  organisms was noted whan p e n ic i l l in  was fed* I t  i s  

d i f f i c u l t  t o  conclude from any o f  th e se  papers th a t  th® red u ction  at* th© 

numbers o f  C lo s tr id ia  i s  anyth ing  oth er than an e f f e c t  rather than a cause*  

A side from a lte r a t io n s  in  th e numbers o f  th ese  organisms# many workers 

have presented  data to  in d ic a te  th a t other sp e c ie s  o f  b& oteria and th e ir  

numbers are a lte r e d  m a te r ia lly  by th® feed in g  o f  a n t ib io t ic s *

Much ev id en ce has been presented  which shows th a t  in te s t in a l  b a c te r ia  

can sy n th e s ise  c e r ta in  vitam ins* Pam e t  a l*  (1957) and Greaves (1929) have 

shown th a t  the s y n th e s is  o f v itam in  K tak es p lace  in  th e in t e s t in a l  t r a c t  

of r a t s .  The in c lu s io n  o f 1 per oen t su lf& euxid ine in  a vitam in  E fr e e  

d ie t  produced a h igh  in c id en ce  o f  hypoprothr©mbin errda in  eeeeehoisised  r a t s .

The f a c t  th a t  t h i s  syndrome i s  ab sent when no su lfa su x id in e  i s  fed  in d ic a te s  

th a t  v itam in  & i s  sy n th es ise d  by organisms which are s u s c e p t ib le  to  th©
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drug . (Day e t  a l * 1940)* M ille r  (1940) was a b le  bo indue# n u tr it io n a l  

d e f ic ie n c y  symptom by  fe e d in g  r a t s  h ig h ly  p u r i f i e d  diet®  w hich c o n ta in e d  

suee t o y ! s u l f athtosol©  a t  l e v e l s  o f  0*2 and 5*0 p e r cen t*  th e  syizptom  

were c o r r e c te d  by  fe e d in g  b lo t to  and f o l i c  ac id*  A d e c re a se  In. th e  number 

o f c o l i fo rm  organ ism s i n  th e  f e c e s  o f th e  r a t s  was o b serv ed  when th e y  were 

fad th e  d ru g . L ess b l o t t o ,  f o l i c  a c id ,  and p a n to th e n ic  a c id  was excreted  

by th e s e  r a t s  th a n  was ©worsted by thorn  anim als which were n o t fed  the  

drug*

Beelidel a t  a l * (1928) reported  th a t c a t t l e ,  and p o s s ib ly  a l l  other  

ruminants cou ld  sy n th e s ise  th e  vitam in  & complex in  th e rumen* Further

work on t h is  p a r tic u la r  problem lias been presented  by  Fairbanks and Krider 

(1944 a , b ).

Couch e t  a l * (1950) found th a t the co n cen tra tio n  o f r ib o f la v in ,  n ia c in ,  

p an toth en ic a c id , b lo t t o ,  and f o l i c  a c id  was h igher to  th e c ec a l f e c e s  o f  

nature ch ick en s and tu rk eys than i t  was to  the in t e s t in a l  co n ten t of  th© 

ease b irds* Perhaps th ere i s  a g rea ter  degree o f  b a c te r ia l sy n th e s is  o f  

vitam in s in  to© ceca  than th ere  i s  in  th© sm all la te s t !n o *  S in ce , compara

t iv e ly  h igh er numbers o f  b a c te r ia  were found in  th e  oeca by Shapiro and 

S e r ie s  (1949)*

TIi© extreme s u s c e p t ib i l i t y  o f  c e r ta to  in t e s t in a l  'bacteria  to  some o f  

the a n t ib io t ic s  known to  promote th e  growth o f c h ic k s  would indeed lea d  

soma support t o  the th eo ry  th a t  a n t ib io t ie s  fu n c tio n  to  rough an a l t e r a t io n  

o f the in t e s t in a l  m icrofiora*

Peppier a t  a l*  (1950) observed a marked decrease to  th e  number o f s o i l -  

form b a c ter ia  to  th e  ce c a l f e c e s  o f  p u l le t s  which were fed  a carbon-adsorbed  

polymyxin preparation* This in h ib it io n  p e r s is te d  fo r  sev era l days a f te r  

th e a n t ib io t ic  was withdrawn from th e  d i e t .  Anderson e t  a l » (1952a) stu d ied  

th e  e f f e c t  o f  p ro te in  level®  o s  th© ce c a l b a c te r ia l f lo r a  o f  eh iok en s t o



th e  presence and absence o f p e n i c i l l i n  and aureoityoin. In c re a s in g  th e  

p ro te in , le v e l  had. no e f f e c t  on th© a e ro b ic  b a c t e r i a l  ty p o s  but th© a n a e r

o b ic  ty p e s  w ere d e c re a se d . P e n i c i l l i n  enhanced th e  c o ilfo rm  and l a c t o -  

b a c i l l i  c o u n ts  and reduced  th e  © nterooooci. Aureomycin l ik e w is e  b ro u g h t 

ab o u t an in c re a s e  i n  th e © oliform  ty p e s  b u t d e c re a se d  th e  l a c t o b a c i l l i  up 

to  th #  t h i r d  week a f t e r  w hich tim e th e s e  o rgan ism s in c re a s e d  in  number 

w ith in  th e  c e c a .

An in c r e a s e  in  th e  co u n ts  o f  A* ae ro g en es  and ft# c o l i  was observed  in  

th© ceca  o f  c h ic k s  fe d  d i e t s  w hich co n ta in e d  ISO ppm p ro c a in e  p e n i c i l l i n  Q 

Pomoser e t  a l ,  1 9 5 2 ), These in v e s t ig a to r s  a l s o  c o r r e la te d  th e  ap p earan ce  

o f h ig h  numbers o f L# b i f ld u s  in  th© ceca  w ith  poor g row th . T his o rgan ism  

was d e c rea se d  o r t o t a l l y  e l im in a te d  upon th #  a d d i t io n  o f  p e n i c i l l i n  to  th© 

d ie t*  R osenberg e t  a l . (1932) w ere u n ab le  to  e l im in a te  o r even  m a te r ia l ly  

reduce  th© b a c t e r i a l  f l o r a  o f  th e  i n t e s t i n a l  t r a c t  o f  c h ic k s  when th e y  fed  

l e v e l s  o f  te rra m y e in  16 tim e s  in  ex c e ss  o f  th e  recommended am ount. In  f a c t ,  

th e  e n te ro c o e c i c o u n ts  w ere s ig n i f i c a n t l y  g r e a te r  among th© groups r e c e iv 

in g  th e  h ig h e r  l e v e l s  o f th© a n t i b i o t i c .

March and B ie ly  (1952) s tu d ie d  th e  e f f e c t  o f  fe e d in g  aureomycin o r  th® 

b a c t e r i a l  c o n te n t  o f c h ic k  f e c e s .  These inv©©ti g a tors found t h a t  th e  le v e l  

o f aureom ycin which i s  c u s to m a r ily  added to  c h ic k  s t a r t i n g  ration.®  produced 

a s t a t i s t i c a l l y  s ig n i f i c a n t  d e c re a se  i n  tin© l a c t i c  a c id  b a c t e r i a .  C o n tra ry  

to  th e s e  f in d in g s ,  A nderson e t  a l . (1952b) fe d  to  chick® d i e t s  which c o n ta in e d  

to rram y c in  and found in c re a s e s  in  th© i n t e s t i n a l  l a c t o b a c i l l i  which were 

c o r r e la te d  w ith  im proved grow th.

The e f f e c t  o f  a n t i b i o t i c s  on th® i n t e s t i n a l  m ic ro f lo ra  was a ls o  s tu d ie d  

by Kratser ®t a l ,  (19 61) who n o ted  t h a t  th© in c lu s io n  of streptom ycin  in  

th® d i e t s  o f  chick® and p o u lts  r e s u l te d  in  a 5-10 f o ld  in c re a s e  in  th© y e a s t  

population  o f th e  i n t e s t i n a l  c o n te n ts .  F u r th e r  e x p e r im e n ta tio n  p e r t in e n t
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to  th e  e f f e c t  o f  a n t i b i o t i c s  on i n t e s t i n a l  b a c te r i a  h as  been perform ed 

by Cook e t  a l . (1952)* These w o rk ers  fe d  d i e t s  c o n ta in in g  p e n i c i l l i n  to  

tu rk e y  p o u lts  and found t h a t  l a e t© b a c i l l i  co u n ts  war# reduced  by t h i s  t r e a t 

ment in  th e  duodenum and in  th e  sm all and la rg e  in te s t in e *  P e n i c i l l i n  

fe e d in g  b ro u g h t ab o u t in c r e a s e s  in  th e  o o lifo rm  b a c te r i a  o f th e  sm all and 

la r g e  i n t e s t i n e s  w hich ranged  from  10-1 0 ,0 0 0  fo ld*

from  th e  rep o rts  rev iew ed in  t h i s  and o th e r  s e c t io n s  i t  im j  be seen  

t h a t  a n t i b i o t i c  in f lu e n c e  on th e i n t e s t i n a l  b a c te r i a  a re  indeed  d iv e r s e  

and some o f  th e  c o n c lu s io n s  a re  in  d i r e c t  c o n f l ic t*  In  view o f  th e  mul

t i p l i c i t y  o f th e se  r e p o r t s  and t h e i r  wide v a r i a b i l i t y ,  o n ly  g e n e r a l i s a 

tion®  imy be made. The fo u r  groups o f  i n t e s t i n a l  b a c te r i a  which seem to  

be im p lic a te d  w ith  an tib io tic*  fe e d in g  a re  th e  a o lifo r m s , e n te r o c o c e i, C lo s

t r i d i a ,  and l a c to b a o i l i i #

F u r th e r  ev id en ce  to  s tr e n g th e n  th e  " b a c te r ia l* co n cep t h as  been 

p re se n te d  by s e v e ra l  w o rk ers  who have s tu d ie d  the in flu en ees  o f  v a r io u s  r e a r 

in g  env ironm ents on th e  re sp o n se  o f p o u l t ry  to  a n t i b i o t i c s .

The in f lu e n c e  o f environm ent on th e  grow th re sp o n se  o f  c h ic k s * I t  was 

shorni by C oates erfe a l  > (1951 b , 1952) t h a t  c h ic k s  which w ere r a i s e d  from  

one day to  th r e e  weeks in  q u a r te r s  n o t p rev io u  s ly  u sed  f o r  r e a r in g  c h ic k s  

f a i l e d  to  show a re sp o n se  to  p e n i c i l l i n .  The th e o ry  was proposed  by th e se  

in v e s t ig a to r s  t h a t  an " in f e c t io n *  was p re s e n t  in  th o se  b i rd s  which were 

housed in  o ld  q u a r te r s  and , h en ce , responded  to  th e  a n t i b i o t i c .  No bac

t e r io l o g i c a l  d a ta  were p re se n te d  to  co n firm  t h i s  p o s tu la te .  L ik ew ise , Davis 

and B rig g s  (1961) w ere u n ab le  to  o b ta in  a re sp o n se  from  a n t i b i o t i c s  when 

c h ic k s  were housed in  new q u a r t e r s .

B ird  e t  a l * (1952) a ls o  p re se n te d  ev id en ce  which su p p o rted  th e s e  ob

s e r v a t io n s .  They showed t h a t  c h ic k s  housed in  o ld  env ironm ent responded  

to  aureomyein a f t e r  one week b u t  no re sp o n se  was a p p a re n t u n t i l  a f t e r  th r e e
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weeks In  a  new environm ent. S im ilar r e l a t io n s h i p s ,  r e l a t i v e  to  th e  growth 

re sp o n se  o f c h ic k s  t o  a n t i b i o t i c s  in  o ld  and new q u a r t e r s ,  were observed  

by H ill  ©t a l .  (1 9 5 5 )• In  a d d i t io n ,  th e se  in v e s t ig a to r s  showed t h a t  th e  

t o t a l  a e ro b ic  b a c t e r i a l  oount in  the ceca o f th e  c h ic k s  in  th e  o ld  environ*  

menfc wms h ig h e r  than  in  th e  ceca  o f th o se  b i r d s  r e a re d  in  a new en v iro n iaen t. 

Cor;bs e t  a l .  (1952, u n p u b lish e d  d a ta )  have a ls o  o b ta in e d  ev idence  w hich show 

t h a t  en v iro n m en ta l in f lu e n c e s  a re  ex trem ely  im p o rta n t in  d e te rm in in g  th e  

e f f e c t  o f  a n t i b i o t i c s  on th e  growth of c h ic k s .

T herefore, one m y  conclude  th a t  a l l  i n v e s t i g a to r s  are in  agreement 

w ith  the o b s e rv a tio n s  o f  Coatee e t  a l .  (1951 b, 1 9 5 2 ). A lthough th e s e  

r e p o r ts  f u r th e r  s u b s ta n t i a t e  th e  th e o r ie s  o f th e  m icrobial e f f e c t s  In a n t i 

b i o t i c  growth re sp o n se , more work i s  needed to  e lu c id a te  th e  c a u s a t iv e  

a g e n ts  of th e  a s -c a l le d  " in fe c t io n s * •

The e f f e c t  o f  a n t i b i o t i c s  on th e  a b s o rp tio n  o f  n u t r i e n t s .  A nother
  - - -      r  in -  •' i 1  r -  i  r  ~  -  inr-ri i u i n     -  |-rr  r   • - •  i  r r - n   in--~-i.n i •

approach  r e l a t i v e  to  th e mechanism of a n t i b i o t i c  growth s tim u la tio n  a s id e  

from th e  in flu e n c e s  o f a n t ib io t ic s  on th e m icrob ia l f l o r a  has been proposed 

by s e v e ra l  i n v e s t i g a t o r s .  Gordon (19132) m orp h ologica lly  compared b i rd s  

w hich w ere fed  a n t ib io t ic s  and no a n t i b i o t i c s  in  g e rm -free  and con ven tion a l 

environm ents• sp e c ia l e f f e c t s  o f  a n t i b i o t i c s  were apparent in  th e germ* 

fr e e  group . However, p relim in ary  h is t o lo g ic a l  f in d in g s  revea led  th a t  the  

i n t e s t i n a l  w a ll o f co n tam in a ted , con ven tion al b ird s fed  a n t ib io t ic s  was 

th in n er  than i t  was in  th ose  b ird* which rece iv ed  no a n t ib io t ic .  T h is  f in d 

in g  suggest#  th a t  perhaps ab sorp tion  o f n u tr ie n ts  through th e  in t e s t in a l  

w a ll i s  more e f f i c i e n t  when a n t i b i o t i c s  are fe d .

The work o f hj.gicovsky e t  a l .  (19S1) ha® shown t h a t  p e n ic i l l in  enhances 

th e  ab sorption  of ca lciu m . In  a d d itio n , v:9epper e t  a l .  (1951) noted th a t  

aureom yoln low ered th e  in c id e n c e  o f p ero s is  in  ch ick s which were fed  d i e t s  

l im i t in g  i n  m agan& se. h o ss  and Yaoowits (1 0&2) fed  ch ick s a corn-soybean
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o i l  s e a l  ty p e  d i e t  w ith  g raded l e v e l s  o f  4 , 8 , 30, and 600 ) .!=♦ o f  

v ita m in  Bg p e r  100 grams o f  d ie t  w ith  and w ith ou t p e n ic i i l i r * .  A t th ro e  

weeks there- was no evidence o f a s p a rin g  e f f e c t  on th e  v ita m in  £ require-* 

sasnt. P e n i c i l l i n  d id  cause a s ig n i f i c a n t  in crea se  in  the p e r c e n t  bon® ash  

a t th e  8 and 30 1*1% le v e l s  o f  vitam in £* These r e s u l t s  in d ic a te  t h a t  pen

i c i l l i n  d e c re a se d  th e  v ita m in  B requirem ent f o r  normal bone c a lc i f i c a t io n *  

The in c re a se d  a b s o rp tio n  of m inerals m y  be r e l a t e d  to  th e  o b serv a tio n s o f  

4ndersoa e t  a l .  (1962a)who re to r te d  t h a t  a n t i b i o t i c s  in  ©hick d i e t s  low ered  

the pH of  th e  c e c a l c o n ten ts*

o th e r  ev id en ce  ha® been p re se n te d  t h a t  th e  ra t©  or com pleteness w ith  

which n u t r i e n t s  a re  abso rbed  has a  d i r e c t  e f f e c t  on th e  growth of th e  chick* 

Ely (1961) p re se n te d  d a ta  which a s c r ib e d  a  growth promoting a c t io n  to  s tro n g  

s u rfa c e  a c t iv e  a g e n ts .  Since th e s e  m a te r ia ls  a lt e r  surface te n s io n , i t  i s  

l o g ic a l  to  as  sun-;© t h a t  t  he rat©  o f a b s o rp tio n  i s  a f fe c te d *  S te rn  e t  a l * 

(1962) w ere n o t a b le  to  o b ta in  a s tim u la tio n  o f grow th w ith  s u r fa c ta n ts , 

a lth o u g h  p e n i c i l l i n  in  v i t r o  d id  n o t lower th e  su rfa ce  te n s io n  o f f e e d , th e  

a n t i b i o t i c  s ig n i f i c a n t l y  low ered  th e  s u rfa c e  te n s io n  of th e  in t e s t in a l  con

ten t® . th ese  w orkers concluded  t h a t  th e  a c t io n  o f a n t i b i o t i c s  which stim u

l a t e s  growth a l s o  low ers s u rfa c e  te n s io n *

The e f f e c t  o f d ie t a r y  supplem entation o r  o r a l  ad min i s t r a t i o n  o f m icro

organism ® , feces*  and fe c a l  p reparations on the growth o f ch ick s and tu rk e y  

p o u lts . The o r a l  a d m in is t r a t io n  o f  e i t h e r  p re p a re d  .microo rg a n !sms or c e r 

t a i n  d ie ta r y  supplem ents w hich u lt im a te ly  a l t e r  the i n t e s t i n a l  b a c te r i a  a re  

by no means new methods o f stu d yin g  th e  r e l a t io n s h ip s  betw een I n te s t in a l  

m icroorganisms and n u t r i t i o n .  ?h© work o f B o d eile  (1 9 0 5 ), b i t t i e r  (1 9 0 8 ), 

and Bahrdt and B e ife ld  (1910) among many o th e r s ,  le d  th e s e  a u th o rs  to  th e  

c o n c lu s io n  t h a t  th e  d i e t  p la y s  a v e ry  im p o rta n t r o le  in  th e  d e te rm in a tio n  

o f th e  type of i n t e s t i n a l  microorganism® w hich w i l l  p red o m in a te • H ettger
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and H orton  (19X4) re p o r te d  t h a t  organism s o f th e  a c id o p h ilu s  and b if id u s  

ty p e s  c o n s t i tu te d  86-90 p e r  c e n t o f th e  f l o r a  o f  r a t s  which were fe d  & d i e t  

c o n s is t in g  o f  s ta rc h 9 la rd *  and 'p u r if ie d  proteinr* H il l  and fte ttg er  (1917) 

n o ted  t h a t  th e  d a i ly  a d m in is t r a t io n  o f 2-S  grams of l a c to s e  to  human sub

j e c t s  r e s u l t e d  in  an a c id u r ic  i n t e s t i n a l  m ic ro f lo ra  w ith in  2 o r  3 d a y s .

Sine® Xr&tser e t  a l .  (1962) o b s e m d  a 6-10 fo ld  in crea se  in, th e  in 

t e s t i n a l  y e a s t  p o p u la tio n  o f  c h ic k s  and p o u lts  which had been  fed  d i e t s  

supplem ented w ith  s tre p to m y c in , th e y  perform ed experim ents to  f u r th e r  

d e te rm in e  th e  r o l e ,  i f  an y , w hich th e s e  organism® played in  th e  growth p ro 

moting a c t io n  o f  th e  a n t i b i o t i c .  A y e a s t  t e n t a t i v e l y  i d e n t i f i e d  a* Candida 

t r o o ic a l i s  was i s o l a t e d  from  th e  i n t e s t i n a l  c o n te n ts  and fe c e s  o f  p o u l ts  

w hich had "been fed  a d i e t  co n ta in in g  60 ppm s tre p to m y c in . When l a r g e  masse® 

o f  th e c u l t i v a t e d  y e a s t  c e l l s  w ere fe d  back to  © hicks and p ou lts  very s l i g h t  

in c r e a s e s ,  i f  any , ■were no ted  in  some t r i a l s *

Siehurth e t  al* (1982) in v e s t ig a te d  the e ffe c t©  of fe c a l  supplements* 

c u ltu r e s  o f fe o a l organism s, and a n t ib io t ic  treatm ents on th e  growth o f  

tu rk e y  p o u l t s .  When p o u lts  w ere a llow ed  a c c e ss  to  f e c e s  from  m onth-o ld  

p o u lts  which were fed  a b asa l d i e t ,  no growth d ep ressin g  a c t io n  was observed*  

D ietary  su p p lem en ta tio n  w ith  a c u l tu r e  o f  th e  tu rk e y  f e c e s  tended to  d e p re ss  

growth* This d e p re s s io n  was overcome by a u to e la v in g  th e  c u ltu r e  o r add ing  

to  i t  5 ppm o f  procaine p e n ic i l l in *  These r e s u lt s  in d ic a te  th a t  one or sev

e r a l  m icroorganisms p re s e n t  in  th e  tu rk e y  fe c e s  was in creased  in  th e  broth  

c u l tu r e  and e x e r te d  a grow th d e p re s s in g  e f fe c t*

I t  was found by Ronoser e t  a l*  (1952) t h a t  c o l i  and A* a e ro gmms

w ere  in creased  in  number in  th e  ceca  o f  c h ic k s  w hich had been fed  nroc&in© 

p e n ic i l l in  S a t  a  l e v e l  o f 150 ppm. H igher numbers o f  th e s e  miercorgsmissse 

w ars c o in c id e n t  w ith  in c re a se d  growth. On the o th e r  hand , h ig h  number® o f  

h* b if id u s  w ere c o in c id e n t w ith  poor grow th. L actose fu rth er  in c re a s e d  th e
***,,. WU'W". .  W. .IW—
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number o f th ese  organisms in  the ceea 'when i t  was fed  in  th e d ie t  a t  l e v e l s  

o f from 10-15 per o cn t, and ehicka growth was fu r th er  depressed , When la c 

to se  was fed  in  combi n e t !  on w ith  p e n ic i l l in ,  th ese organisms were alm ost 

com pletely  e lim in a ted  from the ceca l c o n ten ts  and the growth o f ch ick s  on 

t h is  d ie t  e x c e l le d  th a t  o f  ch ick s which were fed. p e n ic i l l in  alone* I f  

E* p o ll  and A* aerogcaaa are resp o n sib le  in  whole or in  part fo r  the growth 

response o f  c h ick s  fed  a n t ib io t ic s ,  then i t  i s  lo g ic a l  to  assume th a t  th© 

oral admini s t r a t i  on o f la rg e  numbers o f th e se  organisms to  the ch ick s  might 

show a d e f in i t e  s tim u la tio n  o f growth. I f  the high la c t o b a o i l l i  cou n t, on 

the other hand, i s  re sp o n sib le  fo r  a d ep ression  in  growth, l ik e w is e ,  the  

ad m in istra tion  o f  la rg e  numbers o f  th ese  organisms w ith  subsequent growth 

d ep ression  would fu rth er  imply th a t  th ey  are denying the h o st o f  e s s e n t ia l  

n u tr ie n ts  because o f  th e ir  fa s t id io u s  n a tu re , and a r e , th e r e fo r e , dep ress

ing th e  growth, o f th e  h o s t ,

The m ajority  o f  rep orts  in  th e l i t e r a tu r e  a t  th© time o f in c e p tio n  

o f th is  problem (June, 1951) a scrib ed  an im portant r o le  to  in t e s t in a l  micro

organisms in  th e  o v e r -a l l  mod© o f a c t io n  o f a n t ib io t ic s  in  promoting growth* 

Based on th ese  rep o rts  and, in  p a r t ic u la r , prelim inary  f in d in g s  which seemed 

to  a s s o c ia te  E, c o l l ,  A, aerogenea , and L» b if id u s  w ith  a n t ib io t ic  growth 

s tim u la t io n , the in v e s t ig a t io n  reported  in  t h i s  t h e s is  was in it ia te d *



EXPEHIiKJim. FROCE®«RE

I .  Msthods Used ia  Hearing Chicks

throughout t h is  in v e s t ig a t io n ,  u n le s s  o therw ise in d ic a te d , 16-20 day- 

'old lew  Hampshire ch ick s  o f  both sex es  were used per experim ental group, 

the ch ick s used ia  experim ent 2 were the progeny o f dams which were housed 

on r a ise d  w ire f lo o r s  and fed  a r a t io n  which was com plete in  a l l  known 

n u tr ie n ts  but contained  no animal p ro te in  supplem ents. The d es ig n a tio n  

^ d e f ic ie n t  ch ick s*  has been assig n ed  to  t h is  type ch ick  b ecau se, based on 

other s tu d ie s ,  th ey  ar© considered  to have sub-optim al "carry-over* o f  

u n id e n tif ie d  growth fa c to r s .  The ©hicks used in  a l l  other experim ents, 

however, were progeny o f  dam,® m aintained on l i t t e r  and fed  a com plete 

breeder ra tio n *

T ..accept in  experim ent 16* the ch ick s were ra ise d  in  e l e c t r i c a l l y  

heated* w ir e -f lo o r e d  b a tte ry  breeders* In experim ent 16 , the chick® were 

reared a t  th e  U n iv er s ity  o f  Maryland p o u ltry  farm, in  f lo o r  pens mad, fresh  

wood shavings were u m d  fo r  l i t t e r .  In ad d ition *  h ea t was supp lied  by 

e l e c t r i c a l l y  heated  h overs.

