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SZZlPJES OW TH33 PAT SOLUBLE A COHTLW QF EGGS. 

If;, OM PERFGCTLRG A DIBT RITH PARTICULAR REFERENCE 

TO THg VITAMIN A CONTENT OF LACTOSE, CRISCO, AND 

In some early wok& in which we were usin@ a 
t 

Vitamin A d e f i c i e n t  d i e t ,  we experienced cons iberable  
, 
I 

difficulty which we a t t r i b u t e d  t o  v a r i a ~ i o n s  &/h the 
, i 

Vitamin A f a c t o r  in our basal d i e t .  The r e s u l t s  t h a t  

we obtained were r a t h e r  u n s a t i s f  ac tory  i n  the  f0,llow- 

ing r e spec t s :  

3.. No s p e c i f i c  ogthalmiw occurred. 

2. Cessation of growth was i n  a l l  cases obtained bu t  

l o s s  i n  weight followed i n  only a f e w  ins t ances ,  

3.  It was necessary t o  run the experiment f o r  a meh 

longer period of time than would have been nec- 

e s sa ry  w i t h  a more highly p u r i f i e d  d i e t .  

4. Death due t o  the deficiency was greatly delayed. 

Because of these objec t ions  we felt that t he re  was 

ample reason t o  bel ieve that Vitamin ,2 was presen t  

i n  amounts sur ' i ' icient t o  prevent the c l a s s i c a l  s i g n s  

of  a Vitamin A def ic iency and that i t  had gained ac- 

qess through some ingredient  o r  ingredients of' t he  

d i e t  which we had been fed  t o  be l ieve  was p r a e t i c a l -  

Py devoid of t h i s  f a c t o r ,  



Tkis diet, which we shall c a l l  D i e t  A,consbsts 

of Lhs following: Protein ( p u r i f i e d  casein) 18; 

CarbohyWates 51 (Laotose 15 and Rice starch 36) ; 

Csisco (fat) 20; salt 6 and a g e  agar 5.  Yeast and 

orange juice were added daily to the drinking wa te r  

in su f f i c i en t  quant i t ies  t o  insure an aaequate a- 

mount. of Vi tmins  B and C. In  no instance was the 

orange juice over 10 @,c. nor the yeast  over 3 W m s .  

To the above d i e t  was added varying mounts of the 

ether soluble  portion of egg yolk as a carrier of 

Vf tanin A. 

Pt w i l l  ba seen that the above d i e t  supplies 

all the factors thaz an adequate d i e t  demancls, Ex- 

mining the diet for the purpose of detecting the 

possibf63 presence of Witamin 8, we c m  l o o k  with 

suspicion on all the items except agar and salt. 

Coming as it does from m i l k  in which tnere is a 

marked amount of Vitwnfn 8 ,  casein %s at once BUS- 

pected of havirig carried down with it some of this 

Vitamin. In  fact Drummond (1) states specifically 

that commercial caseinogen contains r e l a ~ i v e f y  

large amoun'a;s of Vitamin A. For that; reason we 

carefully puriffed i t  by thr ice  dissolving i t  in 

alkal i  an& pre@ipir;ating wi th  asid, This proceed- 



are was Pollogad by an &LGO&OL m& &n tfiX1~r extrac%=- 

ion nf tea whPa&. crtsef n was snrbJ@ct@d $0 a w m  

air drying for severed houra. Even with th in  pro- 

oeeduse it is conc@fvabX@ %ha% %here w~ou28 t $ t i l S  ro- 
i 
I main m%nfsnaP mounts a$ Vf emin R e  

I 

11 

b 
E,acSos;e 2s ahao open t(;;, ~riticksm For R~Calltann 

&ad D&'tiaia ( 2 )  i n  oaae @ark %hey were can&ktcting w f  

wlequata mounts of Y f t ~ m i n  B when fs8 af a 20% l@v- 

el and Qaey strongly sxuspscte3c4, i t  also of' ~ontzining 

some VS taain A, as ws shaf 1 ba%er shag, diets  fa 

vhiab ss r%duce8 the lactosa t o  on@-th%r& i t s  or%gln- 

al ~ a o u n t ,  showxi a VitamSn A deficiency much sooner 

w d  f n  more mar~.ked dsgrse, 

? fn regard %a rjce starch, Drmond $Sf  staxes 

%ha% it i s  prwct i@&iy a c ~ a i d  o i  V i t a i n  A, 

Grinca a&$ %he an59 fat i?l&a@d t o  ths 4% e2;, aajkde 

PF@@ %he Pa% [egg yolk)  ta Bs tes"r;eB, C r f w o  i s  

comarain& prapwatkan of cstton seed 09% %hS~h ha4 

Bcen p s t i a 2 2 y  hydro@@natsd, Ths makers r ~ f e r  t o  P t  

F i r s t  becauso QQtton ~ e s d  ail Ts fa i sky  inrrt@tive in 



this r e s p e c t  and secondly because the process  of pre- 

paration would tend t o  destroy any Vitamin A present .  