The d ay-o ld  ch ick s  were in d iv id u a lly  wing-banded, d iv id ed  in to  groups 

o f uniform  w eight* and p laced  in  b a tte r y  brooders. W eighings were Fed® o f  

in d iv id u a l ch ick s a t  w eekly in te r v a ls*  Tbccept in  experim ent IS* a four  

week experim ental period was u sed . In experim ent 16, an e ig h t  week t r i a l  

period was u sed .

The b asa l d ie t s  and th e  experim ents in  which th ey  were used ar© pre

sented  in  ta b le s  1 , Z9 6* and 4* D ieta CS-1* CS-2, and CS-S a r#  ch ick  

s ta r te r  r a t io n s  which are composed o f corn* soybean o i l  m eal, and th e nec

e s sa r y  v itam in s and m inerals which a re  required  by the c h ick  f o r  normal 

growth* These r a t io n s  are con sid ered  to  supply sub-optim al amounts o f  two
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Table 1

Composition o f  basal d ie t#  employed in  experim ents w ith  ch ick s (e x p e r i
ments 1 -1 0 , 15-18)

Corn-Soybe&n Oil

In g red ien ts

le a l  Type 
a

CS-1 CS-2
**

CS-3

Ground y e llo w  corn 60 .8 5 59.70 6 2 .85
Soybean o i l  m eal, so lT en t,

44% p ro te in 34.00 33 .00 2 6 .00
F ish  steal* menhaden 6 .0 0
Dehydrated a l f a l f a  meal 2 .5 0 2 .6 0
Limestone 1 .0 0 1 .0 0 1 .0 0
Bone meal 3 .25 3 .0 0 1 .S 5
Sodium c h lo r id e , io d ise d 0 .3 0 0 .3 0 0 .3 0
Cod l iv e r  o i l  (2250 ID T it .  A,

500 ICD T it .  B /g) 0 .2 5 0 .2 0 0 .2 0
Manganese s u lfa t e 0 .0 2 6 0 .0 2 6 0 .0 2 6
LiL-methionine 0 .0 6 0 .0 6 0.0©
I i t s 3ofura»on®# 11.2;& mix 0 .0 5 0.0©
WD*> a c t iv a te d  an im al s te r o l

(1500 ICU T it .  D/g) 0 .0 2 5 0 .025

Vitam ins m illigram # per pound

K tb oflav in 1 .6 0  2 .0 0 2 .0 0
N iaoin 8 .0 0  10 .0 0 10 .00
Calalum pan to th e n a ta 2 .0 0  2 .5 0 2 .5 0
Choline c h lo r id e , 25% mix 0 .1 0 0 .1 0
Choline c h lo r id e , C.P. 200 .00
2-m ethyl- 1 ,  4 naphthoqui none 0 .2 0
Vitamin B jg , c r y s ta l l in e  
V ita a in  B1 ? , f .e d  supple™ **, 

(6  m g/lb}

0 .01

0 .0 5 0*05

*D iet CS-1 was used in  experim ents I -ID , and 16 .

**Diet® CS-2 and CS-3 were used in  experiment® 15-17 .
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fa b le  2

Composition o f  basal d ie t s  employed in  experim ents w ith ch ick s
(experiments 11-14)

Oat G roat-F ish  Meal Type
( d ie t  OG-F)

In g red ien ts %

Oat g ro a ts 83.00
F ish  m eal, .menhaden 15*00
Calcium carbonate 1 .2 5
Sodium c h lo r id e , io d ise d 0 .3 0
Dry V it .  A & £ supplement (4000 ITJ V it .  A,

7tO ICO V it .  D/g) 00 .2 0
■manganese s u lfa te 0 .0 2
Copper s u lfa te 0.001
DL-b»  t h i  onin© 0 .0 8
G lycine 0 .3 0

Vitamins m illigram s per pound

R ib o fla v in 1 .6 0
M iaeia 16 .0 0
Calcium pantothenate 6 .00
Choline c h lo r id e , C.P. 200 .00
2 -m e th y l- l ,  4-n© phthaqu inone 0 .2 0
A lphatooopherol a c e ta te 3 .00
Pyridoxin© HC1 1 .6 0
B io t in 0 .0 2 5
F o la c in 0 .2 0
o-aminobenso ic  a c id 10 .00
Vitamin &12* c r y s ta l l in e 0 .002
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fa b le  &

Composition o f  basal d ie t  employed in  study w ith  p o u lts  (experim ent 19)

Com^Soybean O il Meal Type

fS m%
In g red ien ts  %

Ground y e llo w  ©cm
Soybean o i l  meal# so lven t#  44X p ro te in
B i-ca lc iu m  phosphate
Limestone
Sodium ch lo r id e#  io d ise d  
Manganese s u l f a t e  
F e rr ic  s u l f a t e  
Copper s u l f a t e  
Cobalt s u lfa t e
Pry 'fit#  A & B supplem ent (4000 IS f i t #  A#
?m xcu ?it# B/g)

DL-methion in s
Com o i l

Vitamins

E ib o fla v in  
l i a s i n
Calcium pantothenate
C holine ch lo r id e#  C.P*
2-saeth y l-i#  d-naphtfaaquinone
A lj& atooophero l a c e ta te
P yridoxine HC1
B lo tin
Fol&cin
Vitamin c r y s ta l  l in e

3 8 .6 6  
63 .00  

2 .6 0  
2 * ? i 
0 .6 0  
Q.Oi 
0 .025  
0.001 
0.0001

0*30
0*10
2.00

m illigram s per pound

2*00
20.00

4 .0 0  
460 ,00

1.00 
3 .00  
1 .5 0  
0 .0 6  
0 .6 0  
0 .01S
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T able 4

Composition o f p u r i f i e d  b a sa l d i e t  employed in  ex p erim en t -with ch ick s
(ex p erim en t 20)

P u r if ie d  Type D iet  
( d ie t  FD*l)

In g red ien ts

Cereles© 61.82
C asein  (crude) 22 .00
G ela tin 8 .00
Corn o i l
Dry V it .  A & J> supplesaent (4000 10 V it . A. 

760 ICO f i t .  B /g)

2 .0 0

0 .2 0
DL-methi on in® 0 .3 0
M ineral m isture 5 . ST*

Vitamins m illigram s per 1(

B ib o f la v ia 00»

lilac in 6.00
Calcium pantothenate 2 .0 0
C holine c h lo r id e . C.P* 200 .00
2 » m t h y l - l , 4*naphthcqu In one 0 .8 0
A lphatoeophcrol a ce ta te 0 .6 0
.ihrridexine HCX 0 .6 0
B io tin 0 .0 2
F o la c in 0 . 30
p-aminooene.o ie  a c id 0 .2 0
Thiamin 0 .6 0
I n o s ito l 100 .00
Vitamin cry s t a l 1 in e 0 .002

*The com position  o f the m ineral m ixture exp ressed  a® the percentage  
of each in g red ien t in  the t o t a l  d ie t  when added a t  t h i s  le v e l  su p p lied :
I I  0 .0 0 4  0aS< PO4 )2 i #30
ZnClg 0*002 %fi.P04 0 .9 0
H5BO3 0.0009 i%2e:po4. 0 .7 3
CoS04#7Hg0 0.0001 ^SOa.TSgO 0 .2 i
WaCl 0 .6 0  Fe(CgH^Oy) • 6HgO 0 .1 4
CaCQs  1 .6 0  MaS04.4Hg0 0 .041
CuS04 (anhydrous) 0 .0 0 1 3
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d if f e r e n t  grow th f a c to r s  based upon, previous work in  our la b o r a to ry ,

A rseott and Combs, 1 9 5 0 ). D iet GG-F was design ed  to  supply ample quanti

t i e s  o f  th e  u n id e n tif ie d  fa c to r  presen t in  f i s h  meal * However, soybean 

o i l  m eal, which ha* been reported  to  con ta in  u n id e n tif ie d  growth fa c to r  ac

t i v i t y  { H i l l ,  19481 H il l  and B r ig g s , I9 6 0 ) , m s  om itted* D ie t  TS-1 i s  a 

oom-eoyb©an o i l  mea 1 type turkey ra tion *  D iet PD-i i s  a p u r ifie d  c h ic k  

r a t io n  which oon ta in s a l l  o f th e known v ita m in s, m in era ls , and amino a c id s

re q u ire d  by th e  chi ok f o r  n o m l  growth*

in experim ents 21 and 2 2 , d ie t s  E - l38 and R-184 w ere u sed  r e sp e c tiv e 

ly*  A lthough th© percentage o f w heat g lu te n  and sodium  p ro te in a te  which 

ar© supp lied  in  th e s e  d i e t s  c o n ta in  an adequate  amount o f ly s in e  by an aly

s i s ,  i t  h as  been shown t h a t  o n ly  & p ortion  o f  i t  i s  a v a i la b le  fo r  a b s o rp tio n  

(se e  A r se o tt , T h e s is ,  U n iv ers ity  o f M aryland, 1 9 5 3 ). C o n seq u en tly , when th e  

data obtained  in  experim ents Z'i and 22 are ev a lu a te d , th e  p o s s i b i l i t y  o f  a 

ly s in e  d e f ic ie n c y  in  th e  c h ic k s  ©am. n o t  be overlooked*

A ll d i e t s  were 'mixed by w eighing th e  in g r e d ie n ts  s e p a ra te ly  and than 

combining them ia  a con ven tion a l type feed  miser* The v itam in s were com

bined and mixed w ith  a sm all amount of w a te r .  T h is s o lu t io n  was th e n  e v e n ly  

d is tr ib u te d  throughout approxim ate!y 18 pounds o f  feed  by means o f  a Hobart 

m ixer, and then combined with, th e  t o t a l  fe e d . Her each  group o f 20 c h ic k s ,  

SO pounds o f  p r a c t ic a l type d ie t s  and 22 pounds o f th e  p u r if ie d  type d ie t s  

w ere s u f f i c ie n t  to  feed  ad_ l ib itu m  fo r  th e  u s u a l fo u r  week O r a t i o n  o f  th e

e x p e rim en t. The d i e t s  were always p rep ared  f r e s h  f o r  each experim ent, and ,

a f t e r  the supplem ents were added , each  d i e t  w hich was being employed in  a  

p a r t i c u l a r  experim ent was s to r e d  a t  10°C in  a  tin n ed  l a r d  can and covered  

w ith  a t i g h t - f i t t i n g  l id *  Feed, and w a te r  were allow ed  to  be consumed ad 

lib itu m  in every  experiment*
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In experim ent 1 , the ch ick s  were removed from th© h atch in g  tra y s  and 

placed  in  unused ©hick boxes* Surfaces o f  th e  b a t te r ie s  w ith  which th e  

ch ick s came in  co n ta ct were washed w ith  Compound Germ icidal tins©  RH 96B 

(F ink R o se lle v e  C o.# In©*# Mew York, I«YW) .  fines© p recau tions were taken  

in  order to  d ecrease th e  p o s s i b i l i t y  o f  contam inating th© b ird s w ith  m icro

organism s oth er than  th o se  which were used in  th e  experim ent*
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II*  Methods B'sed in  th e  P re p a ra t io n  o f Samples 

The c u ltu r e s  o f A. aerogenes and E* e o l i  which iw r t  u sed  in  t h i s  in 

v e s t i g a t io n  w ere i s o l a t e d  from th e  c e c a l feo o s  o f a fo u r  weak o ld  c h ic k  

w hich had been fe d  d i e t  'C3-1 supplem ented w ith  10 p er c e n t l a c to s e  and 

ISO ppm o f  p ro c a in e  p e n ic i l l in  0*

Two s t r a i n s  o f  L* b i f id u s  were used# One s t r a i n  was i s o la t e d  from  

th e  c e c a l f e c e s  o f a  th r e e  week o ld  tu rk e y  w hich had been fe d  a co rn -so y b ean  

o i l  meal ty p e  r a t i o n  supplem ented w ith  10 ppm o f  p ro c a in e  p e n i c i l l i n  G 

( V e l t r e ,  195$}* The o th e r  s t r a i n  o f L* b i f id u s  was i s o l a t e d  from  th e  c e c a l 

f e c e s  o f  a fo u r  week o ld  ch ic k  w hich had been fe d  d i e t  CS-1 c o n ta in in g  a 

10 per c e n t  l a c to s e  supplem ent ( M cCarthy, 1953)* The r e s p e c t iv e  symbols 

a s s ig n e d  t o  th e s e  s t r a i n s  a r e  Vt 3 and C 31 ( Y a ltr® , 1953)*

In  ex p erim en t 1 ,  c h ic k s  were o r a l l y  in o c u la te d  w ith  h» a e ro g e n e s* The 

su sp e n s io n  o f  th e  o rg an ism  was p rep a red  by in o c u la t in g  two-1 l i t e r  i r l e n -  

meyer f l a s k s ,  each  of w hich c o n ta in e d  100 ml o f  tr y p t ic a s o  soy a g a r ,  w ith  

1 ml o f a t r y p t io a s e  soy b ro th  su sp en s io n  o f th e  o rgan ism , The in o c u la te d  

a g a r  surfm oos were in cu b a te d  f o r  24 h o u rs  a t  37° 0# At th e end o f t h i s  

t im e , th e  s u rfa c e  growth was removed w ith  s t e r i l e  p h y s io lo g ic a l  s a lin e #

The su sp e n s io n  was th e n  c e n tr i fu g e d  a t  2 ,600  r.p*m * f o r  50 m in u te s . The 

c e n t r i f u g a te  was resu sp en d ed  in  200 ml o f a  6 per c e n t l a c to s e  s o lu t io n  

( S a l t s  f i l t e r e d )  w hich c o n ta in e d  60 u n i t s  o f  p ro c a in e  p e n i c i l l i n  0 p a r nil• 

Each c h ic k  in  th e  experim ental groups re c e iv e d  o r a l ly  1 'ml o f t h i s  prepare-
Q

tio n *  The su sp e n s io n  c o n ta in e d  160 x 10 v ia b le  organism s p e r  m l» a s  

re v e a le d  by a p la t©  co u n t u s in g  t r y p t i c a s o  soy agar*

S ev e ra l fe rm e n ta tio n  p ro d u c ts  were p rep a red  w ith  A* aero& enes* These 

p ro d u c ts  w ere t e s t e d  in  ex p e rim en ts  2 th ro u g h  & and 21 to  d e te rm in e  t h e i r  

e f f e c t  on c h ic k  grow th in  th e  p re se n c e  and i a  th e  absence o f  p e n ic i l l in *

The method w hich was u sed  l a  th e  p r e p a ra t io n  o f th e s e  sam ples and th e  number 

o f  v ia b le  o rgan ism s p e r  gram of th e  f in i s h e d  p ro d u c t ar© p re se n te d  in  

ta b le  6.
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Table 5

Methods used la  preparing Aerobaoter aerogenes ferm en tation  supplem ents
(experim ent®  Z th ro u g h  6)

Sample
Siunber

Used in
ex p erim en t
number

Method o f  P ren eratioa
V iab le
'baeteria/gm*
f i n a l  p ro d u c t

U

2 .

3,

4 .

&•

2 18 l i t e r s  o f  a 5 p e r  c e n t  eh io k  grow- til x. 10
la g  raaah s a c c h a r i f ie d  w ith  m alt and 
ferm en ted  f o r  S days an ae ro fo iea lly  a t  
35°C. C oarse s o l id s  sc reen ed  o f f  and 
a i r - d r l e d s  s u p e rn a ta n t vaeuum »dried to  
a  sy ru p  and sp ra y  d ried *  D ried  c o a rse  
s o l id s  (300 gtoa) xaixed w ife  s p ra y -d r ie d  
s u p e rn a ta n t (60 gms)*

2 300 mL e k in sd lk  -  Cm CO- c u l tu r e  o f  40 x  10
Am a e ro g en es  d r ie d  on 200 gms s t e r i l e  
ground c o rn ,

3 , 4 1000 gms d i s t i l l e r s *  s o lu b le s ,  200 gas Hone
c e r e lo s e ,  17 l i t e r s  d i s t i l l e d  w a te r  
in o c u la te d  w ith  1 l i t e r  o f  a 48 h r  
c u l tu r e  o f  A* ae ro g en es  grown in  th e  
same medium!* In c u b a te d  f o r  40 for® a t  
95°F , P a s te u r is e d  f o r  1 h r  a t  1SG~160°F*
D ried  by g rad u a l a d d i t io n  o f 1 pound of 
c o rn  meal i n  an a i r  d r i e r  a t  a  tem pera
tu r e  o f  45°C over a p e r io d  o f 30 h o u rs .

3 , 4 Mash and fe rm e n ta tio n  c o n d it io n s  60 x 10’
i d e n t i c a l  to  above* Mash d r ie d  on 1 lb  
steamed n e a t ssosc under same co n d itio n s  
a s  above* Mo p a s te u r is a t io n *

5 2260 ml 2 p e r  c e n t  sk i m i l k ,  1 p e r  c e n t 60 x 10
Ca CO* c u l tu r e  o f  A* aerogenes d r ie d  
on 1600 gms co rn  meal*

.6

6

.6

.6
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In  experim en t 8, two Jtoserfe c i t r a t e  b ro th  cu ltu re ®  (#ee ap p en d ix } 

o f  A. aercgenes w are p re p a re d  in  an a tte m p t to  d e te rm in e  th e  e f f e c t  of 

thou© o rg an ism s, p e r s e ,  on th e  grow th o f c h ic k s  w ith  and w ith o u t pen

i c i l l i n  in  t h e i r  d ie ts *  F or th e  p r e p a ra t io n  o f  one sam ple, two f-g & ilo n  

Fyrex b o ttle ® , each  o f  w hich  c o n ta in e d  10 l i t e r s  o f  s t e r i l e  c i t r a t e  medium, 

w ere in o c u la te d  w ith  2 p e r c e n t  o f a 24 hour c u l tu r e  o f th e  o rgan ism  w hich 

a ls o  had been  grown in  c i t r a t e  medium* A f te r  a e r a t io n  a t  3?° C f o r  48 h o u rs , 

th e  organism s w ere s e p a ra te d  from  th e  b ro th  by p a s s in g  i t  th ro u g h  th e  

S h a rp ie s  c e n t r i f u g e .  The bowl was d r iv e n  by an a i r  p re s s u re  o f  app rox im ate

l y  40 p . s . i .  w hich caused i t  t o  re v o lv e  a t  38,000 r*p*m* The a f f lu e n t  m s  

l im i te d  to  a flow  o f  5 l i t e r s  per h o u r . The e f f l u e n t  m a te r ia l  was found 

to  be r a th e r  c lo u d y , w hich in d ic a te d  t h a t  com plete  rem oval o f a i l  o f  th e  

c e l l s  m s  n o t acco m p lish e d . The cream y, w h ite  y i e l d ,  which amounted to  a 

t o t a l  o f  3 gram s, was suspended in  s t e r i l e  10 p e r ©eat P ife o  skiim ailk  and 

ly o p h i l is e d .  The method u sed  fo r  1y o p h i1 iz a t io n  o f th e  c u l tu r e s  i s  

d e s c r ib e d  l a t e r  in  t h i s  s e c t io n .