Ress(4) used i t  i n  as Large quantities as 17% with no 

r e p o r t e d  difficulties. I n  D i e t  A, it was used in 20% 

q i l m t i t i e s ,  AS mentioned before ,  we were no t  satis- 

f i e d  oriith the r e s u l t s  and in looking aver the diet 

f i r s t  suspected C r i s ~ o  of  containing more Vitamin .& 

t h m  awe had at first bel ieved.  To test t h i s  ou t ,  we 

made up %he fo1Lowin.g $our-diets: 

Diet I Diet. 2 Die% 3 Die% 4 

Casef n 18 
Lactase 15 
Rice %t&reh 56 
 gar ~ a r  5 
Sa5 t 6 
Csisca 0 
Egg YaIk 0 
Orange Juiect q.s, 
Yeast y , s , 

The growth cTxves  far these ser ies  ws shown i n  @hart  

I, I I t  w911 be seen here that the  growth curves f u r  

C r i s c o  a t  a 20% level a r e  such betzer. than where t he  

growth s t i a u l a t  %as contained in only a tenth  of 

this mount,  This we have a t t r i bu t ed  t o  t he i r  being 

some Vitamin A present.  In  fweL Daniels and Laughlin 

(5) found by feeding cotton seed oil a t  a level  of 

28s they were able t o  ge t  adequate growth with repro- 

4. Eless. Jaur.Biol.Chem.Vol.47,1921,p.395. 
5. D a i e l s  and La;ughlin.J&ureBial~Che~DV~1,42, 

192O,p,36O0 



duction of young. They found, however, that at a 21% 

l eve l  these results w e r e  no% obtained. Bhffe at a 

20s level  we g o t  resul ts  indicative of a Vitamin A de- 

ficiency, we do not fee& that these r e s u l t s  are deci- 

sive enough to waraxkt deSin i  te statements concerning 

the  Vitamin A cantent of the f a t s  we were t e s t i n g .  

In o r a e r  t o  envest lgata the statement aade above 

concerning the presence o f  Vitamin A i n  lactose, %e 

Bade up a d i e t  as follows; 

Low Lactose D i e t  D i e t  A 

Casein 18 
s t a r ch  60 
Lae to se 5 
":risco 5 
A g a r  Agar 8 
SaL t 4 

The results a-e graphically skiown i n  Chart 11. It 

g i l l  be seen that the growth curves n o t  only attained 

a Pess height but t h a t  the decline i n  growth occurred 

ea r l i e r  an6 with greater" abruptness, St, would seem 

%herefare t h a t  o a r  e a r l i e r  r e s u l t s  with D i e t  A were 

f sgged t o  a great extent by the presence of Vitamin A 

c i n t a i n e d  i n  Criseo and i n  Lactose fed  a t  20% and 15% 

l eve ls  respect ively ,  

Osbarne and 'NitmdeL(6) showed that diets eontain- 

ing as high as 42.5 parts of yeast f a i l e d  t o  protect 

rats against a Vitamin R deficiency. Drummond and 



Gowarib('7) found that only -08% sf yeast aas ether sol- 

ubZe and that only one-half of t h i s  was true $ale T n  

a d i e t  containing 5% yeas% they considered they weire 

main ta in i~g  a fati de$icien@y. 

Tt has long been eonsidessd t h a t  orange j u i c e  is 

a rich source f o r  Vittwnin C, 'but it had not  been 

thought, u n t i l  r ecan t ly  , that i t  pravibed a p p r e o i a b l e  

q u m t f t i e s  of Yitatnins A m d  B c  9n 1916, Funk and 

HcGallu&(8) s ta ted  t h a t  orange juice had neither grow- 

th promoting nor grow%h sustaining graper  t i e s ,  Xn 

19Z0, mwona(9g s ta ted  that, orange ju ice  was aevoid 

In s p i t e  af  these assertions, various workers 

noted that ~kheneqer  orange juiae was included f n  

the i r  d i e t s ,  signs of V i k m i a  A defiaiency were not  

as pron0~.~1aeB, For fnstance, Wess (10) aaticed that 

keratitis dessloped wit& less frequency, Brumond 

(11) considered V i t w i n  C as a~gaentor  of LA@ action 

of YiLamrn and thus sought t o  explain She tiisapepan- 

~ i s s  arising from tneluding orange Juice i n  t h e  diet. 

PJe found ia our @ark %hat the only eye lesions obtain- 

ed wess limited to a slight redness of the l i d s .  In 

7. Drumond and GawardeLmcet,Oc-t,I,I92I,p,698. 
8, Funk and McBalLum,J~.ur . B i o I * C h ~ r n * V o 1 . 2 7  01916g 

p.51. 
9. Dru~ond,Biachenn.S0u~.B03.,'3.4,Z920~p~661 

3.0. kless.Jour.Bio~.Chern.V01~4T~1921~p.395. 
11. Dr"~ond,Biochea,Jour,VoL~13,1919,p.78, 



only one r a t  4 3  ab3- the a~lkim~ls w e  have run on Vit- 

amin A deficient d i e t s  have we succeeded i n  obtain- 

ing kerat,onalacia. This was unilateral and preceed- 

ed t h e  4eath af' the m-imal by only two days, 

?&endelf XS) ghawep,Ck tha t  orange juice had flitamia 3 

gs*esent, The l a t t e r  stated that it was present t o  

the saw? sxtent  as the same volune of fresh coss 

milk, In 3.921, Goagar(l4) repopted  that orange peel 

c o n t a i n ~ b  Y i t m i n  8 ,  These two findings threw con- 

siderable doubt an the vlttwirn osntent  o$ oranges, 

Because of our awn r e s u l t s  ~?rd the above indications 

we considers4 i t  advisable to not  o n l y  careful ly  gee1 
P 

t h e  oranges ( o r  femns)  but  to add the expsesseb j u i c e  

i n  mannts barely sz f f i c i en t  to supply the Vitamin C 

requiremend, D~cvey (15) sPsbwed that, the minimum was 

1.5 c , c ,  d a i l y .  To aaafd %he p o s s i b i l i t y  08 similar 

csaplicstf osad; %a lrespeot to 't7f tmin B, yeast  was &id-- 

sa in t h e  minimum mom% 0% .% grms as s t a t e 8  by 

Osborne and &endel{l6). Thes reduces So et minimum 

12, ByPkela and Danisls.mer,Jow.Pis. Child. 
Y61,29,192Q,p,349, 

E3. Qsborne and Mendel. Sour.Biol.Clhem,Vol,42, 
3920,g,465. 

14. Cooper .Proc. Soc . Exp . Bf oZ. md Mibed. V o l  .I&, 
192l,pm243, 

15, D8vey. Bioehem.Jour.Vol,Z5,P92iap.695. 
16. Qsbo5:pa.e and MendeP,Jou~lBi0~Ghers;.VpI.32~ 

1917,pm3Q9, 



any synesgf stic act ion ths v i t a i n s  may hwvs f o r  each 

other .  The was placed in water in such propor- 

tions that Z 0.c. of the  susgensiosr ves rg;quiv&lent to 

.2 grams of the dried yeast. 

Usborne and Mendel in the work a b o v ~  referred t o ,  

in geating that+ orange juice c o n t ~ ~ i n e d  as WCB 13i%arrtln 

A as similar mottn-Ls of $reah caws milk, adds& %bat I t  

took 310 e,c, of $.he juice "L iinsur@ a noraa2 raZe of 

grouvth and p r e ~ e n l  opthalrr~ict an6 t ha t  5 c.e,  merely 

graventecl the onset of eye syapto~ns.  Thay s ta ted  t h a t  

.I grm of butzer f a t  aacomplished the same r e s u l t s  as 

%he 1Q c.@, of Qr8,n~e Juice, Zn ~ s l n g  1.5 c.c. oF 

orange ju ice ,  we f e l t  t h a t  we s e r e  keeping % e l l  wi th in  

the  limits of aEy compliqaLSons arZsfng from its use 

( o r  the use of lemon tui .@e).  

D ~ ~ ~ a o n d ( X 7 )  showed t h a t  in a42 probability Qi %a- 

aln A &s a photosgnthetf  c produc t  &ssociaLsd w i t h  Lhs 

eoufd be assumed t h a t  o3i pla,nts showfng the presence 

of ehlorophyl  at some stage 02 t h e i r  grovth would have 

some ViLmfn A present, 

The evidenco of Cooper, the inference drawn fPom 

Drtxmixond% svork, and the conf l ic t ing r e s u l t s  obtained 

by a t l ~ e r s  as well as oven'se2ves %henever arange juice 



gas U S O ~  Xed u x  Lo $laxpeat strongly tha t  orange Juice; 

passassed Vitamin A, Fie themfare changed to lemon 

J u i c e  w i t h  practically no chpnge i n  aus resu2tae In 

the nemtime a ser ies  aP experiments were inst i$utab 

to detesmina the Vi t m i n  A oaEua o f  Zemon juice, These 

w i l l  be r e p a r t e d  l a t e r .  During the prepmation of a 

preceeding report, we received a communication from 

%enB~I(li3) s t a t i n g  that oraage ju ice  conlains YJi W i n  

A, @ ~ r  evidence ~13.2 n o t  only substantiate t h i s  b u t  

zldd fu r the r  3naovledge concerning c i t r u s  juices as car-- 

s i e r s  of Vitamin A. 

Hn svtmmarfzlng the  aSove ~ i t h  regmd %a any poss- 

ible psssence of V i k m i n  A in t h e  %tam@ of our d i e t ,  w 

%e can m&e the  fo22owing s ta tesen ts :  

I. Casein, tholzgh careftr22.y pizrif  f e d ,  probably  retains 

traces cf V i t m 2 n  A,  

2. Idactose con ta , ina  Vitcmjn bu t  3.t a 5% l ase1  wctul& 

not, serlo-iasly e f t  e @ t  t3e res.ta.l%s, 

3.  Rice stsrch I s  practfcal1y devhicl a9 fTitmin A. 

4. @ r i s o o  contains Vitcmin A but a t  a 57% l eve l  would 

not xs r ious ly  lapais the d i e t ,  

5. Yeast is p r a c t i @ ~ . l l y  devoid of Vitamin A, 

4, Orange j u i c e  ean ta ins  Vitamin A but an zddendu of 

1.5 c,ce per  r a t  per day %c~nl*d n a t  s s r i a ~ s l y  impair a, 

d i e t  Bn this resgect ,  The sa.iTie e m  probably  be said of 



lemon 3uice. 