F or th e  p r e p a ra t io n  o f  th e  o th e r  sample used  in  t h i s  ex p e rim en t, X oser's  

c i t r a t e  medium w hich c o n ta in e d  100 u n i t s  p e r  ml o f p ro c a in e  p e n i c i l l i n  G, 

Merck (a p p ro x im a te ly  100 gamma) was ferm ented w ith  th e  organ ism . D uring 

the fe rm e n ta tio n  o f  t h i s  s u b s t r a t e ,  l a r g e  q u a n t i t i e s  of foam were a p p a re n t 

on th e  s u rfa c e  o f  th e  madium. A fte r  fe rm e n ta tio n  was com pleted, th e  'b ro th  

seemed to  be more v is c o u s  th a n  t h a t  broth w hich wa® ferm en ted  w ith o u t th e  

a n t i b i o t i c .  The r a t a  o f  a f f l u e n t  flow  in to  th e  S h a rp ie s  c e n tr ifu g e , when 

p e n i c i l l i n  was in c lu d e d  in  th e  medium, had to  be l im i te d  to  2 ,5  l i t e r s  p e r 

hour in  o rd e r  to  o b ta in  an e f f l u e n t  b ro th  o f th e  same t u r b i d i t y  a s  t h a t  

which was o b ta in e d  when c i t r a t e  broth c o n ta in in g  no a n t ib io t ic  was c e n t r i 

fuged# The c e l l  c o n c e n tra te  was y e llo w  in  appearance and the y ie ld ,  w hich 

amounted to  4 grams, was suspended in  40 ml o f s t e r i l e ,  10 per cent Id fco  

sk i small k p r io r  to  ly o p h i l i& a tio n .
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Th© a p p a ra tu s  used  f a r  th e  a e r a t io n  and in c u b a tio n  o f  th e  s u b s t r a te s  

d® scribed  on th e  p reced in g  page i s  p re se n te d  oa plat®  1* A w a te r  a s p i r a t o r  

was con n ec ted  to  th e  te rm in a l end o f  th e  system  which p u lle d  a i r  in to  th e  

©tiltor® b o t t l e s  a t  th e  rat®  o f  ap p ro x im a te ly  26 l i t e r s  p er hour# P r io r  to  

en try  o f the a i r  i n to  th e  c u l tu r e  b o t t l e s ,  i t  was s t e r i l i s e d  and d r ie d  by- 

f i r s t  draw ing  i t  th ro u g h  s t e r i l e ,  non-m bsorbent whit® c o t to n ,  th a n  th rough  

c o n c e n tra te d  HgSOg, and , f i n a l l y ,  th ro u g h  s t e r i l e  co tton#

The te c h n iq u e  o f  ly o p h .il i s a t i o n  o r **f r  e e se«dry in g w was employed f o r  

th© p re p a ra t io n  of b a c t e r i a l  c e l l s  w hich w ere u sed  in  ex p e rim en ts  8 th ro u g h  

20# This p ro c e ss  h as  been d e s c r ib e d  by F lo s d o r f  and Mudd (193b , 1938) and 

u t i l i s e s  th© p r in c ip le  o f  su b !in m tio n . The m a te r ia l  to  be d r ie d  i s  fro ze n  

and s u b je c te d  t o  h ig h  vacuum  w hich tra n s fo rm s  th© ic e  to  a  v a p o r, w ith o u t 

m elting*  The vapor i s  su b se q u e n tly  tra p p e d  in  a d r y  i c e  condenser*

An a p p a ra tu s  which was d e s ig n e d  t o  accommodate r e l a t i v e l y  l a r g e  v o l

umes o f  c u l tu r e  i s  shown on plate®  2 and 3« When t h i s  te c h n iq u e  was 

em ployed, i t  was p o s s ib le  to  o b ta in  la r g e  m asses o f  v ia b le  c e l l s *  Th© 

r e s u l t a n t  powder was e a s i l y  p assed  th ro u g h  a  fin©  w ire  s c re e n  and combined 

in to  th e  feed*

fh® s ta n d a rd is e d  method employed in  th e  p re p a ra t io n  o f a l l  v ia b le

© olifo rm  ©ell® i s  o u tl in e d  below:

1* P lace  48 ml Bugon a g a r  f o r t i f i e d  w ith  0*5 p er c e n t  a g a r
in  I d l e  f l a s k ,  p lu g  and s t e r i l i s e  a t  l b  lb s  ©team
p re s s u re  f o r  20 m in u te s .

2* Lay f l a s k s  f l a t ,  w ith  th® in d e n te d  s id e  o f th e  f l a s k  l i p  
p r e x im i  to  th® d esk  to p ,  and a llo w  ag a r  t o  harden*

3* F lood  th® a g a r  su rface o f  th e  f l a s k  w ith  2 d  o f  a 24 hour
t ry p t ic a .s e  soy b ro th  (B»6*L«) cu ltu re  o f  th® a p p ro p r ia te
organism *

4* In c u b a te  a t  37°^ f o r  24 hours*



1* umd far m tnM tm  aadi l&euh&tion of
ftgyogsfppg ia fteHwr** ©itsn&t® law^u a «m& C* 

« w * 5 r r t t t 6 m i  it* % $ % *  i--# f iM to s
&<* to m ter Mpiittar*
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P la te  2» a p p a ra tu s  used fo r  iy o p h i l  i s a t ic e i  o f c u ltu re s *  A* 
c o n ta in e r  f o r  sh .ell* fros© n c u l tu r e ;  B, in s u la te d ,  dry-io©  
oetkm neor $ C4 w.ouum puss>9



r

*

B

P la ts  8* P erta il o f d r tr«ie©  condeiis-er« 4* c o n ta in e r
f o r  f ro s e n  cu ltu re# j Bt f l a s k  w ith  ssn g la s s  tur>« 
in s e r te d  in  s id e  a m  to  p u l l  vapor to  bo ttom .



5* H arv es t th® growth from  th #  f l a s k  by f i r s t  p la c in g  IB ml 
o f s t e r i l e  10 p e r  c e n t  P ife o  skirsir.il k in  th e  f l a s k  and 
th e n  p a s s in g  i t  over th e  s u rfa c e  w ith  a b a n t ,  s t e r i l e  
g la s s  rod*

6* Cool th© pooled  r in s in g s  from  a l l  o f  th© f la s k s  i n  a
b eak er which h as  been submerged in  mi i c e  b a th .

?< P lace  th e  sk im m tlk  su sp e n s io n  o f th e  o rgan ism s in  a  round 
bo ttom  f l a s k  w hich i& f r e e  from  s c ra tc h e s  and f la w s .  Th® 
r a t i o  o f  c u l tu r e  to  f l a s k  volume sh o u ld  bo I s lO .

8 . S h e ll- f re e s®  th e  c u l tu r e  to  th e  s id e  o f th© f l a s k  by t i l t 
in g  i t  and r e v o lv in g  i t  i n  a  d ry  ie e - m th a n o l  b a th  a t  & 
tem p e ra tu re  o f -SO to  - ? 0 ° € * A d u l l  appearance o f th e  m ilk ,  
when observed th ro u g h  th e  open mouth o f  th© f la sk ., i s  & 
good in d ic a t io n  t h a t  th® c o n te n ts  ar© th o ro u g h ly  fro sen *
Th© f l a s k  may be c o n n ec ted  to  th e  chuck o f &n e l e c t r i c a l l y  
d r iv e n  m otor and re v o lv e d  in  th e  b a th .  Th# c e n t r i f u g a l  
fo rc e  w i l l  cause  an oven d i s t r i b u t i o n  o f  th® c u l tu r e  on th e
side® o f th© f la s k s  bu t#  th© hand tu r n in g  i s  j u s t  a s
e f f i c i e n t*

S. P lace  th® f l a s k  and s h e l l - f r o z e n  c o n te n ts  on a d r y - ic e
co ndenser (se e  p la t®  S) and w ith  a h ig h  vacuum pump b r in g
th e  i n t e r n a l  pressure to  60-70 .microns*

1.0* A f te r  ab o u t 3 5 m inu tes  a f r o s t  w i l l  form  an th e  o u ts id e
su r fa c e  o f th #  f la sk *  The com plete d isa p p e a ra n c e  o f  t h i s
f r o s t  and an  e q u i l i b r a t i o n  betw een th #  e x t e r i o r  o f  th© 
f l a s k  and room te m p e ra tu re  in d ic a te s  t h a t  th e  ru n  has been 
com pleted*

On th e  a v e ra g e , th#  p e rc e n ta g e  o f  organism® w hich survived  i y o p h i l l s a -  

t i o n  was u s u a l ly  80 fo r  A* aerogene®* 00-70 f o r  E* c o l l*  and 40-00  f o r

L. b i f i d a s .

In  ex p erim en t 14, on© 22B l i t e r  ta n k  b a tc h  each o f A* aeregenee and 

2i* p rep a red  f o r  t e s t i n g .  The o rgan ism s w hich war© removed were

n o t resu sp en d ed  in  skinoailk* ho v ia b le  organism s w ere d e te c ta b le  on Kugon

Pa g a r  when th e s e  sam ples war© p la te d  a t  a  d i l u t i o n  o f  10 *

Th® same am ounts o f  c u l tu r e  were p rep a red  f o r  t e s t i n g  i a  ex p erim en ts  

15 th ro u g h  17 . how ever, a f t e r  th e  organism s w ere removed from  th© b r o th ,  

th e y  were resu sp en d ed  in  s t e r i l e ,  10 per  c e n t  D ifco  sk iM silk  p r io r  t o  

1y o p h i l i a a t i on. The numbers o f v ia b le  L* c o l l  and A* aero g en ea  in  @aoh
/* O

grass sample were 400 x 10' w d  86 x  10 r e sp e c tiv e ly *
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In s x p e r is M t  18 , th e  two strata®  o f  b lfl& u s, which h aw  been

p re v io u s ly  d e s c r ib e d ,  w ars ly o p b ilie e d  and in c o rp o ra te d  in to  th e  b a s a l

d i e t  a s  supplem ents* The sam ples w ere p re p a re d  by in o c u la t in g  1 p a r  c e n t

o f  «afth o rg an ism  in to  two 1 0 - l i b e r  'ba tches o f  s t e r i l e  m o d ified  imnmxvin* a

sa&dium (s e a  ap p en d ix ) c o n ta in e d  In  each o f  two 1 2 - l i t e r  Pyrex, ro u n d -b o tto m

f l a s k s .  In  p lace, o f  th© eoxxrsntionsl c o t to n  plug,, th© m ouths o f  th.® f la s k #

war© s e a le d  w ith  s t e r i l e ,  t i g h t - f l t t i n g  ru b b e r  s to p p e r s  t o  prevent th©

e n t r y  o f Qg i n to  th e  medium* In c u b a tio n  was a llow ed  t o  proceed a t  S?°C

f o r  fou r  d a y s . At th© end o f  t h i s  t im e , th e  c u l tu r e  was c en tr ifu g ed  in

1 l i t e r  q u a n t it ie s  i n  a S e r v s ll  an gle ssn tr lfU g *  a t  2 ,000  r .p .m *  Each

l i t e r  o f  c u l tu r e  y ie ld e d  ap p ro x im a te ly  1 gram o f  c e l l  m a te r ia l  and th©

r e s u l t a n t  10 grams o f  w et c e l l s  from  th e  com plete  b ro th  w sre  r# su sp en d ed

in  100 ml o f  s t e r i l e  D lfeo  sk im railk  and s u b je c te d  to  th e  p ro c e ss  o u t l in e d

above, fh© ly o g a h ilis sd  f t  5 c o n ta in e d  80 x  l i f i  o rgan ism s m r  gram} th©
dp la te  c o u n t performed on C 33. showed t h a t  bO ac 10^ v ia b le  c e l l s  w ere p r e s e n t  

in  each  gram o f  th© d r ie d  powder.

Th.® two s t r a i n s  o f Ju* bUPldue w ere a l  so p rep a red  f o r  o r a l  in o c u la t io n  

In  t it le  e x p e rim en t by grow ing them  in  m o d ified  H a e ssa ln 's  smdium* An. in 

oculum o f 1*3 p e r  cen t o f  each  c u l tu r e  was u sed  to  m od  100 mi o f  medium. 

This medium m s  s t e r i l i s e d  in  So®ten round b o t t l e s  (200 mi c a p a c i ty )  f o r  

10 m inu tes e t  18I°C . The b o t t le s  w ere co vered  w ith  screw -caps f i t t e d  w ith  

ru b b e r  g a s k e ts .  A fter  th ro e  days in cu b ation  th e  c u ltu re ®  were ce n tr ifu g e d  

i n  tii© S s r v e ll  a n g le  s e n tr ifu g e  f o r  20 minute© a t  a b o u t 2 ,000  r .p .m .  s a t  

th e e e a tr lfu g e te  from  each  160 ad o f  b ro th  c u ltu re  was rmsuspended in  80 ad 

o f  p h y s io lo g ic a l  s a lin e *

During th© f i r s t  week o f  the escperiment, each  c h ic k  r e c e iv in g  e it i ie r  

o f  th e  ora l p r e p a r a t io n s ,  was a d m in is te re d  1 ml o f  th e  organism s which  

war© re c o v e re d  fro®  100 ad o f medium and resuepeaded in  80 sd o f  p h y s io lo g 

i c a l  s a l i n e .  Th© volume o f c e ll©  was doubled  th o  second' week and d u r in g
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th e  t h i r d  and f o u r th  -weeks 2 ml o f  th e  re su sp en d ed  ©©lie from  200 ml o f 

medium w ere u s e d .

Shan i t  m s  n e c e s s a ry  t o  o r a l ly  in o c u la te  c h ic k s  w ith  v ia b le  o rgan ism s

(ex p e rim e n ts  1 and 1 8 ) ,  a 1 ml g rad u a ted  .medicine d ro p p er w ith  a lo n g  t i p

was used* The c u l t u r e  was d e p o s ite d  d i r e c t l y  in to  th© cro p  by in s e r t i n g

th© t i p  o f  th© d ro p p e r f a r  down i n t o  th e  g u l l e t  and d e p re ss in g  th e  ru b b e r

b u lb  w ith  a  r a p id  motion*

In  ex p erim en t 22 , A* aerogene* was u sed  to  fe rm en t a  medium w hich

was d e s ig n e d  to  su p p ly  ample q u a n t i t i e s  o f  th e  u n id e n t i f i e d  growth f a c to r

re p o r te d  to  be in  c e r t a i n  l i v e r  p r e p a ra t io n s  (se e  appendix)*  The medium

was in o cu la ted  w ith  1 p e r  c en t o f a  24 hour c u l tu r e  o f th e  o rgan ism  which

had been  p ro p ag a ted  in  th e  same medium. The seeded  medium was in cu b a ted

and a e r a te d  as p re v io u s ly  d e s c r ib e d .  At th e  end o f  48 h o u rs  th e  c u l tu r e

was condensed by vacuum d i s t i l l a t i o n  to  a volume o f 800 ml and a p la te

c o u n t on bugon ag a r (B a ltim o re  B io lo g ic a l  L a b o ra to ry )  re v e a le d  t h a t  
1260 x 10 v ia b le  A* ae ro g en es  e e l I s  w ere p re s e n t  in  each  ml o f  th© c u l t u r e .  

The m a te r ia l  was th e n  p a s te u r is e d  a t  100°C f o r  80 m inu tes t o  k i l l  th e  c e l l s ,  

and condensed  f u r t h e r  t o  a  f i n a l  volume o f  500 m l. The d e s ig n a tio n  BCP-1 

was a s s ig n e d  to  t h i s  sam ple and w i l l  be u sed  when f u r t h e r  r e fe r e n c e  to  i t  

i s  made.

D uring th© co u rse  o f  th e s e  i n v e s t ig a t io n s ,  c e r t a i n  b a c te r io lo g ic a l  

t e s t s  w ere -perform ed. These t e s t s  ar© d is c u s s e d  in  th e  fo llo w in g  s e c t io n .
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I I I ,  I m te r i a l s  and i 'a th o d s  Used in  
B a c te r io lo g ic a l  I n v e s t i g a t i  on®

In ®o® o f  th© experim ents perform ed in  t h i s  in v e s t ig a t io n  i t  was 

d e s i r a b le  t o  a n a ly s e  b a e te r lo lo g ie a lly  th© c e o a l c o n te n t  o f  b i rd s  w hich 

wor© fe d  c e r t a i n  © soerim ent& l d i e t s ,  Th© b a o te r io lo g io a l methods w hich  

wore used in  th© perform ance o f  t h i s  t e s t  have been p re v io u s ly  d e s c r ib e d  

by Roteoser ©t a l ,  (1962)*

When v a r io u s  s u b s t r a te s  w hich  c o n ta in e d  p ro c a in e  p e n i c i l l i n  G were 

ferm ented w ith  e i t h e r  A* a sro g sa ss  o r  15 * e o l i ,  th e  b r o th # a f t e r  fe rm e n ta 

t io n ,  was a ssa y e d  f o r  a n t i b i o t i c  a c t i v i t y  u s in g  th e  method o f  Schm idt and 

Meyer (1 9 4 4 ), P r io r  t o  assay*  th© b ro th  c u l tu r e s  w ere passed  th ro u g h  

c lu tte re d  g la s s  f i l t e r s  ( u l t r a  f i n e )  t o  remove th© v ia b le  b a c t e r i a l  c e l l s *

Prelisdm ury experim ent* w ith  c h ic k s  seemed to  in d ic a te  th a t  h* b l f id u g  

was com peting w ith  th e  c h ic k  f o r  a f a c t o r  w hich m s  b e in g  sy n th es ised  by 

£* c o l l  a n d /o r  A* ae ro g en es  in  th© i n t e s t i n a l  t r a c t*  C onsequen tly  an in  

v i t r o  t e s t  was d es ig n e d  t o  a s c e r t a i n  th© v a l i d i t y  o f  t h i s  su p p o s itio n *  Th© 

method used  f o r  th© perform ance o f  t h i s  t e s t  I s  o u t l in e d  below?

1* P lace  4 drop® o f  a  24 hour c u l tu r e  o f  h* bl f l d u s s t r a i n
b e in g  t e s t e d  In  tub© c o n ta in in g  16 ml o f  s t e r i l e *  m elted  §& 
medium* R o ta te  to  a s s u re  th o ro u g h  d i s t r i b u t i o n  o f  Hi© 
c e l l s  th ro u g h o u t th e  medium*

2* Pour seeded agar in to  s ta r I I©  P e t r i  d is h  and a llo w  to  
harden*

3* W ith in o c u la t in g  n e e d le  p la c e  10 cm s t r e a k  o f IE, c o l l  on 
plat©  and b i s e c t  t h i s  s t r e a k  w ith  a  s im i la r  inoculum  o f 
A* se ro R sn e s , In c u b a te  p l a t e  a t  37° C and observe  p e r io d 
i c a l l y  f o r  zone o f  grow th below  th© s tre a k s *

T his method i s ,  a t  b e s t ,  o n ly  presum ptive*  However, Shorb and V eltre  

(1953, u n p u b lish ed  d a ta )  have- developed  a tu b e  a s sa y  which d em o n stra te s  

th e  need o f  a  grow th f a c to r  f o r  L* b if id n s * The p o ten cy  o f variou s p re 

p a r a t io n s  o f B* c o l l  c e l l s  have been  t e s t e d  u s in g  t h i s  assay* P re se n te d  

in  t a b l e  6 a re  th© sasthod® w hich were u sed  in  th© p re p a ra t io n  o f  th e  

c e l l u l a r  m a te r ia l  f o r  a s  my*
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T able 6

itiethods used  In  p re p a r in g  E sch erich ia  p o l l  c e l  i s  f o r  m ic ro b io lo g ic a l
a s sa y  u s in g  L a c to b a c i l lu s  b i f id u s  a® th© t e s t  organism

^  #
Sample Inoculum  Medium In  tre a tm e n t
number Koll© F la sk s  ( t o t a l  c e l l s  3 f l a s k s )

1 .

2 .

3 .

4 .

o o l i  grown on
*M*L WHMMNiMimaiir

p la in  Bugon. a g a r  
s l a n t
Same

Same

JL* °°*3. grown on
Wugon a g a r  s l a n t  
w hich c o n ta in e d  
10 unit©  o f  pen
i c i l l i n  0 p e r  ml

Kugon a g a r

Same

Sams

Bugon a g a r
10* u n i t s  
pen/m l

Growth rcnoTcd w ith  
d i s t i l l e d  Hg0

Growth removed w ith  TO per 
can t e th y l  a lc o h o l . A lcohol 
evaporated  and r e s id u e  re a d 
ju s te d  t o  © rig  vol*

Growth removed w ith  d i s 
t i l l e d  EgO# pH a d Ju s te d  to  
4*0 and su sp en d  on au to 
o l aved a t  121°G f o r  
15 m inu tes

Same a s  sam ple 1

b*

6 .

Sane

Same

Same

Same

Same a® sample S 

•Same a s  sample 3

*1*5 ml o f a  24 h our t r y p t l e a s e  soy  b ro th  c u l tu r e  used  to  in o c u la te  
each  f la s k *

^ 1 0  ml o f  s o lu t io n  used  t o  r in s e  each  f l a s k ,

^B efore  Hie sam ples w ere assay ed  th e y  were shaken th o ro u g h ly  a t  
15 m inute i n t e r v a l s  over a  p e r io d  o f an hour t o  a s s u re  tho rough  
m ix ing .
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Several crude supplem ents which con ta in  u n id e n tif ie d  growth fa c to r  

a c t iv i t y  fo r  th e  ch ick  a ls o  s tim u la te  th e  growth o f  L* b ifid u g  when th e  

assay  o f  Short i s  employed* However, ev id en ce fo r  a d e f in i t e  c o r r e la 

t io n  between organism a c t iv i t y  and ch ick  a c t iv i t y  fo r  any p a r t ic u la r  

sample i s  la ck in g  a t  the p resen t time*

Procedures other than th o se  which have been g iv en  p rev io u sly  were 

used in  sev era l exp erim en ts• S ince th ey  apply to  on ly  one experim ent, 

th e  procedure i s  g iv en  w ith  th e  r e s u lts *



EXPBLIM3BTAL RESULTS

t» The E f f e c t  o f  D ietary  Composition on the P e r s is te n c e  of Acrobaoter 
aerogenes i n  the Ceos o f  O rally  Inocu lated  Chicks

At th e  o u ts e t  o f  t h is  in v e s t ig a t io n  i t  was advantageous t o  determ ine 

i f  th e  o r a l  in o c u la t io n  o f  a  heavy su sp en s io n  o f  v ia b le  c e l l s  o f  A. aereg< 

would im plant th e  o rgan ism  in  the eeea  o f  th e  ch ick*  The e f f e c t  o f  pen

i c i l l i n ,  l a c t o s e ,  and a  com bination o f  th e se  m a te r ia ls  on th e  nnc&sr of 

o rgan ism s in  th e  ceca  a f t e r  o r a l  in o c u la t io n  was a l s o  d e te rm in e d , At th e  

b eg in n in g  o f  th e  experim ent, 10 c h ic k s  i n  each  experim ental group were 

in o c u la te d  w ith  1 ad. o f  th e  su sp e n s io n  o f  A* aerogenes w hich h as  been  

p re v io u s ly  d e s c r ib e d . In  a d d i t io n ,  a s e r i e s  o f u n in o c u la te d  c h ic k s  were 

r a i s e d  on th e  same ex p e rim en ta l d ie t s *  At the  end o f 24 , 48 , 98, and 144 

h o u r s ,  p lat©  c o u n ts  w ere per fenced on th e  c e c a l c o n te n ts  o f  2 in o c u la te d  

and 2 unim oeulated © hicks from  each g roup .

The r e s u lt s  o f  experim ent 1 a rc  presented  in  t a b l e - 7* A, aero g en es  

was d e te c te d  in  th e  c e c a l c o n te n ts  o f  a l l  o r a l ly  in o cu la ted  ch ick s which 

w ere examined a t  th e  end of 24 and 48 h o u rs ,  A comparison o f  th e  number 

o f organ ism s in  th e  eeea  o f  th e  b i r d s  w hich w ere fe d  each  o f the e x p e r i 

m en ta l d i c t a ,  how ever, r e v e a le d  th a t th e  organisms w ere more numerous i n  

th e  ceca  o f  th o se  ch ic k s  w hich war® fe d  e ith e r  th e l a c to s e  o r l a c to s e  

p lu s  th e  a n t ib io t i c *  At the end o f 96 h o u rs ,  th ere  t*aa a  marked d e c re a se  

i n  th e  number o f organ ism s in  th e  eeea  o f the  eh iek s from e x p e rim e n ta l 

groups 1 and 2* On th e  other h an d , p la te  c o u n ts  on th e  e eo a l c o n te n ts  o f  

th o se  c h ic k s  r e c e iv in g  th e  d i e t  w hich c o n ta in e d  th e  com bination  o f pen

i c i l l i n  and la c to s e  re v e a le d  no a p p re c ia b le  d e c re a se  in  th e  number o f  

organism ® . At th e  end o f 144 h o u rs ,  th ere w ere no d e te c ta b le  c o lo n ie s  o f
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B a c te r ia l  co lo n y  co u n ts  o f  c e c a l c o n te n ts  o f  c h ic k s  o r a l l y  in o c u la te d  
w ith  A e ro b ac ta r  aero^ene® * (ex p erim en t 1}

Time
in

hour®

Croup
number

Supplement lo se r *  C itra te  
Inoc*
Chicks

Medium**
Uninoo*
Chicks

24 1 lone ISO <1
2 16% la c to s e 840 <1
§ As 2 ♦150 ppm pen 1250 <1

48 1 Son® 250 c l
2 15% la c to s e 500 <1
3 As 2 4 ISO ppm pen SOG <1

m 1 Hone 20 <1
2 15% l a c to s e 110 <1
S As 2 ♦ ISO ppm pen 550 <1

144 1 lone < 1 <1
2 15% la c to s e < 1 <1
3 As 2 4 ISO ppm pen 160 <1

* Count & a r e  ex p re sse d  a s  th e  number o f  o rg a n is e s  p e r gram o f w et 
c e c a l fe c e s  x  10®,

*1*2fS a g a r  added t o  K oser*s C i t r a t e  b ro th *  I t  i s  assumed t h a t  a l l
o f  th e se  organism s are A* a e re g e n e a , s in c e  a l l  c o lo n ie s  had the  
same morpholeg le a l  c h a r a c t e r i s t i c s •
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A. aero r.eoes in  th® ©eca o f e i t h e r  th e  'bird© w hich -war© fe d  th e  c o n tro l  

d i e t  o r  th e  d i e t  w hich c o n ta in e d  la c to se *  In  a d d i t io n ,  th e  number o f  

c e c a l  Am a e ro g e a e s  in  th e  c h ic k s  from  ex p e rim en ta l group 3 was approx

im a te ly  o n e - th ir d  a s  h ig h  a t  t h i s  tim e th an  i t  was a t  th e  96 hour p erio d *  

Under th e  c o n d i t io n s  o f t h i s  ex p e rim en t, i t  i s  in d ic a te d  t h a t  a f t e r  

o r a l  in o c u la t io n  th e  o rgan ism  s u rv iv e s  d u r in g  i t s  p assag e  t o  th® ceca*

I t  w i l l  p e r s i s t  a t  t h a t  lo c a t io n  fear a t  l e a s t  s ix  day® i f  l a c to s e  and 

p e n i c i l l i n  a r e  in c lu d e d  i n  th e  d ie t*  I f  on ly  l a c to s e  i s  p r e s e n t  in  th© 

d i e t ,  th e  o rgan ism  so©ms t o  d is a p p e a r  a f t e r  ap p ro x im a te ly  fo u r  days*
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Expt. 21

Fir, 1 E ffect  of Aercbacter aero£er*s ferFter’t&tion products on growth of chicks  
to  4 weeks Texrerlrante"T7”b~"‘and 21). Cross-hatched bar, sample Ij  
double erose^hatched bar, sample 2; so lid  bar, sample 5.
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Those experim ents w ere d es ig n ed  to  a s c e r t a in  i f  a s u b s t r a te  o f  t h i s  nature  

w ould su p p o rt th e  in  v itr o  s y n th e s is  o f  a growth f a c t o r  by 1 . aero gene s»

and i f  th© e l im in a t io n  o f  v ia b le  organism s from  th© ferm en ted  p ro d u c t

would be r e f l e c t e d  in  i t s  a f f e c t  on th e  grow th o f c h ic k s .

th e  re su lt®  o f ex p erim en t $ a re  p re se n te d  in  t a b l e  8* Ho g a in s

were observed  when e i t h e r  p ro d u c t was in c lu d e d  in  th© b a sa l d i e t .  As a

m atter o f f a c t ,  the chick© grew l e s s  r a p id ly  when e i t h e r  p ro d u c t was em

ployed* The a d d i t io n  o f  p e n i c i l l i n  to  th© d i e t  w hich c o n ta in e d  2*0 p e r  

c e n t of the unp& steuriscd sample caused  a  s i g n i f i c a n t  re sp o n se  over and 

above t h a t  w hich  was o b ta in e d  w ith  p e n ic i l l i n *

Kies© sam ples were a g a in  t e s t e d  i s  experim ent 4 . The r e s u l t s ,  w hich 

a re  p re se n te d  in  t a b l e  9 , show t h a t  th e  a p p a re n t d e p re s s in g  a c t io n  o f 

th e s e  sam ples was a g a in  ex e rted *  In  group 4 , th© d e p re s s io n  o f growth 

w hich was o b serv ed  when 2*0 p e r  c e n t o f  th e  unpasteurised, sam ple was 

employed was found t o  be s t a t i s t i c a l l y  s ig n i f i c a n t  a t  th e  & per  c en t 

le v e l  when th e  d a ta  w ere a n a ly se d  by th© T t e s t*  In  t h i s  ex p e rim e n t, when 

p e n i c i l l i n  was added -fee e i t h e r  th e  p a s te u r is e d  or the unpaeteurised  product*  

growth was no b e t t e r  than th a t  o b ta in e d  w ith  p e n i c i l l i n  alone*

P la ta  c o u n ts  were perform ed on the c e c a l c o n te n ts  o f r e p r e s e n ta t iv e  

c h ic k s  from th r e e  experim ental groups used  in  experim ent 3 and. from a l l  

groups which were u sed  i n  experim ent 4* The r e s u l t s  o f th e se  examina

t io n s  a re  p re se n te d  in  ta b le  10* in  experim ent 3 , th e  J u  a©rog;©n©s co u n ts  

were on ly  s l i g h t l y  h igh er in  th© ceca  o f th© b i r d s  w hich were fed  the un-

pasteuri& ed ferm en tation  p ro d u c t w ith  added a n t i b i o t i c  than th ey  were in
7th e b i rd s  from  th© c o n t r o l  group* However, i n  ex p erim en t 4 , 270 x  10 

A* eeroEieaea c o lo n ie s  were found  in  the c e c a l  c o n te n ts  o f  th o se  b ird s  

which were fe d  2*0 per c e n t p a steu r ised  f e rm e n ta t io n  p ro d u c t and p e n i c i l l i n ,  

w hereas the plat© co u n t re v e a le d  t h a t  th e r e  were no A* aerogenss p resen t
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T able 8

The e f f e c t  o f  p a steu r ized  and u npasteurized  A erebaoter aerogenes 
ferm en tation  products on th e  growth o f ch ick s to  4 W eks^Texperiment S)

Group
number

Supplement Avg. w t»# 4 weeks 
in  grams

Avg. gain  in  
grams over 
n eg . co n tro l

1 . Ion® 305 ♦ 7 .6 8 (19) M» «W 4 *  «■»«■»

2 « 0.4% ferm prod ( p a s t . ) 286 t  9 .9 0 (19) -  17

3 . 2.0/s ferm prod ( p a s t .) 2 m ♦10.62 (18) * 7

4 . 0 .4 $  ferm prod (u n p a st.) 305 ♦ 9 .5 5 (18) 2

5 . B.G^ ferm  prod (u n p a st.) 294 S U .5 8 (18) «. 9

6 . 10 ppm p e n ic i l l in 518 ♦ 3 .5 6 (20) 15

7 . As § 4 8
**

355 ♦ 9 .31 (17) 52

( )rep resen t number o f  su rv iv in g  c h ic k s .

**th© d iffe r e n c e  between the average gain o f t h is  group and th a t  
o f  group 1 i s  s t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  Sf» l e v e l .
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Table 9

The e f f e c t  o f  p a steu r ised  and u n p asteu rised  A erobacter aerojgenes fersnenta-* 
t ie n  products on th© growth o f  oh icks to  4 weeks (experim ent 4}

Group
number

Supplement Avg. w t . ,  4 weeks 
in  grams

Avg* gain in  
grams over 
nog# co n tro l

1 . lon e 316 * 9 ,9 9 (17)

2* 0*4% farm prod (p a st* ) 315 ♦10-98 (18) -  1

s. 2*0% ferm  prod (p a st* ) 300 t io .e s (18) -  15

4* 2*0% ferm  prod (unpast*)
♦©

266 ♦i o . i s (17) -  31

5# 10 ppm p e n ic i l l in m *12.70 (18) S6

6 . As 3 +• $ 362 ♦11.76 (1 8 ) 46

?* As 4 4 6 333 *17.76 (15) 1?

i \
x yrep resen t th© number o f  su rv iv in g  chicks*

th e  d iffe r e n c e  between the average w eight o f  t h i s  group and th a t  
o f  th e  n eg a tiv e  co n tr o l group i s  s t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  
8% le v e l*
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th e  e f f e c t  of p a s te u rise d  and u n p asteu rized  -Aerobacter aerogenee fe rm en ta tio n  products on. th e  predom inating 
b a c te r ia  in  th© coca of 4 week old ch ick s (exp©rissants Y 'Im S T )

Group Supplement Media used fo r  eounts Spore- A. aerogenes JU e o l l
number formers **

iiwrririirwiiiTTimTMriniTrWiiitrMffnrwmiinimtrrmrrfif̂ -— rTimrmf̂ fffiî rrinriTrr ti*i— nTKmrnrrrti— ~r trrrm— T~~*~i— “TT"-T~n— i —i ip~rr̂-‘a~,~Tr*nrrTiTriT**T‘-----1 ni *" Tr '"“ i-—ririiiT n— nitiWiTror̂ rfir̂ OVtfTfTfcr'tirtrpirri ii|inrciiri~inwiTiHr<r inr mm* >m nnnr nur lonin>u ihihi ii. ~i nr i i in».i» *.inimi»in— ■.mki.h .i— n.. *mnwi wiinKurm

(Experiment S)

1 . Ion® Bugon agar ^ c 1 200 200
Eugon agar 4 pen < 1 ISO too

s . %% form prod (u n p a s t.) Eugon agar 500 100 10
Eugon ag ar 4 pen <1 100 10

7. As 5 * 10 ppm pen Eugon agar 100 300 <1
lugon ag ar 4 pen <1 200 Cl

{Experiment 4)

1 . lone Bugon agar <1 <1 too
Eugon agar 4 pen <1 <1 300

2* 0 .4 s  ferm  prod ( p a s t . ) Eugon agar ISO <1 ISO
Kugon agar * pen <1 <1 too

3* 2 .0 s  form  prod ( p a s t . ) Eugon agar 100 <1 350
Eugon agar 4 pen <1 <1 200

4* 2 .OS form prod (u n p a s t .) Bugon agar 1000 <1 800
Eugon agar * pen 10 <1 260

enO
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in  th® same d ilu t io n  o f ©©cal f e c e s  o f b ird s  from th* C on tro l. Sine® th®
f

ferm entation  produet contained  no v ia b le  organisms aftfer i t  m s  ore pared ,
\

t h i s  h igher count o f  h* aerogen®a can n ot be ascr ib ed  d ir e c t ly  to  fe ed 

in g  o f  th* product,, a lthough i t  may haws in d ir e c t ly  inflfUenoe.il the aui»b©r 

o f  t i e s #  o rg an ism s• y

In experim ents 3 and d , & spore-form ing, broad, hesrrlly sta in ed

g ra m -p o sitiv e  rod was found in. th e  c e c a l co n ten ts  o f th ose  'birds which
\

were fed  the unpasteurized  forsasatation  product* C olon ies pf t h i s  organ-
i v

ism  when examined on hugon ag ar had m orphological c h a r a c te r le t lo a  w hich 

w ere s im i la r  to  A* aa ro g saes*  c lo s e r  o b s e rv a tio n  o f  th o se  colon!#®  r e 

v e a l ad t h a t  th e y  p o ssessed  a  d u l l ,  rough s u rfa c e  and a H a t  ed ge, w h ereas , 

t y p ic a l  c o lo n ie s  o f  iu  a e ro geae* ap p ear on kugon a g a r  w ith  a  s m o o th , ' 

g l i s t e n in g  su rfac e*  S ince t h i s  o rgan ism  ap p eared  o n ly  in  th e s e  exp erim en ts, 

i t  was auepeoted t h a t  th e  s a u r ie s  m y  have been contaminated* C onsequent

l y ,  one gram o f the p a steu r ised  and u n p a steu rised  sam ples w ere p la te d  an 

fugon a g a r  and in c u b a te d  a t  37°0 f o r  46 hours*  fchen th e  p la t e s  w ere 

exam ined, i t  was found t h a t  b o th  sam ples w ere contam inated w ith  an  organ

ism  which had th e  same gross and m icroscopic m orp h o lo g ica l c h a r a c t e r i s t i c s  

a s  th o se  w hich appeared i n  th e  ceca  o f th e  b ird s  w hich were fe d  d i e t s

supplem ented w ith  th e s e  samples* the muabsr o f organisms i n  each sample
C5was approxim ately 60 x  10* per gram* I t  i s  apparent from tablelO  th a t  

th© in c lu s io n  o f p e n ic i l l in  in  th e  d i e t  w ith  e ith e r  supplemBnt had l i t t l e  

e f f e c t  on th e p r o life r a t io n  o f  th e  contam inating organism  in  th® oeca* 

However, when 5 unit© o f p e n ie l l i in  were in clu d ed  in  each ml o f th® p la tin g  

medium, & decided in h ib it io n  o f  th© organism  was found to- occur*

T'm o v e r -a l l  r e s u lt s  which were obtained from t h i s  s e r ie s  o f  ex p er i

ments in d ic a te  th a t  s l i g h t  increase©  in  w eight o f th* ch ick s were co

in c id e n t  w ith  th e  a d m in istra tio n  o f the ferm ented ch ick  mash (sam ple 1 ) ,
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(sam ples 2 and 6} mid th e  a i r - d r i e d  skimmilk-C.aGOg p re p a ra t io n  o f  

A* ^ b ro g a n e s# the d ie ta r y  a d m in is t r a t io n  o f a  d i s t i l l e r s *  s o lu b le s -e e r * -  

lo s e  fe rm en ta tio n , p ro d u c t,  which appeared  to  he con tam inated  w ith  a spore-  

form ing a e ro b ic  ro d , had no e f f e c t  on ch ick  growth in  e i t h e r  th e  p a s te u r is e d  

or un p asteu rised  s t a t e .  The in c lu s io n  o f p e n ic i l l in  w ith  e ith e r  sample 

number 1 , 2 , o r 6 in  experim ents 2 , 6 , and 21 ap p eared  to  enhance the  

stim u la to ry  e f f e c t  o f  th e se  p r e p a ra t io n s  (se e  f ig u r e  1 , page 48)*

In  view o f th© w ide v a r ia b i l i t y  which was en co u n te red  in  th ese  

e x p e rim e n ts , the l a r g e  seal©  preparations o f ferm ented mashes w ith  iU 

eerogenes was abandoned* In  the rem ain in g  e x p e r im e n ts , -which were d esigned  

to  s tu d y  th© e f f e c t  o f  v ia b le  organism s on c h ic k  growth, ly o p h il is e d  p re 

p a ra t io n s  o f  th e  o rgan ism  w ere employed# L y o p h ilis e d  p r e p a ra t io n s  o f pur© 

c u l tu r e s  of th e  organism  which was b e in g  s tu d ie d  n o t on ly  reduced  the  

p o s s i b i l i t y  o f c o n ta m in a tio n  but a l s o  in c re a s e d  th© number o f  v ia b le  or

ganism s p er pound of feed  by about 10 tim es* T his  in c r e a s e  in  v ia b le  

organism s was observed  when o n ly  0*022 p e r cen t of th© ly o p h iiiz e d  p re p a ra 

t i o n  ¥ ta  u se d , compared w ith  a le v e l  o f 2*0 p e r  c e n t o f some o f th© f e r 

mented mashes* Whereas th© number o f v ia b le  organisms p re s e n t  in  a gram
dof ferm en ted  mash was u s u a lly  abou t 10 x 10 § on© gram of ly o p h i i iz e d

c u l tu r e  o f A* aerogen.es u s u a lly  c o n ta in e d , on th e  a v e ra g e , approxim ate- 
8ly  180 x 10' v ia b le  c e l l s  per gram* In a d d i t io n ,  th© p reparation  of 

o rgan ism  supp lem ents by th e  s ta n d a rd iz e d  procedure p e rm itte d  th e  e l im in a 

t io n  o f substances such as  d i s t i l l e r s *  fe rm e n ta t io n  s o lu b le s  w h ich , in  

i t s e l f ,  i s  r e p o r te d  to  c o n ta in  u n id e n t i f i e d  f a c to r  a c t i v i t y *
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I I I*  Th© E f f e c t  o f  iy o p h iliso d . C u ltu re s  o f  A erobe© ter 
a e ro g eaes  and E s c h e r ic h ia  © oil on th© Growth o f 

 --------------® T o S “

A t th© o u ts e t  o f  t h i s  phase o f  th© in v e s t ig a t io n ,  th© s e le c t io n  o f 

a s u i t a b l e  medium f o r  th© la r g e  s c a le  p ro d u c tio n  o f m asses o f  ce ll®  and 

t h e i r  r e s i s ta n c e  t o  ly o p h i l i s a t i o n  p re s e n te d  a p rob lem . However, a  © cries  

o f  p re lim in a ry  t r i a l s  u l t im a te ly  le d  t© th® developm ent o f  th© p ro c e ss  o f  

l y o p h i l i s a t i o n  w hich has been  p re v io u s ly  d e sc rib ed *

The f i r s t  ex p erim en t in  t h i s  s e r i e s ,  ex p erim en t 8 , was d e s ig n e d  to  

e x p lo i t  th e  p o s s i b i l i t y  o f la r g e  s c a le  p r e p a ra t io n  o f  th© organ ism  in  

d e e p - c u l tu re ,  by a e r a t in g  i t  w ith  s t e r i l e  a i r *  l o s e r ’ s c i t r a t e  b r o th ,  

w ith  and w ith o u t p e n i c i l l i n ,  was a e ra te d  and in c u b a te d  a c c o rd in g  to  th e  

method w hich h a s  m en  d e sc rib e d  on page 32 and plat®  1 , page 33* lio se r ’s 

c i t r a t e  b ro th  was used, s in c e  i t  was d e s i r a b le  to  a s c e r t a i n  i f  th© o rgan

ism , when grown in  a s y n th e t ic  medium, w ould be ca p ab le  o f  prom oting  

growth* P e n i c i l l i n  was in c lu d e d  in  one b a tc h  o f b ro th  to  d e te rm in e  i f  

tli© o rg an ism , i n  th® p ro c e ss  o f  f e rm e n ta t io n ,  co u ld  c o n v e r t th® a n t i b i o t i c  

by m o lecu la r rea rran g em en t o r d e s t r u c t io n ,  i n t o  an e n t i t y  w hich would 

cause  a  r a p id  grow th o f  th© ch ick s*

A f te r  fe rm e n ta t io n  o f  th© K oser*s c i t r a t e  b ro th  which c o n ta in e d  

100 u n i t s  (0*1 mg) per  m l, v ia b le  b a c t e r i a l  © e lls  war© removed by p assin g  

t e e  b ro th  th ro u g h  a  s in te r e d  g la s s  f i l t e r  and a ssa y e d  f o r  a n t i b i o t i c  ac 

t i v i t y  a c c o rd in g  t o  th© method o f Schm idt and Moyer (1944)* However, in  

p lace o f th e  con ven tion a l s t a i n l e s s  s te a l  c y l in d e r s ,  f i l t e r  paper pads 

(S mm in  d ia m e te r)  were employed* The s ta n d a rd s  w ere p re p a re d  by soak ing  

th© pads i n  s o lu t io n s  o f  p e n i c i l l i n  made up in  E o se r’s c i t r a t e  b ro th  

w hich c o n ta in e d  0*6, 1*0, and 10 u n i t s  o f  p e n i c i l l i n  p er ml* A fte r  th e  

p rep a re d  p la te s  were in c u b a te d  f o r  18 h o u rs ,  th® pad r e p re s e n t in g  th©

10 u n i t  c o n c e n tra t io n  p roduced a son© o f i n h ib i t i o n  o f  48 mm* Mo
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i n h ib i t i o n  was ob serv ed  surrounding th© pad w hich had  'been soaked in  th© 

f  i l t e r e d ,  famounted b r o th .

In  o rd e r  to  t e s t  the potency o f the in a c t iv a te d  p a n i c t i l  i n ,  2 ,0 0 0  ml 

o f  th e  ferm ented b ro th  w hich c o n ta in ed  th e  p e n i c i l l i n  w ere d ia ly zed in  

ru n n in g  ta p  w a te r  f o r  3 days# The m a te r ia l  was than ly o p h i l iz e d  and th e  

d ry  powder* w hich  was o b ta in e d  w eighed 7 gram s, Assuming t h a t  none o f  

th e  o r ig in a l  c o n s t i tu e n t s  o f  th® p e n i c i l l i n  m olecu le  were l o s t  e i t h e r  d u r

in g  f e rm e n ta tio n  o r  d i a l y s i s ,  th e  7 ,0  grams o f Xyoph.ilixed  d i a l y s a t e ,  when 

added to  th e  n e c e s sa ry  SO pounds o f  f e e d , supp lied  Hi© eq u iv a len t o f  

14 ppm o f  a n t i b i o t i c  by w e ig h t.