FJthough a d i e t  may e ~ : ~ % o m  Lo the  above ZlmiLa- 

tione, it is s t i P 3  sub2ecS t o  the fafZowing criticisms; 

1. %hy ~ M c Z U ~ ~  lactose Fn n d i e t  when it is known t~ 

cantain Vitamin A.a~d another carbohydrate is ax- 

ready p r e m n l ?  

2, 'Rhy include CrfsccsCfat) in the a f e t  w h e ~  i.t; a l e o  

ps9presiznts Vf tamin. ,l;, an& f s not an IndFsge~sible i tea  

since fat, em be ~ y 5 L h s i z e d  by %ha organi~m? 

3 ,  TJhy i n c l ~ ~ d e  V i t a m i n .  C in kha d i e t  when a r a t ,  so 

O w  as we kaowKI, is no% pmtieufml$  sizscepZ%ble 

to scu.xvy3 

Re shal l  a t t e m p t  t o  mswes these ques t ions  in the 

f o l l c a i n g  manner, Eggs and milk are t h e  0~~3.y natural  

 foodstuff^ elaborated by nature f o r  the  sgec ia l  par- 

pose o f  nourishing t h e  young, Thc b e s t  a r t i f i c i a l  diet 

can be only  s close  % p ~ f o x f ~ a , t % o n  of these, Crossly, 

they  are sad@ up as f o l l o w s :  

P r o t e i n  Carbohydrate F a t  Salts 

Egg y o l k  16,7 Q. 33.3. 1, 
N19k 3,3 5. (Lactose) 4, .7 

It w i 9 L  %&US be s e m  %hat nature has perfected 

a diet f o r  %he young in @izf ch protein, carbohydrale 

(including 3&atoss)  fats m d  salts are  we12 repre- 

sented, Vitamins &re  in the milk according as the  

mother receives them i n  her  food.  The young rat, in 



c o n t r a . d i s t i n @ t i o n  to the yotzn~ b i r d ,  b@fc?se b i r th  da- 

r i v e s  very f i t t f e  nourlshmant f r o a  tile e&g, Any s to r -  

age rzf foods,~tac ln a$s i e  nseesnary f o r  tsir9s, is OW$- 

ated i n  She rat  By t t s  2lacentaL attschaant t o  the sat- 

ernal o r ~ t z n i s ~ .  g9ter Dfr th d;hs %n"ce%,aJ. milk ~ C S G Z I B ~ C ~ S  

t h e  ysuns u n t i l  tho$ are  able  t o  care f o r  thnmseJvea. 

ZacLcse i s  t h e r e f o r e  added t o  t h a  d i s t  Lo maBa i$ 

conform mops comg1@ls3y t o  the natural  d i e d ,  There are 

st?tXl a the r  re%conzs why f a t s  sho ,:ld be added, It i.s 

t r u e  t h a t  ~r;z~~no!rrd(l93: ahawed tha t  rats could  show prac- 

t i c a l f g  normal growth on an a r t i f l c l s l  d i e t  t ha t  %as 

e n t i r e l y  free o f  f a t s  b u t  ha a l s a  mentions that  thase 

same rats showed a mr~-e mwkod loxiwring 3f vitality 

than those  whcse G - j . $ t  containad f a t ,  Until. the ac t i on  

o f  f a t s  m d  lipoids I n  immunity reactians is a ~ c h  bet-  

ter understood, vs do not doem it wise t a  increase the 

ahi3,n:css for e x 2 e r l ~ e r ~ t ~ a l  errorr by .robcb2e deoseases 

fa v i t a l 5  ty ebove r s f u s ~ e d  tu, hnothaf reasok %kg 

Pats shaa ld  be included in t he  diet-and prabab3-y the 

rn3a-t pra@tl .caX reason--1s f o r  ?he azke of a n  a c c ~ r a t e  

ba2a.rce f o r  %he c o n t r o l  d i e t .  Raw e m  the ~ o n t s ~ l  

diet m d  t h e  % @ s t  d i e %  be deolared similar when one 

contains no fat and the o the r  contains the  f a t  which is 

being t e s t e d  as the carrier a0 VStmZnA ? For ewzaple, 



the con%ro3. diet has 66 Gx-iac;~ and %Re test d i e t  2s 

Csisco and 3% egg yo lk  in it, Both  have 5% fat--%he 

fo rms r  p rac t ica l ly  Vitaanin A f ree  and t h e  la t t s r  con- 

taining 2 % .  Mad the farmer had no Crfsco had the 

fa t te r  contained egg pol& onily, the t w o  ws~ouPB aot haye 

bsen fatba2mced.  ff ona could separate Vitamin A 

%raa the fa ts  without a l te r ing  its potency, it woul8 

be possible t o  % e a t  it fa dieSs cctaMnbng ao f a t s ,  

But ,  sa f.2 at least ,  Drumond is the only one who has 

repor ted  the  a b i l i t y  t o  do this, H i p  obJet=+,iano to EI, 

fat  f ree  d i e t  h w c  &2re&y been mentlu-ried. 