The c e l l - f r e e  f i l t r a t e  from  2 ,0 0 0  ml o f  th e  ferm en ted  b ro th  w hich 

c o n ta in e d  no a n t i b i o t i c  was t r e a t e d  in  th e  same manner and was u sed  a s  a 

d i e t a r y  supplem ent*

From th e  r e s u l t s  o f  t h i s  ex p e rim en t, w hich a r e  p re se n te d  in  t a b le  1 0 a ,  

i t  naay be seen  t h a t  th e  su p p lem e n ta tio n  o f c h ic k  d i e t s  w ith  0*022 p e r © eat 

o f  e i t h e r  p r e p a ra t io n  o f  A* aerogeiicc had no e f f e c t  on c h ic k  gf-rwfch, Even 

in  th e  p re se n c e  o f added p e n i c i l l i n ,  no g a in s  w ere observed* L ik ew ise , 

bo th  n o r .-d ia ly z a b le  f r a c t i o n s  e x e r te d  no a p p re c ia b le  e f f e c t .  In  th r e e  

a d d i t io n a l  e x p e r im e n ts , s im i la r  p r e p a ra t io n s  o f  fe rm en ted  Koser** c i t r a t e  

broth w ith  and w ith o u t p e n i c i l l i n ,  had no e f f e c t  on c h ic k  growth*

B eginn ing  w ith  experim ent 9 , E* c o l i ,  the other organism  w hich seemed 

to  fee in f lu e n c e d  when a n t i b i o t i c s  were a d m in is te re d  to  © hicks, was a ls o  

s tu d ie d *  M oreover, beginning w ith  t h i s  experim ent, a s ta n d a rd iz e d  pro-* 

cedu re  f o r  p re p a r in g  th e  o rgan ism  supplem ents was a d o p te d . They w ere 

grown on lo ll®  fla sk s- and ly o p h i l iz e d  a c c o rd in g  t o  th© p ro ced u re  which h as  

been  d e s c r ib e d  on pages 32 and 36, and p late®  Z and 3 , pages 34 and 35,

In  ev e ry  e x p e rim en t, th e  d r ie d  powder was u sed  t o  supplement each  e x p e r i 

m ental d i e t  w ith  a  le v e l  o f 0*022 p er cen t*
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Table 10a

The e f f e c t  o f  ly o p h il iz e d  A srdbaeter aerogaiies, gromi in Kcger *s c i t r a t e  
broth on th e  growth o f  ch ick s to  4 weeks Texperirasnt 8)

Group
number

Supplement Average w eight  
in  grams, 4 wks

Gain in  grams 
over n eg a tiv e  
co n tro l

1 . Mon® 343 (18) «» *»*»«*«»

2 . G.022% A. aero o n e s  
(no p e n ic i l l in  in  broth) 82» (1 8 ) « 16

3. 0 .0 2 2 1  A. aarofienaa 
(100 if"penie i l l  in /m l o f
broth) 330 (18) «. 6

4 . 10 ppm p e n ic i l l in 370 (18) 25

S. As 2 ♦ 4 361 (18) 16

€• As 3 + 4 364 (1 8 ) 9

7 . 0*044> d ia ly se d  c e l l - f r e e  
f i l t r a t e  (eq u iv a len t to  
14 ppm p e n ic i l l in ) 331 (17) -  14

8 . 0*044:1 d ia ly se d  c a l l - f r e e  
f i l t r a t e  (no p a n io i l l in
In broth) 364 (15) 19

 ̂ ^represent number o f  su rv iv in g  c h ic k s .
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The r e s u l t s  o f experim ent©  9 th ro u g h  15 and 20 a re  summarized in

f ig u r e  2m W ith th© e x c e p tio n  o f ex p erim en ts  12 and. 15, b o th  A. aeroIrenes

and E . c e l l  seemed to  e x e r t  a  s l i g h t  e f f e c t  on growth* The av erag e  gain®

which war# observed  when e i t h e r  o rganism  was u sed  seamed to  be about th e

same* When p e n i c i l l i n  was in c lu d e d  in  th© d i e t  w ith  e i t h e r  o rganism  in

experim ent 9 , and w ith  E* c o l i  in  ex p erim en t 20 , th© grow th  response®

w hich w ere o b ta in e d  were s i g n i f i c a n t l y  h ig h e r  th a n  th® response©  w hich
«

w ere o b ta in e d  w ith  p e n i c i l l i n  a lo n e . Although th e  d a ta  i n  th e o th e r  ex

p e rim e n ts  w ere n o t t r e a t e d  s t a t i s t i c a l l y ,  i t  may be seen  in  f ig u r e  2 t h a t ,  

in  g e n e r a l ,  th e a d d i t io n  o f p e n i c i l l i n  to  moat d iet©  which were supplem ented  

w ith  v ia b le  o rgan ism s r e s u l t e d  i n  g r e a te r  g a in s  th a n  w ere observed  in  th ose  

groups of 'b ird s  w hich  w ere fe d  p e n i c i l l i n  a lo n e . However, th e  e x c e p tio n s  

to  t h i s  g e n e r a l i s a t io n  w ere : S3, c o l i  w ith  p e n i c i l l i n  in  ex p erim en t 10 , and

A* cgyogoagg w ith  .p e n ic i l l in  in  ex p e rim en ts  12 and 15 .

S ince  i t  i s  obv ious from  f ig u r e  2 t h a t  th e r e  w ere no a p p re c ia b le  d i f 

f e re n c e s  in  th #  a c t i v i t y  o f  e i t h e r  JR. c o l i  o r  A* a e ro  genes in  prom oting  

grow th , th #  d a ta  w ere summarized and p a r t  o f  i t  was e v a lu a te d  s t a t i s t i c a l l y  

by th e  a n a ly s is  o f  v a ria n c e*  These d a ta  a re  p re se n te d  in  t a b l e  11* In  th e  

columns d e s ig n a te d  w organisms**, th© v a lu e s  r e p re s e n te d  may have been ob

ta in e d  from  groups o f  b ird©  w hich w ere fe d  e i t h e r  A. ae ro g en es  o r E* c o l i . 

A lthough s l i g h t  g a in s ,  i f  any w ere observed  when no a n t i b i o t i c  was f e d ,  

th e s e  c u l tu r e s  d id  im prove growth in  ev ery  ca se  when 10 ppm o f p ro ca in e  

p e n i c i l l i n  0  w ere a ls o  fed  w ith  th© organ ism  supplem ent * The average  

growth in c r e a s e  o b ta in e d  w ith  th© a d d i t io n  o f 10 ppm o f p e n i c i l l i n  a lo n e  to  

r a t io n s  €5-1 and 00-F was SO and 64 gram s, r e s p e c t iv e ly *  F u r th e r  a d d i t io n  

o f v ia b le  o rgan ism s in  th e  p resen ce  o f th e  a n t i b i o t i c  r e s u l t e d  i n  average  

grow th increase©  o f  54 and 71 grains over t h a t  o b ta in e d  w ith  b a s a l  r a t io n s  

CS-1 and QG-F• C o n seq u en tly , th© grow th prom oting  e f f e c t  of th e  a n t i b i o t i c
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was in c re a s e d  an average o f  80 and 84 -per c e n t m e n  v ia b le  c u l tu r e s  o f 

A* aeroj^ aef and/or E* c o l i  w ere added to  b a s a l  r a t io n s  Cs-1 .and 0 0 -F , 

r e s p e c t iv e ly .

Th© av erag e  w e ig h t o f  th e  c h ic k s  ahioh w ere fe d  d i e t  CS-1 in  s ix  

experim ents was 29 grains h ig h e r  th a n  th e  a v e rag e  w e ig h t o f  th o se  b i r d s  

w hich w ere fe d  d i e t  0G-F in  th r e e  experim ents* Likew ise* th® average  

w e ig h t o f  th e  c h ic k s  fe d  d i e t  CS-1 w ith  added organism s was 40 grams h ig h 

e r  th a n  th e  av e rag e  w e ig h t o f  th o s e  bird® w hich w ere fe d  th® o rgan ism  in  

d i e t  CXi-P• However* th e s e  a p p a re n t  d i f f e r e n c e s  i n  w e ig h t w ere n o t  observed  

when p e n i c i l l i n  o r p e n i c i l l i n  and organ ism  supplement w ere fe d  to g e th e r  

in  e i t h e r  d ie t#

An a n a ly s is  o f  v a r ia n c e  which, m® perform ed on th e  d a ta  fro®  a l l  s ix  

ex p e rim en ts  in  w hich d i e t  CS-1 was used* r e v e a le d  t h a t  th e  re sp o n se  from  

th e  a d d i t io n  of v ia b le  p e n io l l1i n - r e  s i  s t a n t  m icro organ ism s to  th e  d i e t s  

w hich c o n ta in e d  10 ppm o f  p e n i c i l l i n  was s t a t i s t i c a l l y  s ig n i f i c a n t  to  th e  

1 p e r  c e n t  le v e l  *

At th e  ©nd o f  t h i s  s e r i e s  o f experim ents, th e  4 week g a in s  o f  bird®  

w hich war® fe d  th e  ly o p h i l iz e d  organ ism , p e n i c i l l i n ,  o r o rgan ism  and pen

i c i l l i n  to g e th e r ,  w ere av erag ed  and compared w ith  th e  av e rag e  g a in s  o f 

th o s e  bird® fed  v ia b le  o rgan ism s p rep ared  in  a  d i f f e r e n t  smnner* From th® 

r e s u l t s  w hich a re  p re se n te d  in  f ig u r e  5, i t  imy be seen  t h a t  th e  somber o f

v ia b le  organism® s u p p lie d  by e i t h e r  th e  a i r - d r i e d  fe rm en ted  mash o r  th©

7skim m ilk c u l tu r e  of th e  o rgan ism  was o n ly  30 and 5b x  10 p er pound o f  f e e d ,

when added to  th© d i e t  a t  a  l e v e l  of 2*0 p e r  cen t*  Th® number o f  v ia b le

organism® p e r pound o f fe e d  when th e y  w ere grown on K olle f l a s k  s u r fa c e s

and resu sp en d ed  in  skim m ilk and added a t  a  le v e l  o f  0*022 p e r c e n t ,  on th©

7o th e r  hand , was 200 x 10 * I t  i s  i n t e r e s t i n g  t o  not© t h a t  th© av erag e  

g a in s  w hich were observed  w ith  a l l  th r e e  supplem ent® , r e g a r d le s s  o f  th©
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number o f  v ia b le  organism®, was ab o u t th e  earn®. However, th e  a d d i t io n  

o f th© a n t ib io t ic  t o  the d ie t  which c o n ta in e d  th© h ig h e s t  number o f  v ia b le  

o rgan ism s p er pound o f  feed  seemed to  h a w  a g r e a te r  e f f e c t  on th© growth

r a t e  th a n  when i t  m s  added to  d i e t s  which contained  th e low er number o f 

v ia b le  organism s*
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T*bi« i n

The e f f e c t  o f  a o n -v ia b le  p rep arations o f E soherioh ia  c o l  i  and A erobacter  
;©n©« b a c te r ia l  c e l l s  on th© growth ©£'"ch ick s  to  4 weeks (ex p eH m n t

Group
number Supplement

Average w eigh t in  
grams, 4 weeks

Gain in  grams 
over n eg a tiv e  
co n tro l

1 . Hone 310 (2 0 ) « » « © ■ »  « « M »

2* 0*0S6;« E. © o il p reparation 312 (2 0 ) 2

3 . Qml2Z% E* c o l i  preparation 323 (80) 13

4* 0*066^ A« aer©genes 
preparation 307 (1 9 ) -  3

5* 0*122;v A* aerogenes
p reparation 313 (19) 3

6* 10 ppm p e n ic i l l in 323 (20) 13

7 . As 2 ♦ 6 332 (1 9 ) 22

8. As 3 4 6 304 (20) « *  6

9 . As 4 + 6 329 (19) 19

10* As M i 322 (18) 12

v ' rep resen t number o f su rv iv in g  ehtoks*
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Table 13

The e f f e c t  o f  a lc o h o l tr e a te d  c e l l#  o f  E sch er ich ia  c o l l  and A erobaeter  
aerogencg on th e  growth o f ch ick s  to  4 weelcs' (experim ent

Group Supplement Average w eigh t in  Gain in  grams
number grams, 4 weeks over n eg a tiv e

con tro l

1* Mens 268 (1 8 ) -------

2* 0 .0 2 2  . E. c o l i  (ljrophi) i i e d ) 268 (19) 1 H* o

3* E q u iva len t c a l l  m »  (a lc o h o l) 306 (18) 38

4* 0*022i  A* aerophones 
( ly o p h il is e d ) 290 (1 8 ) 22

S. E quivalent c e l l  mass (a lc o h o l) 293 (1 8 ) 26

6* 10 ppm p e n ic i l l in 307 (19) 39

7 . As 8 ♦ 6 336 (18) 67

8* As 3 s  6 311 (19) 43

9 , As 4 * 6 294 (19) 26

10 . As 5 ♦ 6 366 (19) 98

( )'r ep r ese n t th® number o f  su rv iv in g  c h ic k s .
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were observed  when a lcoh o l t r e a t e d  F* c o l i  o r v ia b le  and n o n -v ia b le  p re 

p a r a t io n s  o f  A* acroflsnoa w ere fed* In  t h i s  e x p e rim e n t, the a d d i t io n  o f  

ly o p h ll lg e d , v ia b le  jS. o o l i  had no e f f e c t  on growth* The a d d it io n  o f  

p e n ic i l l in  to  th e  ly o p h lllc e d  preparation  o f  IS. c o l i  caused th e  c h ic k s  to  

grow b e t te r  than th e y  did when the a n t ib io t ic  was excluded  from th e  d ie t*  

In a d d it io n , th e  a n t ib io t ic  ex er ted  an even more marked e f f e c t  on growth 

r a te  when i t  was fed  w ith  th e  a lco h o l tr e a te d  A* aerogenes p rep aration . 

These r e s u lt s  seem t o  su g g est th a t  p o s s ib ly  th e a lco h o l treatm ent was 

l ib e r a t in g  a fa c to r  from  A* aerogenes which ex erted  i t s  e f f e c t  In th e  

presence o f the a n t ib io t ic .
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'?• The In f lu e n c e  o f  E s c h e r ic h ia  c o l l  and P e n i c i l l i n  on th e  Growth 
o f  Chicks Fed D ie ts  D e f ie le n t  in  C e r ta in  B Vlt&mina

Experiment 20 was perform ed to  determine i f  ly o p h ll is e d  E* c o l i ,

p e n i c i l l i n ,  or a  com bination  o f th e  o rgan ism  and. a n t i b i o t i c  would in flu e n c e  

th e  grow th of c h ic k s  w hich w ere fe d  p u r if ie d  d i e t s  from  w hich  c e r t a in  E 

v ita m in s  w ere om itted*

The sp a r in g  e f f e c t  o f  th e  ru p p l am ents l i s t e d  above on th e  d ie ta r y  

re q u ire m e n t o f th e  c h ic k  f o r  th ia m in , b i o t i n ,  c a lc iu m  p a n to th e n a te ,  and 

r ib o f l a v i n  was s tu d ie d .  H opeow r, a c o n tro l  s e r i e s  was u sed  -which was fe d  

th e  com plete  b a sa l d i e t  (PI>*»1), supplemented w ith  e ith e r  th e  organism , th e  

a n t i b i o t i c ,  or th e  two togeth er*  In  each s e r i e s ,  an  uneuppleaented c o n tro l  

was a l s o  in c lu d e d . Skissnilk  powder a t  a l e v e l  o f  0*022 per c e n t  was added 

to  a l l  d i e t s  w hich r ece iv ed  no o rgan ism  p r e p a ra t io n .

The r e s u l t s  o f  ex p erim en t 20 a r e  p re se n te d  in  t a b l e  14* The a d d i t io n  

o f  o rgan ism  and p e n i c i l l i n  to  th e  com plete basal d i e t  c au sed  a s ig n i f i c a n t  

s tim u la tio n  o f  g ro w th . When th ia m in  m s o m itte d  from  th e  d i e t ,  a l l  o f  th e  

c h ic k s  from  each  o f th e  fo u r  experim ental group® 'were dead by th e  t e n th  day . 

However, a t  1 week o f  a g e , th e r e  m s  no a p p a re n t d i f f e r e n c e  in  th e  av e rag e  

w e ig h ts  betw een any o f  th e  supplem ented groups o f  the th ia m in  s e r i e s .

When no b io t in  was added t o  th e  d i e t ,  th e  c h ic k s  grew b e t t e r  i f  

th e  organism  was added to  th e  d i e t .  However, th e  f  t e s t  showed t h a t  the  

g a in  f e l l  sh ort o f  b eing s ig n i f i c a n t  a t  th e  5 p er c e n t  l e v e l .

The o rgan ism  s ig n i f i e a n t l y  d e p re sse d  grow th when i t  was added to  th e  

d i e t  low in  ca lc iu m  pantothenate* P e n i c i l l i n ,  on th e  o th e r  hand, e l i c i t e d  

a  re sp o n se  o f 28 gram s. When th e  organism was added w ith  p e n i c i l l i n ,  

growth was a g a in  d e p re sse d  s ig n i f i c a n t l y  when th e  re sp o n se  was compared to  

t h a t  o b ta in e d  w ith  th e  a n t i b i o t i c  a lo n e .
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fa b le  14

The e f f e c t  o f  ly o p h il is e d  E sch erich ia  c o l i ,  p e n ic i l l in ,  or th e  organism  
and a n t ib io t ic  to g eth er  on ch ick  " growth to  4 weeks in  th e  absence o f  
th iam in , b io t in ,  calcium  pan toth en ate, or r ib o f la v in  (experim ent 20}

Group
number

Vitamin om itted  
from basal d ie t

Average w eight  
4 w eeks, in  grams

Average gain  in  
in  grams over 
n eg a tiv e  co n tro l

1 * Mime 313 217 .08 (IS ) —— **

2. Mime 7 1 ,  c o l i 532 ♦17 .90 (14) 19

3 . Mcne 4 10 ppm p e n ic i l l in 331 ♦ 9 .7 8 (14) 18

4* "Jone as 2 4 s S70a £ l 9 . 52 (14) 67

6 ,-8 . Thiamin ( a l l  ch ick s  dead a t  
10 days)

9 . B io tin 1SS £12.82 ( 9 ) eeeea

10 . B io tin  4 E* c o l l 209 £1 2 .7 0 ( 7) 24

1 1 . B io tin  4 i o  ppa p e n ic i l l in 206 ♦21 .04 ( 4 ) 21

12 . B io tin  as 10 4 n 198 £17.58 ( 7) IS

1 3 . Calcium pantothenate 1 35b £ 8 .4 8 (10)

14 . Calcium * Em c o l i ioe £ 6 .6 4 (12) -  SO

3 o . Calcium 4 i o  ppm p e n ic i l l in  163° ♦ 7 .7 9 (U) 28

16. Calcium as 14 4 15 140 £ 7 .3 8 ( 9) 5

17 , R ib o fla v in ice £ 5 .16 (15)

18 . R ib o fla v in  4 g, c o l i n e t  5 .01 (16) IS

19. R ib o fla v in  4 10 ppm pen. 127d ♦ 6 .1 5 (15) 22

2 0 . B ib© flavin  as 18 4 19 182® £12.41 ( 8) 77

( )r e p r e s e n t  th e  number o f  su rv iv in g  c h ic k s .
* s i $ a i f i e a n t l y  b e t t e r  th a n  1 a t  5;̂  le v e l?
^ s i g n i f i c a n t l y  b e t t e r  th a n  14 a t  5;'-’ l e v e l .
° s i g n i f i c a n t l y  b e t t e r  th a n  IS  and 16 a t  6: l^ v e l#
^ s i g n i f i c a n t l y  b e t t e r  th a n  17 a t  5;> le v e l*
® s i g n i f i c a n t l y  b e t t e r  th a n  17 , and 19 a t  6/, l e v e l .

S ig n if ic a n c e  based on 1 t e s t*
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When the organ ism  p re p a ra t io n  m s  added to  th e  d i e t  to  which no r ib o 

f l a v in  was added* grow th was a g a in  s l i g h t l y  improved* a lth o u g h  n o t  s i g n i f i 

c a n t ly  so* In  a d d it io n *  a  s ig n i f i c a n t  re sp o n se  was o b ta in e d  w ith  p e n ic i l l in *  

The a d d i t io n  of th e  o rgan ism  and a n t i b i o t i c  t o  th e r i b o f l a v i n - d e f i c i e n t  

d i e t  caused  a re sp o n se  w hich  was g r e a te r  th a n  t h a t  o b ta in e d  w ith  e i t h e r  

th e  organ ism  or the a n t i b i o t i c  when th ey  w ere added s e p a r a te ly  to  th e  d ie t*

Ll i a b i l i t y  seemed t o  be p o o re s t  in  th o se  c h ic k s  w hich were fe d  th e  

b a s a l d i e t  w ith o u t added thiamin* n e x t in  l i n e  were th o se  c h ic k s  fe d  the  

r a t i o n  w ith o u t b io t in *  Ll i a b i l i t y  was somewhat b e t t e r  in  th o se  © hicks 

w hich w ere fed  th e  d i e t  w ith o u t ca lc ium  pantothenate* and m o r ta l i ty  in  th e  

s e r i e s  fe d  th e  b a sa l d i e t  w ith o u t r ib o f l a v in  was observed o n ly  in  t h a t  

group which was fe d  th e  organ ism  w ith  added a n t ib io t i c *  D uring th e  co u rse  

o f t h i s  experim ent*  o n ly  th e  c h ic k s  which w ere fe d  th e  th ia m in  d e f i c i e n t  

r a t io n  m a n ife s te d  th e  c h a r a c t e r i s t i c  syndrome w hich ap p ea rs  i n  c a s e s  o f  

d e f ic ie n c y  o f t h i s  v itam in*  A l o g ic a l  ex p la n a tio n  f o r  t h i s  can* In  a l l  

p r o b a b i l i ty ,  be b ased  on th e  f a c t  t h a t  th e  d e f ic ie n c ie s *  when th e y  were 

p re sen t*  were so se v e re  t h a t  th e  c h ic k s  d ie d  b e fo re  th e  c h a r a c t e r i s t i c  

symptoms cou ld  be  o b se rv e d .



¥1* The In f lu e n c e  o f Enviroxuooat on th e  Growth o f Chicks Fed 
¥3 a b le ,  P«ai© 111 in '»R © sistan t M ic ro o rg a n ism , With and 

W ithout Added A n t ib io t ic

T h is s e r i e s  of experim en tc  (16 through IT ) was per fo r  mod to  d e te rm in e  

i f  d i f f e r e n t  en v iro n m en ta l c o n d it io n s  would in f lu e n c e  th e  growth r a t e  o f 

ch ioko  w hich w ere fed  v ia b le ,  p e n i c i l l i n - r e s i s t a n t  m icro o rg an ism s, pen

i c i l l i n ,  and th e  two supplem ents to g e th e r*  E igh t © xperixaental groups o f  

c h ic k s  w ere r e a re d  in  each  o f  th r e e  © nvircnm ents• One s e r i e s  c o n s is te d  

o f  fo u r  ex p e rim en ta l groups w hich w ere fe d  b a sa l d i e t  CS-2, which, c o n ta in s  

no f i s h  .meal* Sub-group 1 o f t h i s  s e r i e s  was fe d  th e  b a s a l  d i e t  w ith  no 

supplem ent? 10 ppm p e n i c i l l i n ,  0*088 p e r c e n t  ly o p h i l i s e d  A. ae ro g en es  

w ith  0*056 p e r  c e n t  F . c o l i ,  and th e  two organism s p lu s  th e  a n t i b i o t i c  

were added to  su b -g ro u p s 2 , 3 , end 4 , r e s p e c t iv e ly .  A s e r i e s  o f  fo u r  

p a r a l l e l  ex p e rim en ta l groups was a ls o  in c lu d e d  in  th e s e  e x p e rim e n ts , b u t  

d i e t  CS-5 was u se d . T h is  d i e t  c o n ta in s  8 p e r  c e n t  f i s h  m eal, which has 

been r e p o r te d  to  c o n ta in  u n id e n t i f i e d  f a c t o r  a c t i v i t y  f o r  th e  c h ic k . T h is  

su b s ta n c e  was in c lu d ed  in  th e  d i e t  in  an e f f o r t  t c  d e te rm in e  I f  i t  would 

in f lu e n c e  th e  grow th r a t e  o f  th e  bird®  w hich w ere fed  th e  v ia b le  o rg an ism s.