It has been assumed thee because rats did not  @as- 

i3y  manifest siz2;n.s of scurvy,  it %~as  ncubrrecessary to 

f ~ e l u d e  'Fli.t~.nin C i n  m a r t i f i c i a l  b i c t ,  EfcCollum, 

Sfm~on@s, Shipleg a,18 Bark(291 s t a t e 3  t h s t  r a t s  syn- 

t h e s i ze  Bi taz in  C. Ths fnferexca I s  thzt because of 

t h i ~  f w t  it IS c.Anecess8,ry t o  a.B~ such I t a z  $0 d 

a ie%,  Ozl, t h a  ~ t h e r  har?. Rards,y, an9 ZiX~&(BZ) chtrrr 

the% siats tI'7,rive be t te r  when %hey have ?be a n t i s ~ o r -  

p e r i ~ e n t a l .  cond t t i o n s  are o n l y  a t t a i n e d  3 k . m  Vitarain G 

is present as w e l l  as the other  factors .  

~l.Wolk;l;h rats may not; show mar-ked lesions of  seur- 

20. @@C~lium,Sinnsnds,ShiyIey an4 Park,Jo-w.BioL. 
Gh~~*tro1e47,f921,~a507. 

21, Mwden and Zi lva,  Biochern, Jour,Voi, l2# 19f8t 
p .4Q8. 

22. Drumon~.Bi0chern.Jour,Vol.f3,1~XY~p.77, 



Vyo it waul8 seem advisable, inasmuch as the bone hs- 

ions ai rteksts and of scurvy are easiliy canfused, t o  

Lncluda the a t i s e o r b u % i c  f a c t o r  i n  the d i e t  8nd thu$ 

rule out my p o s s i b i k i t ~  of object ions  from a theorets  

ica3 nature or m y  sppartunLty f o r  the fogging of re- 

s u l t  s f ran  some f actor at present neither thoroughly 

undsrstsod nor even suspected. 

The % b e e  abova obJcctbans @an therefor@ be met 

by the fallowing arguments i n  brf  ef: 

2 .  Ln feEi8fng young animals on an a r t i f i c i a l  d i e t ,  t ha t  

d i e %  should confara In s.41 rsa2scts EE nearby as gass- 

ibls %o t,le natr:ral. 5 i ~ ; t .  Lhst nabzre has alreaay fur- 

nished f o r  t h e i r  noT&9shmen%, The onlssion of any 

i t en  by t h o  p3t33. t h 3 . t  i t  is ~ ; ~ ~ , P I E ~ c ~ ~ s E I . ' P ^ ~  ~r t h a t  the 

O T ~ ~ ~ P Z  i~ akks t~ synthssixe i t ,  i s  zd8f~g, under 

tss;% caaditions, haafiicapr: r t n t  e x i s t m t  under s nor-- 

rrr,-,X ccm:,Ai%ion W ~ O E B  i-rl_fl.tzsr,ce on Lke s~ l tc~gse  of tha 

e x p ~ r i m e ~ . t  i e unknevn, 

2, These I s  evbdan t1.y SOT&. E*RI ct%onsh2? bctween. f a t s  

;&rid ira%!u?.it.;~. !23i.mn7 e de?riv&d c;f Tats or having 

%hair d i e t s  sn r s a t r ? c t o d  t h a t  not, only is fat s tor-  

a,-e Saprsssi b l e  hut  tho  SE? o r g c ~ ~ i  e subs  ta,nces general- 

ly gsese,i.i; i.n fats nrs a,bser(,&, ~r.ct3ert such a naked  

lovorlng o f  resistance Ln infect; ion> rz?td &isease 

processes, t h a t  n3 3 t h e r  c n n c l ~ i s l o n  ic possible.  A- 



In Diet C, it Z t l l  be abserved that &he pr inc ipa l  

ahmges &re an addition to the mount  of rice starch; 

a cut t ing of the lac tose  to one-third the a r i g i n a l  

aaomt; a similar reduction im the fat to one-fourth 

the  or iginal  amount; a slight increase in the roughage 

a d  a dscrease in t h e  salt.  other chmga is the Zim- 

$tation of yeast  Lo the minima2 amount and %be subst%- 

t u t ion  of lemon for orange j u i s e ,  In the pregara t lon 

of the juice, each lemon was careful ly  peeled and %he 

juice expressed f r o m  the pulp ant5 filtered, Fje felt 

t h a t  thess raintmal aaWmls, whi le  on tha  border line 

and f~unded. on %be basis of a, GieS di f fe ren t  from our s ,  

vould be sufficiently augmentad by VStmins  B and C in 

%he other Itens of the d2st %o o b ~ i a t c ;  any Bifficvlties 

arisilog from a p o s s i b l e  shortege of Lhena, 



aca 

The a r b i t r w y  tist;! 02 a 3inimm qumt91;y sf aay 

" F T ~ % W ~ X I  ~wrriem bp vaiaus experinrentr>rs working x f t h  

$if$erent die%$ is extremely objcactioe&le because ~f 

uraes;u~ldable vmf atsose  f n the &,;noun% af TL teain pses~nl ,  

an their bas&$ diets, This may be  due Lo fl) the klcds 
' J  

of f ~ o d  ugedp , (23 the a@.i;hcad ~ t f  theis: 3reparation; (33 
I 

vari;.a%Pons in+it"rle gercentagea used i n  the  d i e t ;  (4) 
r 

variations dui io the season i n  which the foods r e r e  

~ 5 v g n ;  ( 5 j  var ' i r t ions  irae t o  meti-iods of handliiig,ex- 
I 

posure $0 smli,L.,i; oLl-~ur fbc:,ors gu-;,ci-. sn the form Sn 

which %he suD~l%rce i s  wad,  

r ~ , -  iaxBt POT exir,apiul a discussion of the nbnimal a- 

aiz.2 be e x 2 r e ~ a e &  in i;;!;solucte quc i l~ t i t i ez  =Ir in terms of 

nssd .4 gn, sf tkr s x i r k c L  :-mi * 2  ~ 3 .  of dried 

$0 1 G , c .  02 t h e  ciecsr  f$S*Lr~,t,o of 3:::.3,o1,gxed yeast 

daily; 2ur&j26) use2 3% aa E, rnimni=,m. I% 5.3 thus  seen 

how diff$icuLt  it i s  t o  stt%t@ arSitrar%!.y as".,&% the  ain- 

i m m  requirexilent of a c e r t a i n  v i t m i r ,  is, kL the b ~ s t  



only %a tkAe&$et ahosen sand ti-iu teclxiicjuc usad. Z'~ni- 

forii2ii.y carinat be attainad in t h i s  respeat  unless the 

B.zsgra&ienSs of a di&;j t ,  their ;;irsparatian, a d  $heis pro- 

por t ions  w e  atmdwBizsd. 

There sLLli x-@mains %a be discussod under the 

j @ c l  of & l e t ,  ithe preparation of the egg gsUc. The 

yaLks of th@ eggs %%re c&r@fufly  sepa-atad iraa %Be 

' ~ ~ h i C o s  a13 -then I;Erctraugh%$ siskea up wi th  ether. Thsf; 

p o r t i o n  soluh2.e i n  @%her 22,s lhar, pourad o f f  taxd a v n p  

ora",ed, 1% YJZS eilri=,paratsd i n  t'a0 way$; 9~1 s-light, 

a:xi i n  ;L h ~ t i  vzter. batl-~. Two ee ts 9rS ex~erirnea~ts were 

ma "LD %#st o t i t  the e;f f l@t,cy g f  the V l  t i m i x i  SL eontaahn- 

~ ; . d  $2 th6 ~ m p j . ~ ~  thus  gze>wsdw iLb @l;x$ xgx 

sbq~;;s, Lire egg yskk ~~5,Jc: i : ted %o sur~ l igh t  d i d  a05 posa- 

ess as nur;in g r ~ ) ~ '  LE; ~ i i ~ i ~ L t 1 , t l . n ~  j g ~ p ; ) e r t i ~ ~  that pra- 

pI:lred in the  hi;"Li!tstei  LIB$^, T3..igj CGA 5% ex.;3baknad 

011 tELs basis of so;:,le ;&'o:"rr k;. tjmer.~ ~l; ia  fo<a& 7fit- 

m i n  3- dr ;sL~oy@d LJ arti&ai.,igri. This -$.arias %v$$,h the 

m i o ~ r r ~ %  of ~ i r f 3 ~ : @  BXLJ::.SQ~~, the Gurzt ion of  itha E ? x ~ ~ s ~ L " @  

e ~ d .  Lenperatitrls uE which exycrsura ocs.urz.* VJe, ac- 

cor&i,n.g3,u, ebb j a c l e d  our  .e'Lhsr s o l u t i o n  "t o e ~ a p o r a t i o ~  