D ay-old B arred  Plymouth. Hock c h ic k s  o f  bo th  sex es  w ere u sed  in  th e  

th r e e  ex p e rim en ts  o f  t h i s  s e r i e s .  In ex p erim en t 1 6 , (env ironm en t A) TO 

c h ic k s  w ere u sed  p e r e x p e rim e n ta l g roup . The method o f r e a r in g  th e s e  

b i r d s  ha® been d e s c r ib e d  on page 22* The m i l s  o f  th e  f lo o r  pen® were 

c le a n e d  only  w ith  c o ld  w a te r ,  an d , d u r in g  th e  ex p e rim en ta l te r® , th e  bird®  

had a c c e s s  to  t h e i r  d ro p p in g s . In  ex p erim en t 16 ( env ironm ent B) 20 ©hick® 

w ere u sed  per cxp@ riisen.tal g roup . The chick® were ro a re d  a t  th e  P o u ltry  

N u tr i t io n  la b o ra to ry  in  b a t t e r y  b ro o d e rs  which w ere ©quipped w ith  r a i s e d  

w ire  f lo o r s *

The b a t t e r y  room was used  o n ly  fo r  4 o u t o f  ev e ry  6 w eeks, w ith  a

mailto:cxp@riisen.tal


TO

2 week p e r io d  f o r  c lean in g #  Mo f lo o r  d ra in s  a re  in  t h i s  room, h en ce , 

th o ro u g h  c le a n in g  p re s e n ts  somewhat o f a problem# The b i r d s  w hich w ere 

u sed  in  ex p erim en t 17 (env ironm ent C) w ere re a re d  in  a new b a t t e r y  brood

e r  in  a  tem p era tu re  c o n t r o l le d  room# Chicks had been r a i s e d  in  t h i s  room 

o n ly  on ce , one y e a r  p r io r  t o  t h i s  experim ent*  For t h i s  reason* e n v iro n 

ment C was more id e a l  from  th e  s ta n d p o in t  o f  co n tam in a tin g  m ic ro o rg a n ism  

th an  e i t h e r  env ironm ents A or 3*

In  a d d i t io n  to  th e  e ig h t  ex p e rim en ta l groups w hich w ere used in  th r e e  

environm ents*  4 a d d i t io n a l  groups o f  70 b i rd s  each  were in c lu d e d  in  e x p e r i

ment IS .  The d ie t s  were supplem ented  in  th e  same manner a s  d e s c r ib e d , b u t 

15 mg p e r  pound o f  o r o t i c  a c id  w ere added to  th e  b a sa l d i e t  (G S-S)•

The r e s u l t s  o f  th e  ex p erim en ts  which were conducted  u n d er th e  th r e e  

en v iro n m en ta l c o n d it io n s  d e s c r ib e d  above, a re  p re se n te d  in  t a b le  15* With 

th e  e x c e p tio n  o f  group 1# th e  c h ic k s  which were fe d  d i e t  CS-2 and re a re d  in  

env ironm ent C grew more r a p id ly  th a n  th o se  b ird s  w hich were r a i s e d  in  e i t h e r  

o f th e  o th e r  two en v iro n m en ts• M oreover, th e  b ird s  grew a t  a  more ra p id  

r a t e  in  ev e ry  ex p e rim e n ta l group re a re d  in  env ironm ent A th an  th o se  b i rd s  

in  env ironm ent B. These d a ta  seem t o  su g g e s t t h a t ,  in  g e n e r a l ,  e n v iro n 

ment B had th e  m ost pronounced e f f e c t  on th e  grow th r a t e  o f  th e  b ird s#

The c h ic k s  in  t h i s  s e r i e s ,  r e g a rd le s s  o f  th e  t r e a tm e n t,  grew l e s s  r a p id ly  

th an  th o se  b i rd s  in  e i t h e r  o f  th e  o th e r  'two environm ents*  The chick® 

r e a re d  a t  th e  P o u ltry  Farm (env ironm ent A) showed no in c re a se d  average 

g a in  when th e  o rgan ism  was added to  d i e t  C S -lj w h e reas , when t h i s  su p p le 

ment was added to  th e  ©am© d i e t  in  env ironm ents B and 0, g a in s  o f 20 and 

26 grams w ere o b se rv ed , r e s p e c t iv e ly .  The g r e a te s t  g a in  in  th e  p resen ce

o f  added a n t i b i o t i c ,  t o  d i e t  CS-1, was observed  in  th o se  c h ic k s  in  e n v iro n 

ment C. Tills i s  o f  i n t e r e s t  s in c e  r e p o r ts  in  th e  l i t e r a t u r e  in d ic a te  t h a t
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in  *n«vrw euviraruBentc, no growth re sp o n se  i s  observed  when a n t i b i o t i c s  a rc  

fad* YShen bo th  orr.ani&i?. smd a n t i b i o t i c  supplement were added to g e th e r  to  

d i e t  CSU2, th e  av e rag e  g a in s  which were o b se rv ed , r e g a rd le s s  of environ

ment, w ere no b e t t e r  th a n  th o se  g a in s  observed  in  th e  groups o f  bird©  which 

were fed. th e  ©am© d i e t  supplemented w ith  e i t h e r  th e  organisms or a n t ib io t ic  

a lone*

I f  a l l  t r e a tm e n ts  and a l l  environments a re  compared ( ta b le  16),. i t  

w i l l  be noted, t h a t ,  w ith  one e x c e p tio n , th e  c h ic k s  w hich were fe d  d i e t

CS-3 grew more r a p id ly  th a n  th o s e  b ird s  fed  d i e t  CS-2. The group which

f a i l e d  to  show any in c re a se d  g a in  when th e  d i e t  c o n ta in in g  f i s h  meal was 

fe d ,  was group 4 in  env ironm ent B.

Wien d i e t  CS-2 was f e d ,  th e  c h ic k s  which were re a re d  in  env ironm ents 

A and C a g a in  grew  more r a p id ly  th a n  th o se  c h ic k s  r e a re d  in  env ironm ent B* 

A lso , when t h i s  d i e t  was u sed  in  th e  p resen ce  o f the a n t i b i o t i c ,  th e  c h ic k s  

in  env ironm ent A once a g a in  f a i l e d  to  ©how any in c re a s e d  g a in  o v er the nega

t i v e  c o n tro l*

These d a ta  su g g e s t t h a t  r e a r in g  th e  c h ic k s  on l i t t e r  m y  have n eg a ted  

th e  a n t i b i o t i c  e f f e c t ,  s in c e ,  in c re a s e d  g a in s  were n o te d  when p e n i c i l l i n  

was added to  e i t h e r  d i e t  when th e  b ird s  were r e a re d  in  b a t t e r ie s *  The

a d d i t io n  o f organism s to  th e  d i e t  which c o n ta in e d  bo th  p e n i c i l l i n  and f i s h

meal f a i l e d  to  in crea se  th e  r a t e  o f growth of the c h ic k s  re a re d  in  e ith e r  

env ironm en ts  A, B, o r  C. As a m atter o f f a c t ,  th e  a d d i t io n  o f organism s 

to  th e d i e t  which co n ta in e d  th e  a n t i b i o t i c  seemed t o  cau se  a  s l i g h t  d e c re a se  

in  th e  growth r a t e  o f th e  c h ic k s  r a i s e d  in  env ironm en ts  8 and C* L ik ew ise , 

no in c re a s e d  g a in s  were n o ted  when o n ly  th© organism  was added to  th e  d i e t s  

o f  c h ic k s ,  in  th e  p re sen c e  of f i s h  m eal, in  environm ents A and C, and on ly  

a  s l i g h t  in c re a se d  g a in  was observed  when th e  o rgan ism  was added to  th e  

d i e t  o f  th® c h ic k s  r e a re d  in  environm ent B«



?s

I f  th e  growth re sp o n se  o f o h io k s  t o  d i e t a r y  siie re o rg a n is e s  in  th e  

presene© o f  p e n i c i l l i n  i s  due to  th© s y n th e s is  o f  a grow th factor in th® 

intestinal tract* th® data o b ta in e d  in  this study suggest t h a t  it m ight 

p o s s ib ly  he related to th© factor present in f i s h  meal* This idea is 
su p p o rte d  by t&© o b s e rv a tio n  that no additional g a in s  w ere o b serv ed  when 

the organisms were added to the diets which co n ta in e d  fish meal either in  

th® presence or in  th e  absence of th© antibiotic*
In  o rd e r  t o  t e s t  th e  s ig n i f ic a n c e  o f c e r t a in  tre a tm e n ts*  an a n a ly s is  

o f  v a ria n c e  was perform ed on th e  d a ta  o b ta in e d  in  t h i s  s e r i e s  o f  e x p e r i 

ments * The r e s u l t s  o f  t h i s  a n a ly s is  which, a re  p re se n te d  in  t a b le  16 , show 

t h a t  th© env ironm en ts! c o n d it io n s  e x e r te d  a  s i g n i f i c a n t  e f f e c t  a i  th© 

grow th o f th e  ch icks#  More s p e c i f i c a l l y ,  th e se  d a ta  in d ic a te  t h a t  th e  

o r.v iro m asa ta l c o n d it io n s  un d er w hich th e  c h ic k s  wore r e a r e d  in  e i t h e r  f lo o r  

pens with f r e s h  wood sh av in g s  f o r  l i t t e r ,  o r in  th© new b a t t e r y  b ro o d e r in  

a  room in  w hich chicles were  r a i s e d  o n ly  once p r e v io u s ly ,  seemed t o  be more 

fa v o ra b le  f o r  th© r a p id  grow th o f  th e  b i rd s  th a n  th o s e  e x i s t in g  e n v iro n 

m ental conditions in  th e  P o u ltry  N u tr i t io n  la b o ra to ry *  T h is i s  n o t  s u r p r i s 

in g ,  since th e  ch ick*  were r e a re d  in  an env ironm ent which w as, in  a l l  p rob

a b i l i t y ,  th e  more highly co n tam in a ted  o f  th e  th re e *

The analysis o f v a r ia n c e  also revealed c h a t the en v iro n m en ta l c o n d i

t io n s  e x e r te d  a s ig n i f i c a n t  e f f e c t  on th e  re sp o n se  o f th e  c h ic k s  when 

p e n i c i l l i n  was added to their dicta* Considering all treatments and both 
d i e t s , the a d d i t io n  o f  penicillin to th© diets of birds re a re d  h i e n v iro n 

ment h had no effect on -th© growth r a t e s  how ever, th e  antibiotic elicited 
re sp o n se s  of SO and 44 grams in  env ironm en ts  B and 0 , r e s p e c t iv e ly *  

E xperim en ts 16 and 17 were te rm in a te d  at th© end of 4 weeks, but 
ex p erim en t 16 was c o n tin u e d  t o  B weeks to  d e te rm in e  i f  any of th e  t r e a t 

m ents would have an effect a n  the grow th rat© of birds raised o x i litter 
for a longer e x p e rim e n ta l period*
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Table 16

R e s u lts  o f  a n a ly s is  o f  v a r ia n c e  c o n s id e rin g  tre a tm e n t  and en v iro n m en ta l 
e f f e c t s  on th e  grow th o f c h ic k s  t o  4 weeks (ex p e rim en ts  16 , 16 , and 17)

Source o f v a r i a t io n  D egrees o f  Sum o f Mean
freedom  sq u a re s  sq u are

E f f e c t  o f  T reatm ent

F ish  meal 1 2508 .2 2S08.2

P e n i c i l l i n 1 350*4 350.4

V iab le  organism s 1 0 .1 0 .1

F ish  meal at p e n i c i l l i n 1 3 .3 3 .3

F ish  meal x  organism s 1 703.6 703.6

P e n i c i l l i n  x organism s 1 381.1 381.1

F ish  meal x  p e n i c i l l i n  
x  organism s 1 6 .0 6 .9

Environm ent 2 667*0 328 .5*

E f f e c t  o f Environm ent x T reatm en t

Environm ent x  f i s h  meal Z 17 4 .2 87.1

Environm ent x  p e n i c i l l i n t 734.6 367.3*

Environm ent x  o rgan ism 2 IS . 4 6 .7

Rem ainder 8 1953 .7 24 4 .8 b

In d iv id u a l  c h ic k s  ( e r r o r ) 818 /  0¥o^J<f .a 8 3 .4 7 *

^ s i g n i f i c a n t  a t  th e  5$ l e v e l ,

^ h ig h ly  s ig n i f i c a n t  a t  th e  l>:f. le v e l*

^  /Ktf strs s  GiSAl'?E Af/f ( / r<?c//?c f/i/s«&£XS (/r/WC A?
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The av erag e  8 week -weights o f  a l l  o f  th e  v a r io u s  groups o f  t h i s  phase 

o f  ex p erim en t 1 5 a r e  p re se n te d  in  t a b le  17 . E xcep t in  group 2 ,  fed  d i e t  

CS-3, where a  g a in  o f  21 grama was n o te d ,  th e  o rgan ism s f a i l e d  to  in c re a s e  

th e  grow th r a t e  when th e y  were added to  any o f  th e  d i e t s  e i t h e r  in  th e  

p re se n c e  o r in  th e  absence o f p e n i c i l l i n .  The group of chicles which w ere 

fed  o r o t i c  a c id  in  d i e t  CS-3 w ith  and w ith o u t p e n i c i l l i n ,  weighed r e s p e c t iv e 

l y ,  63 and 82 grams more th a n  th o se  b i rd s  w hich were fe d  com parable d i e t s  

w ith  added o rg an ism s. From t h i s ,  i t  ap p e a rs  t h a t  d i e t a r y  m icroorgan ism s 

may e x e r t  a  d e tr im e n ta l  in f lu e n c e  on c h ic k  grow th in  th e  p re sen ce  o f  o r o t i c  

a c id .

In c re a s e d  g a in s  o f  39, 33, and 44 grams w ere n o te d  when p e n i c i l l i n  

was added t o  d i e t s  CS-2, CS-3, and CS-3 w ith  o r o t i c  a c id ,  r e s p e c t iv e ly .

A lso , when th e  unsupplem ented  b a sa l g roups a r e  com pared, i t  w i l l  be seen 

t h a t  th o s e  c h ic k s  which were fed  th e  d i e t  supplem ented w ith  o n ly  f i s h  meal 

w eighed 53 grams more th a n  th o se  b i rd s  fe d  th e  d i e t  w ith o u t f i s h  m eal. In  

a d d i t io n ,  when f i s h  meal and o r o t i c  a c id  w ere p re s e n t  in  the  b a s a l  d i e t ,  

th e  c h ic k s  w eighed 77 grams more th a n  th o s e  b i rd s  fe d  th e  d i e t  w ith o u t 

e i t h e r  o f  th e s e  supp lem ents • These d a ta  te n d  t o  su g g e s t t h a t  th e  r a t e  ©f 

g a in  i® in f lu e n c e d  by th e  p re se n ce  o f f i s h  meal when th e  c h ic k s  a re  r a i s e d  

on l i t t e r ,  and th e  a d d i t io n  o f  o r o t i c  a c id  f u r th e r  m ag n ifie s  th e  r a t e  of 

g a in  in  th e  p re sen ce  o f  f i s h  m eal.



Th
e 

ef
fe

ct
 

of 
vi

ab
le

 
or

ga
ni

sm
, 

p
en

ic
il

li
n

, 
an

d 
or

ot
l©

 
ac

id
 

on 
th

e 
gr

ow
th

 
of 

©
hi

ck
s 

to 
8 

w
ee

ks
 

(e
xp

er
im

en
t 

16
)

78

1

Q #4

1
0&
-P«

s.
&
2

I
' f
8
-P
3Pt

-P
«

£<
&

oe-

Ico

«o

«o
t t

%
g

*H

< £>  COO <©

•*5 ICO fi»

ft*. pf0 5S

3

•riH** O fe» ©

Mi

* 1
V  ri© *4
a  •&
a  §,43 r~t

*"! °
I  °*
Q* *O

CM

e*m

94

m

CM
8

ft-
S

s

CO

ft©

CM

I

ft©
3

©©Ju-p

©

f t

I

re
pr

es
en

t 
fch®

 
nu

m
be

r 
of 

su
rv

iv
in

g 
eh

io
ks



n

VII* fh® I f f e e t  o f  Laot o b a c il lu s  b ifid u a  on th® Growth 
o f Chicks and tu rk e y  P o u lts

Two s t r a i n s  o f  L# b ifl& u a  war© a d m in is te re d  t o  c h ic k s  in  ex p e rim en t 

IS* Both s t r a in s #  Vt 5 and C 31# w hich have been d e s c r ib e d  on page 29 , 

w ere a d m in is te re d  to  c e r t a in  e x p e rim en ta l g roups o f © hicks in  the ly o p h i l -  

is-ed s t a t e ,  in  th e  feed* In  a d d it io n #  th e  chick® in  o th e r  experim ental 

g roups were o r a l l y  in o c u la te d  w ith  e i t h e r  © tra in  o f th® organ ism  on a l t e r 

n a te  days* The methods u sed  fo r  th e  p re p a ra t io n  o f each  s t r a i n  and th e  

r o u t in e  which was employed in  a d m in is te r in g  th e  organisms to  th e  c h ic k s  o f  

th e  o r a l ly  in o c u la te d  s e r ie s  hare been d e s c r ib e d  on page 37*

Th© ly o p h i l iz e d  p rep ara tio n ®  w ere employed a t  a  l e v e l  o f  0*022 per
5

c e n t  and , t h i s  amount o f  d r ie d  powder s u p p lie d  approxim ately 60 x  10 v ia b le  

o rgan ism s p e r  pound o f  feed*

In t h i s  e x p e rim e n t, bo th  s t r a i n s  o f th® o rg an ism  w ere t e s t e d  w ith  th© 

b a s a l  d i e t  CS-1 in  th e  p re se n c e  and in  th© absence o f  condensed f i s h  

s o lu b le s*  This substance h as  been found to  stim u la te  th e  grow th o f  L» 

b if id u a #  in  v i t r o *  C onsequently# I t  was in c lu d e d  in  th e  b a s a l  d i e t  w ith  

th© ex p ec ta tio n  t h a t  t h i s  treatm ent would cau se  th e  p r o l i f e r a t i o n  o f th e  

o rgan ism  in  th e  i n t e s t i n a l  t r a c t  o f  th e  ch ick  an d , h en c e , f u r th e r  m agnify 

any e f f e c t  h ig h  number® o f  t h i s  o rganism  m ight have on growth* Since# 

in  e a r l i e r  s tu d ie s#  th® p resen ce  o f  la c to s e  in  th© d i e t  caused, an in c re a s e  

in  th e  number o f  th e se  o rgan ism s which a re  n o rm a lly  p re s e n t  in  th e  oeca# 

t h i s  c a rb o h y d ra te  was in c lu d e d  in  fe e  s tu d y  w ith  ly o p h i l iz e d  p re p a ra t io n s  

o f  each  s t r a i n  o f  th® organism *

D uring th e  c o u rse  o f  t h i s  ex p e rim en t, a  c o n tro l  group o f  b i r d s  was 

in c lu d e d  in  b o th  s e r i e s  which in v o lv ed  f e e  b a sa l d i e t  w ith  and w ith o u t  

f i s h  s o lu b le s*  P h y s io lo g ic a l  s a l in e  was a d m in is te re d  -o ra lly  t o  th e  b i rd s  

in  th e s e  c o n t r o l  group® in  p la c e  o f  th e  su sp e n s io n s  o f  v ia b le  organism s*

The r e s u l t s  o f t h i s  s tu d y , w hich a re  p re se n te d  in  t a b l e  1 8 , in d ic a te
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T a b le  18

The e f f e c t  o f  v ia b le  p r e p a ra t io n s  o f  L ae to b & c illu a  b i f I d a s  on th e  growth 
o f  c h ic k s  to  4 weeks (ex p e rim en t 18)

Group Supplem ent Average w e ig h t A verage g a in
number 4 weeks in  grains in  gms. over

n eg . c o n tro l

1*
No f i s h

None ( s a l i n e )
s o lu b le s  

32 7a +10.82 (17) mm

2 . Vt 5 ( in o c u la te d ) 316 ♦14.00 (20) «  11

S. 0 31 ( in o c u la te d 302 1  8 .32 (2 0 ) ~  25

4* 10 ppm p e n i c i l l i n  ( s a l i n e ) 345 +10.73 (2 0 ) IS

5 . Aa 2 + 4 340 £22 .80 (16) 13

6 * A* 5 + 4 346 + 8 .80 (19) 19

7 . None 305 ♦ 8.81 (20) * •—M.

8* Vt 3 ( ly o p h i l iz e d ) 311 £11 .14 (20) 6

9. C 31 ( ly o p h i l iz e d ) 325 +11.74 (20) 18

1 0 .
4% f i s h

Non© ( s a l i n e )
s o lu b le s

339 ♦ 7 .96 (2 0 )

11. Vt 3 ( in o c u la te d ) 319 t  8 .4 0 (19) » 20

12 . C 31 ( in o c u la te d ) 337 ♦10.68 (1 9 ) -  2

13 . 10 ppm pen i c i l 1 in  ( s a l i n e ) 349 1 7 .32 (2 0 ) 10

14 . As 11 * 13 336 £ 9 .6 8 (18) 3

15 . As 12 + 13 349 ♦ 9 .16 (19) 10

16 .

1 7 .

I S .

10% la c to s e  

None 316 

?U 5 ( ly o p h i l i z e d )  292 

C 31 ( ly o p h i l iz e d )  312

* 9 .2 0  

+11.40  

♦11.87

(1 6 )

(17)

(1 9 )

vmmmmmi+wk

-  24

-  4

( 'r e p r e s e n t  th e  number o f  s u rv iv in g  ch icks*  
a c lo s e  t o  s ig n i f ic a n c e  a t  &% l e v e l  when compared w ith  3* 

h u t s i g n i f i c a n t  a t  th e  5;i< le v e l  Mien compared w ith  17.

S ig n if ic a n c e  based on f  t e s t .
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t h a t  th o se  c h ic k s  w hich were in o c u la te d  o r a l ly  w ith  e i t h e r  organism seemed 

to  grow l e s s  r a p id ly  th a n  t h e i r  c o n t r o ls ,  when f i s h  s o lu b le s  was e i t h e r  

added t o  or o m itte d  from  th e  b a s a l  d i e t .  The apparent d e p re ss io n  w hich 

was observed i n  group 3 approached th® 6 p e r c e n t  le v e l  o f  s ig n if ic a n ts *

Tli® a d d i t io n  o f p e n i c i l l i n  to  th® d i e t s  w ith  and w ith o u t f i s h  so lub le®  

a p p a re n tly  n eg a ted  th e  e f f e c t  o f  th e  organism * llhsn th® ly o p h il is e d  o r 

ganism s war© em ployed, no d i f f e r e n c e  in  th e  growth r a t e  was n o te d  (com pare 

groups 8 and 9)» However, when th e  ly o p h il is e d  p re p a ra t io n s  w ere added 

to  th e  d i e t  in  th® p resen ce  o f 10 p e r  c e n t  l a c t o s e ,  a  d e c re a se  in  th e  

grow th rat©  was noted* When compared w ith  group 1 ,  th© d e c re a se  in  th e  

grow th ra t©  o f  th© c h ic k s  w hich were fe d  ly o p h il is e d  ¥ t  8 , in  th© p resen ce  

o f 10 per c e n t l a c t o s e ,  was s ig n i f ic a n t .  Th© d e p re s s io n  in  growth in  t h i s  

in sta n ce  was 35 grams. On th e  o th e r  h an d , when th e  average w eig h t o f  th® 

b ird s  fed  Vt 3 and la c to s e  were compared w ith  th® b a s a l  d ie t  w ith  added 

la c to s e  (group 1 6 ) ,  th© apparent d e c re a se  in  th e  r a te  o f grow th was n o t  

s ig n i f ic a n t*

The e f f e c t  on c h ic k  growth o f  e i t h e r  o rgan ism  was n o t  f u r th e r  magni

f ie d  by th e  presence o f f i s h  s o lu b le s  in  th© d ie t*  However, i f  groups 1 

and 10 a r c  com pared, i t  w i l l  be n o te d  t h a t  a  s l i g h t  in c re a s e  in  th© grow th 

rat®  o cc u rre d  when f i s h  s o lu b le s  was p resen t in  th e  d i e t  o f  th® ch io k s  

w hich re c e iv e d  o n l y  g a lin ® .