w i t h  a mfnimlm sf surface expuaed f o r  GE short s Ltms 

as possible ML w te:qp@ra t u r e  ap;roxi;nwting 55 V C, 

iVf t h  t h i s  ;.rucae8i;?rt, 503 C, c, of eti-.;ler sok.s.tdlon w a s  



evaposatzd 2.z~ 20 mifiutes, Bopkins(2V) showed %hat 

bu t te r  fat heated Lo 120f for osz hour dnd sasated 

l o s t  very l i t t l e  of its Vitanin A potency as compared 

w i t h  smples t reated i n  t h i s  same manner but f o r  long- 

er per iods  o f  kina, 

The vitamin conlent of nk%B has been shown Ls Vary 

with the season ark4 w i Y &  the d i e t  fed the cow. The V i l -  

cont,en.t of f a t  E?s?~s iLs  f 2 %he body has been 

f c ~ ~ ~ ~ l c  t o  f h & , ~ @  583;16 ~&ri2?,i035  ad l n  .EIII?BLLIQI~ has 

been shoT;n L.ti vzd-1~~ ivj.CtA 4yhc t i s s ~ t ? j s  smmined, 1% ntfght 

i je ~ ~ ~ ~ ~ o e a d  thextefjre %hnt t h e  T i t an in  .l ccntent of 

aggs -3yuI.J LLna vary ~ i i t h .  t h e  seilsoE ar,3 p i t h  the d i e t  

of : U ~ G  hen; l i ~ y i n d  $>..yyi. ~ h . e  Iformnr we have congimed 

,IS ~ Y , ; - C J ~ : ?  ~ 2 r . v c i ;  jc Ch; : r t  ftTJ gho??. Ireere it is 

see:: f yegk  N ~ - ~ i e r k e r  ezgs df t l  n e t  ~ r o z o t e  as goad 

. 2 ,  fre:h 53;s .g??hera< i n  t h s  spring. Cam- 

.;uy;icekicn,- (2i3) ae > . y e  rscei vsd 1 ~ ~ d S c a t a  %haZ, vwia- 

A t ~ ~ . - l s  * $ 2 ~  "u ohel, *+.re ; . ~ l r s  ".,C:a, 

12 t?:e fscElnz e x p e r i x a ~ t s  ~&.ish s e  h%Te conducted 

?,,.. .4.- -,. 5' 
,,& ,+;, f i r .  2est  two gears ,  ue have observed t h a t  the 

rat5 sf grostkx of rate  i,s proporticnal Ptj )the mount 

sf ~it.&.a$2 A c o n t a i ~ e d  in L h s f r  d i a t s ;  t h a t  the Pi%,- 

aain x rac1uirene:~tx of  3, d i e t  c o ~ s t s n t l y  Iessan as 

$he ai~in;:l become: o l d e r  a?$ t h a t  y3ung anirntd-s, be- 

27. HapBins.Bioch~meS~t-2r,Vo1..I4,19~~p.725 
28. FrIyaLe ~Cm~r;;~nf cation. 



cause of the excess af Vitaxnfn A s tored  in the i r  tis- 

suas {vhich they acquired fraw their mother )  .we able 

t a  coast for a short tima, shswlng na sffscts of a 

daf icisnt diet, 

Chart  V iPZusLratss the amiations i a  the: ra te  of 

growth dependent upon the Vitamin A ciontent of %he 

f O Q ~ .  Chart VX c c n t a i n ~  constructed ~ u s v s s  f o32owin&: 

the curve. of expactaifion d$? gr0&1th and shoving t'ne re- 

lationslzip between age zbad V i  tarnen A raqtrirement. 

These charts i lk ta t ra te  g~aphicaliy w h y  it is t h ~ t  V i t -  

amin A is considered necessary to both growth m d  aaizll- 

teallance, A young m9rmaX n%taias grtsvitl-r by being able 

to ad8 new csPls to i t s  body tissues, If the elements 

required In  t h i s  ce31ular f oraation are not present,  

~slZ productfsn aeases. I f  a c e ~ t a i a  anoran% of the 

necessary elements are presant, as11 replacement w i l l  

ocour a d  an aa.P.ma3 will main$ain iLself at a cer ta in  

level .  E$ these elenaenks are hoking  o r  insufficidnt,  

@ell prpduction not only oiesses but c ~ l l  replacement 

canrrot occur ant3 the body regresses-losas rsight and 

the an9maX d i e s ,  A corol lary  of this I s  tha t  any tis- 

;sue whose fuactiani fs the constant pro8uction--over and 

above liaplte growth and maintenanas requirements-of 

c@lLuLar elements w i l l  be t h e  first t i ssue %a suffer 

fro= t h e  general deficiency, An eexmpze of such tissues 
b 

are the gonads and mamae. It is on such a basis that 



va h ~ v e  conducted a series of experimants on the e i f e ~ t s  

of Vitamin A defic5.emey on reproducticsn, This work 

w l l f  be reported f n  a subsequent paper ,  

Tn early fife netabolism i s  at P t s  height, Not 

only a r e  tissues baing aaintained. bat new c e l l u l a r  ele- 

ments ara being r a p i d l y  adaed which cons tmtfy  increasas 

the burdw of rpafn%alance, WltSaately the organfsn a%- 

%sins f ts gso%%&-Wss $n@sease $a @ePls stops-that  f i m -  

f t placed by Ratare ha& been reached and single ce l lu la r  

maintenanw %a now all t h a t  is requireti. Still l a t e r  

fn Pifs, Lha balane@ is upset and cell destruc$ian oc- 

GWS wQth greater rapf 4% a*$ "Ehan, c e l l  repLacement, 

Through this eaLire cycf e, it e m  be seen t h a t  tbe V i b  

amin A requirement is Zarge at first, dwindles; as m& 

U P L % ~  ~ ~ F Q & O ~ " , B S ,  llltaintrain~ a fsir eonstant  for a t h e  

and finally dwindles again aa the tmirnal. ages and diess 

Tha l i f e  cycle of a rst is comparitivsly short, 

The per iod of gesta%ion is t h r e e  weeks. A r a t  is 

weaned i n  three weeks. A t  three months of  age they 

can bear young. One or two months later  they have 

practically reachad adult weight, From this time sa 

they ramain f a i r J y  constant u n t i l  retrogressive 

changes s e t  in. It w i l l  therefore  be seen t h a t  any 

experiments on Vitamin A requirements miat  be con- 

daucted before  the animal reaches maturity--that f s, 



during t k ~  f i rs t  four o r  f iaa  months of i t s  life. 