Th© number o f  L* b i f ld u s  w hich w ere p r e s e n t  in  th e  oeca o f rep resen ta 

t iv e  b i r d s  from  c e r t a in  experim ental groups m s  e s tte s te d *  Appropriate 

d i l u t i o n s  o f  th® c eca l c o n te n t  o f  th e s e  b i r d s  w ere p la te d  cm Eugon a g a r  

and in c u b a te d  a n a e r o b ic a l ly  l a  Brewer J a r s .  A f te r  4 day® incubation  a t  

B7qC9 th #  sm all p in - p o in t  c o lo n ie s ,  w hich ap p eared  on the p l a t e s ,  were 

c o u n te d . S ince  b o th  organ ism s form  t h i s  typ e co lo n y  on p la t e s  of Fugon 

a g a r  which ar© in cu b a ted  a n a e r o b ic a l ly ,  i t  was f e l t  t h a t  t h i s  was a f a i r  

m easure o f  th e  a c tu a l  cumber o f o rg an ism s.
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The re su lt®  o f  th #  b a c te r io lo g ic a l  exam ination  o f  th e  eeea  o f  th# 

b i r d s  which w ere s e le e te d  from  s e v a r t l  o f  th e  ex p e rim e n ta l group# a re  

p re se n te d  in  t a b l e  19* The a d d it io n  o f  organism s t o  th e  d i e t s  in  th e  

ly o p h il is e d  s ta te *  or o r a l l y  in o c u la t in g  them  in to  th® c h ic k s , seamed to  

be r e f l e c t e d  by th e  number o f organ ism s w hich w ere d e te c te d  in  th e  c e c a l 

c o n te n ts*  F u rth e rm o re , th e  a d d i t io n  o f  10 p e r c e n t l a c to s e  seemed to  

e x e r t  th® m ost n o t ic e a b le  e f f e c t  e s p e c ia l ly  when ly o p h i l i s e d  C 31 was add

ed to  th e  d ie t*  Th® ad d itio n  o f  6 p e r  c e n t f i s h  so lu b le #  to  th® d i e t  seemed 

to  be in e f f e c t iv e  in  in c r e a s in g  th e  number o f  o rgan ism s in  th e  oeca when 

e i t h e r  o rgan ism  was in o c u la te d  o r a l l y  in to  th® ©hicks*

linen p e n i c i l l i n  was in c lu d ed  in  th® d i e t  o f  th e  b i rd s  w hich were o r a l ly  

in o c u la te d  w ith  organism  s t r a i n  Vt 3 , in  p la c e  o f  th® ex p ec ted  d e c re a se  

in  th e  number o f  JL, b i f I d u s ,  th e r e  was an in c re a s e  in  th e s e  o rgan ism s 

(com pare group® 2 and 5)*

A lthough , i n  g e n e r a l ,  th e  number o f organ ism s in  th e  ceca  w ere in 

c re a se d  when th e y  w ere a d m in is te re d  e i t h e r  in  th e  fe e d  o r  by m edicine 

d ro p p e r, i t  i s  d i f f i c u l t  from  th® d a ta  t o  s t a t e  t h a t  any c o r r e l a t io n  e x i s t 

ed* in  t h i s  e x p e r im e n t, between th® number o f  organism# w hich w ere a c t u a l l y  

p resen t in  th e  ceea  and th e  grow th ra te  o f  th e  b i r d s .

In  experim ent 1 9 , an  attem pt was made to  in f lu e n c e  th e  grow th o f 

tu rk e y  p o u l ts  by th® a d d i t io n  to  d ie t  TS-1 o f  l a c to s e  and f i e h  s o lu b le s  

e i t h e r  a lo n e  o r  in  com bination* 'In t h i s  stu d y , 11 d a y -o ld  Broad B reas ted  

Brans© p o u lts  were u sed  p e r  e x p e rim e n ta l g roup .

The r e s u l t s  ©f ex p erim en t 19 are presented  in  ta b le  20* The addition, 

o f  10 p e r  een t l a c to s e  t o  th® d i e t  r e s u l t e d  in  an in c r e a s e  in  th© r a t e  o f  

gain* The resp on se which was observed  w ith  th e  a n t i b i o t i c  and a lso  th© 

com bination  o f  th e  a n t i b i o t i c  and la c to s e  w ere b o th  s i g n i f i c a n t  a t  th e  

5 p e r cen t l e v e l .  F u rth e rm o re , th® a d d i t io n  o f  4 p e r cen t condensed f i s h
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fa b le  19

The e f f e c t  o f  a d m in istra tio n  o f  L a c to b a c illu s  b ifjd u s  on th® number o f  m 
the®# organic®® presen t in  th® ce'ca' o f' oTd~oEToks (experim ent 18)

Group P in -p o in t  c o lo n ie s
number Supplem ent Bugon a g a r  { a n a e ro b ic )

Ho f i s h  s o lu b le s  

1 * Bon® 60

2 . Yt 3 ( c r a l ) 90 ( -1 1 )

$• C SI ( o r a l )  770 ( -2 6 )

6* As 2 * 10 ppm p e n i c i l l i n  620 { 18)

8£i f i s h  so lub le®

10* Bone $60

1 1 . ¥b 3 ( o r a l )  50 ( -2 0 )

1 4 . Y t 3 ( o r a l )  * 10 ppm p e n i c i l l i n  120 ( -  2 )

IO/® la c to s e

16* Hone 3S0

17* ? t  5 ( ly o p h i l i s e d )  940 ( -2 4 )

1 8 . C SI ( ly o p h i l i s e d )  4 2 6 0 { e« tim t® d ) ( -  4 )

#c©uats exp ressed  as th #  number o f organism s per gram o f c e c a l fe c e s  
on w et b a s is ,  x .^

 ̂ ^ d ifferen ce  in  average gain between group and n eg a tiv e  c o n tr o l.
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Xabl® no

The e f f e c t  o f  1 a c t  os© and p e n i c i l l i n  on th® gro-wth o f tu rk e y  p o u lts  to  
4 nooks (ex p erim en t 19)

Group
number Supplem ent

Average -weight 
4 weeks in  grams

Average g a in  
in  gras* over 
n ag . c o n tro l

Ho f i s h  s o lu b le s

1# Ion® 492 227 .14 (10 )

2* 1Q;£ la c to s e ms 229 .14 (1 1 ) 84

s* 10 ppm p e n i c i l l i n 617* ♦22.89 (1 0 ) 125

4 # As 2 ♦ S 664b ♦27.80 ( U ) 172

4;: f i s h  s o lu b le s

y* 8 one S87* £18 .78 (1 1 )

6 * lCt£ 1 a c t  os® 647 *20.76 ( 8 ) -  40

f . 10 pp® p e n i c i l l i n 618 ♦11.11 ( 9) 80

8 * As 8 +  ? 829 *37 .99 (1 0 ) 42

 ̂ V s  p re s e n t  th e  sunber o f  s u rv iv in g  ch ick s*

^ s i g n i f i c a n t l y  h o t t e r  th a n  1 a t  5^ le v e l*
^ s i g n i f i c a n t l y  t e t t e r  th a n  1 a t  &% le v e l#

^ s i g n i f i c a n t l y  h o t t e r  tnan  1 at le v e l*

S ig n if ic a n c e  hasod on T to s t#
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so lu b le s  to  th® basal d ie t  r e su lte d  la  a s ig n i f ic a n t  in crea se  la  th e  growth 

rat® (eosqpare groups 1 and 5)* When la c to s e  was added t o  th® d ie t  in  the  

presence o f  f i s h  s o lu b le s ,  the growth ra t#  seemed t o  be retarded# Coi&el* 

dent w ith t h i s  ob servation  was th® appearance o f  h igh  numbers o f  l ,  b if id u e  

in  th® ©eea o f  th e  p ou lts#  In both in sta n c e s  where ih e  a n t ib io t ic  and th e  

carbohydrate were added t o  th® d ie t  to g e th e r , th e  average w i g h t  o f th e  

p o u lts  was h igh er  than th a t  o f  each o f  th e  r e s p e c t iv e  co n tr o l groups 

(compare group 1 and 4j 5 and 8)# B a c te r io lo g ic a l a n a ly s is  o f  th© ceca  

rev ea led  th a t  th e  a n t ib io t ic  was n o t e f f e c t iv e  in  e lim in a tin g  Lm b ifid u g  

from th e  oeoa*
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¥111* Th® E f f e c t  of A ero b ac te r  as r oganes and E s c h e r ic h ia  c o l i  
cm th© Growth o f L actobacil lu a  b ifida®

S in c e , in  e a r l i e r  s tu d i e s ,  th e appearance  o f  h ig h  num bers o f  L* b i f idus 

in  th e  ceoa seemed t o  be c o r r e l a t e d  w ith  poor c h ic k  grow th , I n t e r e s t  in  

th e  n u t r i t i o n a l  requirem ents o f t h i s  organism  was aroused* Th© organism  

co u ld  n o t b© c u l t i v a t e d  in  s e v e ra l  o f  th e  eomplex media which were employed 

by Romoaer (1951)* R ecen t work by -gnosd? e t  a i»  (iQfis) We-teal

sms shown, t h a t  th® o rgan ism  req u ires  an u n id e n t i f i e d  f a c to r  f o r  grow th .

This f a c to r  i s  p re s e n t  i n  f i s h  s o lu b le s . I t  i s  o f  i n t e r e s t  t h a t  t h i s  same 

su b s ta n c e  contain®  an u n id e n t i f i e d  f a c to r  n e c e s sa ry  f o r  th e  rapid , grow th 

o f  c h ic k s .

On th e  b a s is  o f t h i s  w ork , th e  p o s s i b i l i t y  e x i s t s  t h a t  in  th e  p resen ce  

of p e n i c i l l i n ,  E* c o l i  a n d /o r  A, aerogenes s y n th e s is e  a  f a c to r  In th® in 

t e s t i n a l  t r a c t  o f  th® c h ic k s  which promoted t h e i r  g ro w th . In th e  absence 

o f th® a n t i b i o t i c ,  on th e  o th e r  h an d , L« b i f id u s  may u t i l i s e  t h i s  f a c to r
9  «*v i> '(iiwatwuwaw—wweww* *-

a t  th e  expense . o f  th e  h o s t  and h en ce , d ep re ss  i t s  growth*

With t h i s  th e o ry  in  m ind, two e x p lo ra to ry  t r ia l®  were perform ed to  

d e te rm in e  i f  e i t h e r  E* c o l i  o r A* aerogenes w il l  produce a  f a c to r  w hich 

s t i m l a t e s  th e  grow th o f L* bi f i d u a .

The presum ptive  t e s t ,  w hich h a s  been d e s c r ib e d  on page 39, was u sed  

to  t o s t  th® e f f e c t iv e n e s s  o f each  o rgan ism , In  th e  v ia b le  ©tat®, on th e  

growth o f 1# b i f i d u s * A dens© son© o f growth o f L. b l f f du s  was produced 

d i r e c t l y  below th e  s tr e a k e d  o rgan ism s m  th e  uusfaMr 5 medium (se e  appendix)* 

T h is  t e s t ,  w h ile  o n ly  p re su m p tiv e , in d ic a te d  t h a t  th© o rg an ism s, in  soma 

way, e x e r te d  an e f f e c t  on th© growth o f h* b i f i d u s *

W ith ‘the development o f th© tub© a s s a y , in  which Jb. b i f  idus i s
A ***** ryiTiiW in.in cm- it- -"tn—r

u t i l i s e d  a s  th® t e s t  o rgan ism , on© v ery  r e c e n t  t e s t  has been, oerform ed 

u s in g  c e l l s  o f E* c o l i  w hich w ere p re p a re d  a® d e s c r ib e d  in  t a b le  6 , page 40*
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Each sample was n e u tr a liz e d  and added to  d u p lic a te  a ssay  tubes a t  

l e w i s  o f  0*1 , G#5, 1*0, and 2*0 mi* At th e  end o f 4$ h o u rs  in cu b ation , 

the co n ten ts  o f each tube was t i t r a t e d  w ith  0 ,1  M SaQH. Tm iie th ere  w e  

no d if fe r e n c e  in th e  a c t iv i t y  o f  any o f  th e  sam ples, p r o g r e ss iv e ly  in 

creased  a c t iv i t y  was observed w ith  th e  0*1 , 0*5 , and 1*0 ml le v e ls *  I t a i -  

fflum s t i m la t i o n  o f  th e  organism seemed t o  be e l i c i t e d  fey th e 1*0 mi l e v e l  

o f th® samples*

Since th e  organism  was grown on a medium which co n ta in s phytone, and 

t h is  substance co n ta in s  th e  *L* b i f  idus fa c to r ”,  fu rth er  work i s  being  

performed to  determ ine th® a c t iv i t y  o f  f U  c o l i  and JU aero genes tr e a te d  

in  a s im ila r  manner tu t  grown on a s y n th e t ic  medium.
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Th© r e s u l t s  which have been o b ta in e d  in  t h i s  in v e s t ig a t io n  in d ic a te  

t h a t  E s c h e r ic h ia  c o l i  and A ero b ac te r  aerogeneg  b e n e f ic i a l ly  in f lu e n c e  -fee 

grow th r a t e  o f c h ic k s  when added to  d i e t s  w hich c o n ta in  10 ppm o f  p ro c a in e  

p e n i c i l l i n  G* In  th e  absen ce  o f  th e  a n t i b i o t i c  o n ly  s l i g h t  in c r e a s e s  in  

growth rate*  i f  any* w ere observed*

W hile t h i s  in  wes t i g a t i o n  was i n  progress* t h r e e  account* ap p eared  

in  th e  l i t e r a tu r e  w hich a re  e s s e n t i a l l y  in  agreessent w ith  th e  o b se rv a 

t io n s  which a re  r e p o r te d  hero* Anderson e t  a l » (1952 b f and 1953 a )  

a d m in is te re d  b ro th  c u l tu r e s  o f  15 • c o l i  t o  c h ic k s  and observed  a s l i g h t  in 

c re a s e  in  th e  grow th r a t e  w hich was f u r t h e r  s i g n i f i c a n t l y  in c re a s e d  when 

p e n i c i l l i n  m s  a ls o  p re s e n t  in  th© d i e t .  A d d itio n  o f  th e  c e l l - f r e e  f i l t r a t e  

p e r  s e  had no e f f e c t  on th e  grow th o f  ©hicks in  th e  absence o f  p e n ic i l l i n *  

However* when th e  a n t i b i o t i c  m s  in c lu d e d  in  th e  d i e t  w ith  th e  ©@11- f r e e  

f i l t r a t e *  grow th was s i g n i f i c a n t l y  b e t t e r  th an  when th® u n in o c u la te d  s t e r 

i l e  b ro th  was fe d  in  th e  p resen ce  o f th e  a n t ib io t i e *

When nori-v iafele p r e p a ra t io n s  o f  e i t h e r  E* © oil o r JU a©roggm.es were 

added t o  th e  d i e t s  o f  ©hicks no e f f e c t  on. t h e i r  growth rat©  was observed* 

S im i la r ly ,  Anderson. ©£ a l « (1953 b ) added k i l l e d  c e l l s  o f  E* c o l i  to  pms.lt 

d i e t s  in  th e  p re sen ce  and in  th e  absence e f  p e n ic i l l i n *  These in v e s t ig a 

t o r s  r e p o r te d  t h a t  t h i s  treatm ent was in e f f e c t iv e #  T h is would in d ic a te  

t h a t  v ia b le  organism s m is t  be sup p lied  in  o rd e r  to  o b ta in  a growth response*  

T h is o b s e rv a tio n  I s  f u r th e r  su p p o rted  by th e  f a c t  t h a t  d i e t s  w hich con

ta in e d  a h ig h  number o f  v ia b le  o o lifo r ia  ©©lie p e r pound w ere ©tor© e f f e c t iv e  

in  prom oting th e  grow th r a t e  o f  ©hicks th an  th o se  d i e t s  w hich co n ta in ed  

few er o rg a n is t® . Wide v a r i a b i l i t y  m s  en co u n te red  flhen. b a c t e r io lo g ic a l
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e x am in a tio n s  wore perform ed on th© eeoa o f b i rd s  w hich were fed  d i e t s  con

t a in in g  v ia b le  organism s* Hones, t h i s  d i f f e r e n c e  i n  a c t i v i t y  betw een d i e t s  

w hich c o n ta in e d  h ig h  numbers o f v ia b le  o rgan ism s end th o s e  w hich  c o n ta in e d  

fewer organ ism s can  n o t  be e x p la in e d  on ly  on th e  b a s is  o f  im p la n ta tio n  o f 

th e  o rgan ism  in  th e  in t e s t in a l  t r a c t*

The e f f e c t iv e n e s s  o f  d i e t a r y  m icroorganism s seemed to  be in f lu e n c e d  

by th© environment in  w hich b i r d s  w ere re a re d *  if te n  trie c h ic k s  had a c c e s s  

t o  t h e i r  d ro p p in g s , no in c re a s e d  g a in  r e s u l t e d  from  th e  a d d i t io n  o f v ia b le  

p e n i c i l l i n - r e s i s t a n t  organism s* In  f a c t ,  th e  c h ic k s  w hich w ere r a i s e d  on 

l i t t e r  w ith o u t d i e t a r y  organism s grew a s  w e ll  ms th o se  b ird s  w hich were 

fe d  th e  o rg an ism s, b u t r a i s e d  in  b a t t e r ie s *  T his may have been a  r e s u lt  

o f  th e  in g e s t io n  o f  f e c e s  by th® b i r d s  r a i s e d  on l i t t e r ,  s in c e  Johannson 

s t  ml* (1048) found h ig h  number® o f  E* c o l l  in  th® fe c e s  o f  ch icks*

The grow th r a t e  o f  chick® was a ls o  d e f i n i t e l y  in f lu e n c e d  by th© en

v iro n m en ta l cond ition®  in  w hich th e y  w ere rea red *  A more ra p id  r a t e  o f  

growth was observed  in  an env ironm ent which was u sed  o n ly  once p re v io u s ly  

f o r  r e a r in g  c h ic k s  when compared w ith  th e  r a t e  o f  grow th o f  th o se  b i r d s  

w hich w ere r e a re d  on l i t t e r  o r  in  a  b a t t e r y  in  a room w hich was u sed  f o r  

4 weeks o u t o f e v e ry  6 f o r  grow ing ©hicks* T his i s  s u r p r i s in g  s in c e  

rep o rts  by C oates ®t a l*  (1951 b 9 1962) and B ird  ®t ml* (1 9 3 2 ), in d ic a te  

t h a t  chick® w hich are re a re d  in  a  "new* env ironm ent f a i l  to  chow a r e s  pons® 

to  added a n tib io tic © *

The f a c t  t h a t  th #  ©hicks grew b e t t e r  in  an environment w hich m s  l e s s  

l i k e l y  to  be co n tam in a ted  w ith  u n d e s ir a b le  microorganism® s t r e s s e s  th e  

im portance o f s a n ita t io n ,  in  r e a r in g  ch icks*

I t  m s  o b serv ed  t h a t  th.® bird®  which, w ere r a i s e d  in  a l l  env ironm ents 

and fe d  th e  v ia b le  p e n i c i l l i n - r e s i s t a n t  m icroorgan ism s grew a s  w e ll a s  th© 

b i r d s  w hich re c e iv e d  p e n ic i l l i n *  In  a d d i t io n ,  no in c re a s e  in  growth rat®
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o ccu rred  when p e n ic i l l in  and th e  organisms were? added to g e th e r .  I t  i s  

p o s s ib le  t h a t ,  in  t h i s  s tu d y , th e r e  was no com p etition  between th© type  

o f o rgan ism s w hich were added and th e  ty p e  w hich were p resen t in  th© en

vironment as a normal eontasainant.

In  th r e e  ex p erim en ts  th© a d d i t io n  o f v ia b le  p e n i c i l l i n - r e s i s t a n t  

xoieroorganlssui to  a d i e t  w hich c o n ta in e d  f i s h  m eal, in  a d d i t io n  to  corn and 

soybean o i l  ratal, had no e f f e c t  on growth. However, th e  a d d i t io n  o f  o rg an 

ism® to  & d ie t  which m© form ulated to  con ta in  sub-optim al q u a n t it ie s  o f 

th e  u n id e n t i f i e d  f a c to r  p re s e n t  in  soybean o i l  nasal ( H i l l ,  1848s H il l  and 

B rig g s , 1680} but w hich c o n ta in e d  ample q u a n tit ie s  o f  th e  u n id e n t i f i e d  

f a c t o r  r e p o r te d  to  he p r e s e n t  in  f i s h  s » a l  (heis©  e t  a l , 1849) s l i g h t l y  is*- 

proved th e  grow th r a t e  o f  th© c h ic k s .  G reater g a in s  w ere o b ta in e d  when 

p e n i c i l l i n  m e  a ls o  In c lu d e d  in  t h i s  d ie t  w ith  v ia b le  o rg an ism s. Improved 

growth was a l s o  observed  when a co rn -so y b ean  o i l  meal r a t i o n ,  w ithout f i s h  

m eal, was u sed .

I f  A. aerogcact a n d /o r  jK • c o l l  s u p p lie d  a f a c t o r  which caused  a growth 

re sp o n se  in  th e  c h ic k s ,  th e se  observation®  im ply t h a t  t h i s  f a c t o r  m s  in 

v o lv ed  in  an in te r r e la t io n s h ip  betw een th© f a c to r s  r e p o r te d  t o  be p re s e n t  

in  f i s h  meal and soybean o i l  meal. The p resen ce  o f  b o th  substances in  th© 

d i e t  seemed to  s p a re  th® f a c t o r  which m s  s u p p lie d  by th e  Edcroorganleiue,

On the o th e r  hand, when e i t h e r  substance m s  a b s e n t ,  the grow th rat© m s  

fa v o ra b ly  in flu en ced  by th e  preeenoe o f  v ia b le  p e n l e l l l in - r e s i s t a n t  m icro- 

organ la  <ne in  th e  d i e t .