The questf an nuwl arises, haw ea r ly  should an ex- 

periaaent be sttw"ced. &tost mor4rers s t w t  t h e i r  rats 

on feeding experinants wlhen the w$mals average a 

weight 0% 48 grms--laying more stress on their iait-  

i a l  weight than an %hair  age. Gen~ralLy speaking, 

this is good p r w t f s e  baeswrss of the $arSstloas i n  

vigor of m i m a l ~ .  Sam rats weigh 40 grams at 30 days ' 

&, 
<f age wh%le; oLhers may not  attain that weight until 

they a r e  58 days 014. It is salt evident tha l  the 

Latzer m s  poor @xpsrinental anfmaZs because af th@ 

gear growth s%imufus mwff@stcd. Qn the other hand, 

the farmer animals might give Sndications Jus t  the 

eon$rwy ,  These @aasidsrat%ons, though real, do not 

present practieal d i f f i cu l t f a s  for %he reason %hat 

most l&bralorg workers are raisiag select  stock an- 

imals whose v i t a l i t y  and vigor a r e  average m d  con- 

%ant.  

Eawever, it was %i th the idea of getting some 

acLua1 aata an %his  condif.%on %hat we rara a series of 

three sxperiaents as follows: Group A 44 days o ld;  

Woup B 35 days o l d  and Gsbug C 21 da2s old. 

Group A averaged 42 in wei~ht; Group £3, 32 a d  

Group C, 33. A 1 1  were p u b n  D i e t  B i n  which the 1 

lemon Juice was limited Lo 3& c.c .  per  d%y m d  the 



yeast to .6 grm. 6O &ass later3 B f e t  C was subst i -  

t u t e &  f o r  Die t  3, C B w t  VLJ: shbfli~s the reoul t lng 

growth curvas. 

As stated before, D i e t  C is our improve& Vitaanin 

a deficient d ie t .  Ts t h i s  was adaed 1.5 @,c ,  of fe- 
man j u i c s  and I c,c, of y e a s t  suspension, X% will 

be seen $hat Group A shoved aery l i t % l e  gaPn from 

I the o u t s e t  and that %heir deaths occurred mu@h ~ ~ 3 . 3 -  

I ss than those bP th@ o t h e r  groups, Group B showed 

some primary re  tardation but ,  $of loving $hat, %mi+ 

f e s t e d  f a i r l y  goo4 gror,sr"t; hfar a t daa  ztnd %hen docl%aed 

s a p i d l y  t o  the  poin t  of death, Group C s h o w 6  good ga 

gw%n fro@ %he beg%nning, ran their weights to nearly 

L@O grams then rap ia ly  decJBned Lo death, The 

r e s u l t s  can be tabulcted as 9 0 l l o w ~ :  

Gr~up-Age-PnitiaL Days for Greatest Days for Time 
weight- gain- weight- l o s s -  

For ~2earness of resu l t s ,  dscfsiveness and the lack 

a9 vitiating easrplfcatlsns, Croup C offers the most 

%deal conditions. The poor g r o ~ l h  rinlian;ifestc;d bg 

I Group C c m  probably be explained on th@ basis of the 

rwclicaL change in their d i e t ,  t h a t  is, from brssst 

n5lk to test d i e t  before their d iges t ive  system had 



become vsel2 enough sata.bl%shed  ill^ function "L;o handle 

thls shock wi thou t  d&trisnien$ ito "the animab!..tgeureral 

metabolic prdcesses. %Ye cone lud~  therefore tha t  

t e s t  animals aast not only be of average vigorous 

stack but that  Lhair i n i t i a l  ages shauxd closely 

~pgroxixiate! 44 days m d  %hair wofghts 42 grams. 

If m experim&nt is run within the lirnits we 

have specified above, it ~3.11 be seen t h a t  I t  ean-. 

no% las t  nuch aver a p e r i o a  of 120 days, It is 

b p e r a t i f v  thsrefore t h a t  n, basal, diet be o$ suffi- 

cksnL puriLy in regard t o  the factor 5esteB t o  pro- 

duce d a c i ~ i v e  results within  that time. T h i s  w@ ba- 

l i m e  we hasre ac~smplished in ~uf D i e t  C, 

Sumaiary. 

In eslablishing a defic ient  Vitamin W diet %hat 

w i l l  give d j e ~ i s i ' ~ ~ e  resul ts  within experimental time 

limits, we have shown that 

1. Lactose at a 15% r e v e l  and C r i s c o  a% a 20% l eve l  

eontain GQO m u ~ k  Vitamin A f a r  an ideal die t .  

2, In al l  probabif  i t g .  brmge Juice contains ViLmln A, 

3. The action of sunlight on food exposed to the air 

is destructive to its Vitamin A cantent. 

4. Winter eggs a r e  cq lower Vitamin A content  than 

s p r i n g  eggs. 

5. The optimc~ time for starting r a t s  on a teedZng 

experiment is when they are between the ages of 



35 a d  45 days an& weigh between 40 andl BQ grams, 

6 ,  Our Diet C will produce a Vitmin A dsficiency 

within experimental time limits at "the same 

time confarrn to all the requirements of aa ade- 

quate d i e t .  
