Some evidence m s  obtained in  t h i s  in v e s t ig a t io n  which in d ic a te s  th a t  

£ ,  c o l i ,  when added to  a p u r if ie d  d i e t  can s p a re  th e  d i e t a r y  req u ire m en t 

o f  tli© © hick f o r  c e r t a in  v ita m in s  o f th© 8 complex* The ad d itio n , o f  v ia b le  

organism s o r  p e n i c i l l i n  bo a d i e t  which c o n ta in e d  no added b io t i n  in c re a se d  

th© grow th rat®  o f th e  c h ic k s .  This o b se rv a tio n  Is  in  agreem ent with.



slaibel e t  a l»  (1962) who found, an in crea se  in th® Mo tin c o n te n t o f  egg® 

as a r e s u l t  o f  fe e d in g  p e n i c i l l i n .  However, whan b o th  th© a n t i  b io t i c  and 

organism  w s  added In com bination, growth m® no b a tte r  than th a t  observed  

when e i t h e r  aupplotasmt wee u sed  a lo n e ,  This s u g g e s ts  t h a t  In c re a s e d  syn- 

t h e s i s  of b io b in  by  the organism  d id  n o t  o ccu r in  the p resen ce  o f  th #  

a n t ib io t i c #

Mo e v id e n c e  was o b ta in e d  .to  in d ic a te  t h a t  th e  o rgan ism  could  sy n th e s 

is© p a n to th e n ic  ac id #  In f a c t ,  a  d e p re s s io n  o f th e rat©  o f  grow th was 

n o te d  when organ ism s w ere added t o  a  p a n to th e n ic  a c id  d e f i c i e n t  d ie t*  T h is 

d e p re s s io n  approached  s ig n i f i c a n c e .  The a n t i b i o t i c ,  when used  alone In  

th e  p a n to th e n ic  a c id  d e f i c i e n t  d i e t ,  caused  an in c re a s e  in  th e growth r a te *

It is i n t e r e s t i n g  t h a t  th e  a d d i t io n  of organism s t© th© d i e t  which con

ta in ed  th e  a n t ib io t ic  caused a depression in th e  growth r a t e  when th e  average 
g a in  o f  t h i s  g roup  was compared w ith th e  av erag e  g a in  of t h a t  g roup which 

re c e iv e d  m l j  th© a n t i b i o t i c .  I t  i s  p o s s ib le  t h a t ,  in  th© p resen ce  o f  

p e n i c i l l i n ,  p an toth en ic  a c id  may have been sy n th e s ise d  by an organism other  

than, E . c o l i . The a d d i t io n  o f  E* c e l l  to  diet® w hich c o n ta in  sub-optimal 
q u a n t i t i e s  o f  p a n to th e n ic  acid, under th e  c o n d it io n s  o f t h i s  experim ent, 

seems t o  b© d e tr im e n ta l  t o  th© growth o f th© an im al * T his would in d eed  

be a factor worthy o f  considerable©, i f  th e  in c lu s io n  o f  v ia b le  organisms 

in  p o u ltry  fo o d s i s  e v e n tu a lly  proven t o  be o f practical im portance *
B lay lo ck  ©t a l .  (1962) found t h a t  th© d ie t a r y  requirem ent f o r  r ib o 

f l a v in  by th e  c h ic k  was sp a re d  by p e n i c i l l i n .  T h e ir  ob servation  was a g a in  

con firm ed  d u r in g  t h i s  in v e s t ig a t io n *  B* ©oi.3» when added t o  th© diet# a lo n e ,
f.

cau sed  a s l i f $ i t  i n c r e a s e  in  th e  growth r a t e .  However» a significant response 
w as n oted  when th® a n t i b i o t i c  and organism  w ere included  to g e th e r , AU th e  

d ie t  which m s  deficient in r ib o fla v in *  Actually, th e  re sp o n se  was g r ea ter

hlimi t h a t  w hich m s  o b serv ed  when both  supplements were added to  th e  basal
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r a t io n  which was com plete in  a i l  v ita s tin g  known, to  h® r e q u ire d  b y  th e  

c h ic k ,

iho in d ic a tio n  t h a t  K* o o l i  spares th e d ie t a r y  requirement o f  th e  

ch ick  f o r  c e r t a i n  5 vitami&a len d s  soma s u p p o rt to  th e  p o stu la te  th a t  

a n t ib io t ic s  proxsote grow th by in crea sin g  to© a v a i la b i l i t y  o f  e s s e n t ia l  nu

t r ie n t s  * th e ev id en ce obtained  in  t h i s  study in d ic a te s  th a t  a t  l e a s t  two 

e s s e n t i a l  v ita m in s, b io t in  and r ib o f la v in ., ,  raay be in v o lv e d . S ince a n t i 

b i o t i c s  have been shown to  re d u c e  th e  number o f f a s t i d i o u s  organising in  

th e  in t e s t in a l  t r a c t  o f  th e  ch ick  by Anderson e t  a i*  (1362 b ) ,  March and 

ft ie ly  (1 3 6 2 ), and o th e r s ,  i t  i s  p o ss ib le  t h a t  the c o m p e titio n  between in 

t e s t i n a l  organism s and  th e  h o s t  f o r  c e r ta in  m eta b o lite s  i s  a b o lish e d  fey 

th e  a d d i t io n  o f a n t i b i o t i c s  to the d ie t  o f  th e  host* Tim .ad d itio n  o f  both  

organism  and a n t i b i o t i c  supplement® to g eth er  to  a p r a c t ic a l  type d ie t ,  

which co n ta in s  adequate amount* o f  th e  B v itam in s known to  be requ ired  fo r  

th e  c h ic k ,  cau ses an in crea se  in  th e  growth rate*  ^enoe, th e  com plete  

lasehanism whereby a n t ib io t ie ®  and d ie t a r y  m icroorgan ism s e x e r t  an  e f f e c t  

on grow th, can n o t be exp la in ed  on ly  on th e  b a s is  o f  th e  f in d in g s  a s  d is 

cu ssed  above*

Mien A# aerogeae* was grown in  K oser'e c i t r a t e  broth w hich con ta in ed

100 u n it®  o f  p e n i c i l l i n  per m l, to e  a n t i b i o t i c  d id  n o t  i n h i b i t  th e  growth 

o f  th© t e s t  o rgan ism , M icros ©ecus pyogenes vmr* a u re u s  ( s t r a i n  209 jf) ,  

a f t e r  fe rm en ta tio n *  Ho in c re a s e d  growth was o b serv ed  m e n  a p o r tio n  o f th e  

b r o th ,  w hich s u p p lie d  t h e  e q u iv a le n t  o f 14 ppm of p e n i c i l l i n ,  was added to  

th e  d ie t*  h e n c e , t h i s  in d ica te©  t h a t  th© o rg an ism , under to e  c o n d it io n s  

o f t h i s  experim ent, d id  n o t  c o n v e r t to e  p e n i c i l l i n  m olecule in to  an a c t iv e  

e n t i ty *  A lso , th e s e  d a ta  in d ic a te  t h a t  in  o rd e r  to  be e f f e c t i v e ,  the a n t i 

b i o t i c ,  m e t  be in  an a c t iv e  for®* This th e n ,  would le n d  su p p o rt t c  to e  

ob serv atio n ©  o f  Luokey (1962) who found t h a t  a n t i b i o t i c s  w ere i n e f f e c t iv e
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function th ro u g h  a change in the i n t e s t i n a l  m icr© flora*

Tvhen jU aerogenes was grown i n  Koser*s c i t r a t e  broth, no ev id en ce  

'eras obtained to support th e  view  that th e  o rgan ism  co u ld  sy n thesis®  a  

growth factor for th e  chick in v i t r o  in  a s y n th e t ic  amdiuau th e  f i l t r a t e  

from th e  broth cultures had ac effect on c h ic k  growth* l ik e w is e ,  the cells 
which, were grown ia this medium failed to exert any effect oa chick growth.
Y et, in  m ost in s t a n c e s ,  when th e  o rgan ism  was grown on th e  s u r fa c e  o f 

Bugon agar, th e  growth rate of chicks was favorably influenced* h i no®

Bugos a g a r  i s  a oomplex medium, i t  is possible t h a t  c e r t a i n  p r e c u r s e r s  

of a factor are s u p p lie d  by this medium arid enzymatic processes within the  

cell make possible the s y n th e s is  of the factor* th e n  cells of e i t h e r  o r*  

ran ism  w ere re n d e re d  in a c t iv e  by t r e a t i n g  them  w ith  70 p er cent e th y l  

flcohoi, no increase in  the growth rate was noted* However, when pen#*

I c i l l i n  was added to th e  d i e t s  w hich contained the colls of A* aero genua 
which had been t r e a t e d  w ith  e th y l  alcohol, growth was considerably better 
than t h a t  observed with the c h ic k s  nail oh were fed diets w ith  th e  two sup

plements added separately* ©.ii@ is of interest sine© it indicates th e  

possibility t h a t  a factor within the cell may bm liberated by e th y l  alcohol*
In contrast to the favorable effects which were exerted on the growth 

of chicks by the d ie ta r y  ad m in istra tio n  o f viable pen io  i l 1in-r© si s ta n t  

Microorganisms, L* b lf ld u s  appeared to exert a detrim en ta l influence. A  

decrease in  the growth rat© of th e  chick* coincided with the o r a l  inocula
tion cf this organism*

The strain of th e  organism which was isolated from the cecal feces 
of a chick (C 81) when it was inoculated in to  the chicks, caused & decrease 
in th© .growth rat© which approached s ig n if ic a n c e *  S im ila r ly , th e  chicks 
which rece iv ed  the strain o f the organism which was isolated from a poult (?t S)
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a l s o  showed a d ecrease in  th e  r a t #  o f g a in  hub i t  m s  n o t  as marked m  

t h a t  p rodneed by  s t r a i n  0 Si* iVhen p e n ic i l l in  was in e lu d ed  in  th e  d i e t  

o f  th e  b i r d s  w hieh  were o r a l ly  in ocu lated  w ith  e ith e r  o rg an ism , th e  growth 

r a te  was s im ila r  to  th a t  which was observed when p e n ic i l l in  was fed to  a  

co n tro l proup o f  untnecul&bed b ird s *  However, no red u ction  in  th e  osuaber 

0 f  k*b lf id u s  was found in  th e  ccoa o f  th e  o r a l ly  in o c u la te d  bird®  fe d  jsen- 

£©111 in* A d ecrease  in the number o f  organisms was ex p ected , sir©® %lm 

organism m s  found to  be h ig h ly  su so e p tlb le  t o  p e n ic i l l in  jh^ v iv o  by 

Homoser a t  a l*  (19S2)* fen i  © i l l  in -r e s  la te n t  fo r m  o f  t h e  organism were 

d etested  in  s o w  in s ta n c e s ,  h o w w r . The presene©  o f  h igh  nmshsrs o f  

i»* b if ld u s  in  th e  sooa  o f  o r a lly  in o cu la ted  ch ick s  w hich w ere fed  th e  a n t i

b i o t i c  m s  duo* in  a l l  p r o b a b i l i t y ,  to  ’the  presence o f  r e s i s t a n t  s tr a in s  

o f th e  organism* th e  frequency w ife  w hich f e e  o rg a n ism  were adm inistered  

■and th e  h ig h  number o f  v ia b le  c e l l s  p e r dose would certainly promote fe e  

development o f r e s is t a n t  s tr a in s*

ly e p b l l is e d  preparation# o f  e ith e r  s tr a in  ¥% $ or € SI ex erted  no 

e f f e c t  cm th e  growth rate*  The b ird s which were fed d ie t s  supplemented  

w ife  th e se  materials grew as r a p id ly  a s  fe e  am  f e e l  group* However, a

s ig n i f ic a n t  d ep ressio n  o f  fe e  growth r a te  took  p lace  when on# s tr a in  ( f t  3)

w^e ad o iA istered  to  th e  eh lok s in a d ie t  which eontalnod  10 per eeixt l&o~

to ss*  A lso , th e  counb o f  L* b lf ld u s  was s l i g h t l y  h igh er  in  the coca  o f

rep resen ta tiT s  eh lo k s  from t h is  group than la  fee®® ©hicks whioh were fed  

fe© d ie t  co n ta in in g  la c to s e  h a t no added organisms*

irn. e a r ly  r e p o r t  which mentioned fe e  n u tr it io n a l ly  fa s t id io u s  nature  

o f  th e  a v ia n  s tr a in  o f  JU b lf ld u s  (itoiaeser, l i f i l ) ,  has s in e *  been coafin aed  

by Y dtre e t  a l * ;193S)» CM th e  b a s is  o f  th e se  r e p o r ts , a  m icro b io lo g ica l 

a ssa y  has been developed  by Short and Veltrw (19SS* unpublished  d ata) whioh 

us®a fe e  avian s tr a in  o f  i** b lf id a s  as th e t e s t  organism.* Various
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p r e p a r a t io n s ,  which have been shown iso c o n ta in  u n id e n t i f i e d  f a c to r  a c t i v i t y  

f o r  th e  ch ick*  e s p e c ia l ly  condensed f i s h  s o lu b le s ,  have a ls o  been ©horn 

to  s t in a ila te  th e  grow th o f  th e  t e s t  organism* At th e  p resen t t im e ,  no 

c o r r e l a t i o n  e x i s t s  between the c h ic k  a s sa y  o r th e  m io ro b io lo g iea l a s sa y  

when c e r t a in  f r a c t io n a t io n  p ro ced u res  a re  performed on the crude supple*  

cent* In e x p lo ra to ry  t r i a l s ,  v ia b le  c e l l s  o f E* c o l l  and Ju  a s ro g en e s  

have b o th  stim u la ted  th e  growth o f  î * bifid.u s in  v i t r o .  In  a d d i t io n ,  o e l le  

o f £* o o l i  which were t r e a te d  w ith  70 p e r c e n t a lc o h o l o r auboel&ved a t  

pit 4*0 stim u lated  th e  g row th , v i t r o , of f*  b if id a  s .

th e s e  v e ry  r e c e n t  t r i a l s  su g g e s t t h a t  th e c o lifo rm  o rg a n is m  c o n ta in  

an i n t r a c e l l u l a r  grow th f a c to r  f o r  'L» b if id u s *  I f  t h i s  f a c to r*  a t  a l a t e r  

d a te*  i s  found to  be r e sp o n sib le  a l s o  fo r  th e  s t im u la t io n  o f cn iek  growth  

when th e s e  o rg a n is m  a r e  added t o  the d ie t*  a  s a t i s f a c t o r y  e x p la n a tio n  o f  

th e  r o le  o f f#  o o li*  A* a e ro  genes * and L* b iffidus in  th e  o v e r - a l l  mechan

ism of th e  grow th s t im u la t io n  o f p o u ltry  by a n t i b i o t i c s  w i l l  be a v a ila b le #



th e  a d d i t io n  o f  ly o p h i l i s e d  prop© r a t  io n s  o f  f g c h e r lc l i ia  p o l l  and

A e ro b ac te f  aero g g aee  to  ©hick d i e t s  whioh c o n ta in e d  10 ppm p ro c a in e  pen*

i© i l l I n  G caused  & s ig n i f i c a n t  in c re a s e  in  th e  g row th  r a t e  o f  th e  b i rd s

t o  4  weeks o f  age# The a d d i t io n  o f  th e  o rgan ism s to  d i e t s  which c o n ta in e d

no added a n t i b i o t i c  m s  o f  l i t t l e  ccnsequence*

A c h ic k  s t a r t i n g  s a sh  was ferm en ted  w ith  A* aaro fsen es, and th e  d r ie d

p re p a ra t io n  w hich c o n ta in e d  v ia b le  organism s o f A» a c ro g e n e s , was a ls o

found to  e x e r t  & b e n e f ic ia l  e f f e c t  on th e  grow th o f  © hicks in  th e  p resen ce

o f  th e  a n t ib io t i c *  T h is m a te r ia l ,  when i t  was added, t o  th e  d i e t ,  s u p p lie d  
7ab o u t 30 x  10 v ia b le  o rgan ism s p e r  pound o f fe e d  when u se d  a t  a  l e v e l  o f  

2 p e r  c en t*  Ih e n  s e v e ra l  r e p l i c a t i o n s  o f  t r i a l s  in  w hich fe rm en ted  pro* 

d u c ts  and ly o p h i l i s e d  p re p a ra t io n s  were ©© spared, th e  l a t t e r  p r e p a ra t io n  

was found  to  be more e f f e c t i v e  th a n  th e  fo rm er in  p ro n o tin g  th e  r a t e  o f  

g row th , i f  p e n i c i l l i n  was a l s o  in c lu d e d  i s  th e  d i e t  w ith  th e  v ia b le  

organism s*

When A* aero g en es  was grown in d e ep , a e r a te d  c u l tu r e  in  a sy n th e t1© 

medium, n e i t h e r  th e  c e l l s  n o r  th e  © e l l - f r e e  f i l t r a t e  had an e f f e c t  an th e  

grow ^i o f  th e  b ird s*

Crowing A* ae ro g en es  in  k o se r* s  c i t r a t e  b r o th ,  w hich c o n ta in e d  100 

un it®  o f  p ro c a in e  p e n i c i l l i n  G p r io r  t o  fe rm e n ta t io n , d e s tro y e d  th e  a n t i*  

m ic ro b ia l a c t i v i t y  o f  th e  a n t ib io t i c *  ’*vhea an e q u iv a le n t  o f  b r o th ,  o a i*  

e u la te d  to  su p p ly  14 ppm o f  p e n ic i l l i n . ,  m s  a id e d  to  th e  d i e t ,  th e re  was 

no grow th s t im u la t io n  w hich i s  u s u a l ly  observed  when active* p e n i c i l l i n  i s  

used*

Mo d e f i n i t e  c o r r e l a t i o n  co u ld  be smde between th e  number o f  organism s 

which w ere fe d  in  th e  d i e t  and th e  number o f  organ ism s p re s e n t  in. th e  eeoa



m

o f  th e  chick© a t  4 week® o f age*

Both organism s, when th e y  n»r« added to g eth er  to  a d i e t  which eon- 

te in e d  f is h  meal and soybean o i l  meal , caused  no change in  th e  growth r a t e  

e i t h e r  in  th e  p re sen c e  o r  i n  th e  absence o f p e n ic i l l in *  However, s i g n i f i 

c a n t  re sp o n se s  isere obtained wtien th e organising and th e  a n t i b i o t i c  were  

in clu d ed  to g eth er  in  d i e t s  w hich © m t& ined o n ly  one o f  th e  c ru d e  s u p p le -  

sen te*

Tim a d m in is t r a t io n  o f  v ia b le  o rgan ism s to  c h ic k s  w hich  had a c c e s s  to  

t h e i r  d ro p p in g s  was in e f f e c t iv e  in  in c re a s in g  th o  ra t©  o f  p a in  o f th e  

b ird s #  However, when b i rd s  which were grown in  an  en v irea m n t which was 

u se d  o n ly  one©, IB mantiis p re v io u s ly  f o r  housing c h ic k s ,  and in  a  new 

b a t t e r y  b rooder*  th e  a d m in is tr a t io n  o f  th e  p e n le i l l  in -r e s  la te n t  m icro - 

organism s caused  an in c re a s e  in  th e  grow th r a te *

Tho d i e t a r y  a d m in is t r a t io n  o f &# e o l i  to  c h ic k s  to d  & -p u rif ied  d i e t

w hich con ta in ed  no  added .p an to th en ic  a c id  s ig n i f i c a n t l y  d e p re sse d  grow th 

in  th e  p re se n c e  o f  p e n ic i l l i n #  A lso , th e  organism s a lo n e , caused  a  de

c re a s e  In  th e  ra t®  o f growth when th e y  w ere added to  th e  d i e t  low in  

p antothen ic ac id #  On. th e  o th e r  hand , th e  o rg an ism  s tim u la te d  th e  grow th 

r a t e  o f ©hick® which w ere fe d  a  d i e t  to  w hich no  b io tin . was added . T h is  

s t im u la t io n  approached s ig n i f i c a n c e  a t  th e  5 p e r c e n t l e v e l • S im ila r ly ,  

the a d d i t io n  o f  the ly o p h i l i s e d  preparation  t o  a d i e t  which c o n ta in e d  no 

added r ib o f l a v in  in c re a se d  'the r a t e  o f  gain* The u su a l in c re a se d  growth 

r a t e ,  o v er th a t obtained, w ith  th e  o rgan ism  a lo n e , was a g a in  o bserved  when 

p e n ic i l l in  was added to  t h i s  d ie t*

The in t ro d u c t io n  o f  two s t r a i n s  o f  L* b ifid a®  d i r e c t l y  in to  th e  c ro p

o f  c h ic k s  d e c re a se d  th e  g row th  rat®  o f  tho  b ird s #  The s t r a i n  of th e  o r 

ganism  w hich m s  i s o la t e d  from  a tu rk e y  (V t S) d e p re sse d  th e  growth r a t e  

s l i g h t l y ,  w h ereas , th© s t r a i n  o f  c h ic k  o r ig in  (C S I) cau sed  a  r e t a r d a t io n



m

o f  grow th m i  eh approached  s ig n if ic a n c e *

l§imn ly o p h i l i s e d  p re p a ra t io n s  o f  th e  o rgaaiorss w ere em ployed, a r e 

ta r d a t io n  o f  grow th wa? observed  o n ly  when l a c to s e  was p r e s e n t  in  th e  d i e t  

a t  a le v e l  o f  10 p e r  c e n t .

The grow th o f  L . b i f i d a m was s t  in -c la ted  by v ia b le  c u l tu r e s  o f bo th

A* ac ro g cn cs &-d £ • c o l l  in  si t r o v A lgo, c e l l s  o f  E* c o l l  when t r e a t e d

w ith  a lc o h o l ,  or  auboelaved  a t  pH 4*0, e x e r te d  a  g t l a u l a to r y  e f f e c t  on th® 

grow th of L# b ifid a®  when th® tab® a ssa y  ©f S h o rt and Vbltr© (1958 , unpub- 

11shod d a ta )  was used*

Although ly o p h i l i s e d  p re p a ra t io n s  o f  n o n -v ia b le  c e l l s  o f  e i t h e r  

JU c o l l  o r A. ae ro g en es  had no e f f e c t  on c h ic k  g row th , b o th  organism s 

when t r e a t e d  w ith  TO' p e r  c e n t  e th y l  a lc o h o l in c re a s e d  th e  grow th r a t e  o f 

ch ick s*  Tliis phenomenon was more narked  in  th o se  © hicks w hich w ere fed  a  

d i e t  co n ta in in g  c e l l s  o f  A* acroecnca * p re v io u s ly  t r e a t e d  w ith  a lc o h o l and 

10 ppm ©f procaine p an ic  i l l  l a  G, than i t  m s  in  th e bird®  w hich  w ere fe d

th© 1* c o l l  p r e p a ra t io n  w ith  th e  a n t ib io t i c *
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Composition o f  Medium Fermented With A erobactsr aarogoneg 
Heed in  Bxparlssm t 2 t

B .C .F . #1*

P » *

Biopar C 1*0
la o te iie  0 .2 S
Sodium ftmaenium phosphate 0*16
f4©n©p©tas»ium phosphate 0*10
D is t i l l e d  S80  (pH ad justed  t o  7 .0 )  100 ml

*When used* la  experim ent 22t a t  a l e v e l  o f 0 .5  per c en t  
in  d ie t  R -l$ 4 f th i*  m ateria l had no e f f e c t  cm the grosrbh 
rat© o f  th e  b ird s to  4 -oeekg*
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