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I. INTRODUCTION 

A pragmatic  view o f  conquest o f  space  i n  manned v e h i c l e s .  sugges ts  

t h e r e  a r e  two major components a s i d e  from any g iven  miss ion  and i t s  

s p e c i f i c  g o a l s .  E c o l o g i c a l l y ,  t h e  space  c r a f t  and t h e  a s t r o n a u t s  a r e  

t h e  "na ture" ,  o r  i n  another  s e n s e ,  t h e  hardware; wh i l e  t h e  food ,  water  

and oxygen ( a i r )  a r e  t h e  "nur ture"  ( t h e  so f tware )  of  t h e  system. Both 

have equal  importance. I n  t h e  success  of any mission r e l i a b i l i t y  has  

been t h e  keynote t o  t h e  hardware o f  t h e  U.S. manned space  progritlr.. 

A l l  p o s s i b l e  cont ingencies  and f a i l u r e s  have been examined and th.e 

space c r a f t  has many-fold f a c t o r s  o f  s a f e t y  b u i l t  i n t o  i t , i ~ h i l e  t h e  

a s t r o n a u t s  have y e a r s  of t r a i n i n g  and p r a c t i c e  i n  each a n t i c i p a t e d  

ope ra t ion .  Yet ,  n u r t u r e  has  v i r t u a l l y  no f a c t o r  of  s a f e t y  and may 

be  margina l ,  p a r t i c u l a r l y  when considered as an i n t e g r a l  component 

o f  man, food ( inc lud ing  water  and a i r )  and microbes. This  r e p o r t  

d e a l s  w i t h  food and provides  a  srnall  i npu t  t o  management f o r  a  syn- 

chronized  a b i l i t y  concept t o  make t h e  sof tware  ( n u r t u r e )  and t h e  

hardware ( s p a c e c r a f t  and man) meet comparable performace spec i f i - -  

c a t i o n s .  O u r  p rev ious  work (Bengson and Luckey, 1970) i n d i c a t e d  

t h a t  composite Apollo d i e t  was adequate  f o r  t h r e e  gene ra t ions  of 

c l a s s i c  mice i n  t h e  open l a b o r a t o r y .  However, under a  v a r i e t y  of 

s p e c i f i c  g n o t o b i o t i c  c o n d i t i o n s ,  t h i s  d i e t  was found t o  be n u t r i -  

t i o n a l l y  inadequate  ( ~ u c k e y ,  1970) .  Although t h e  concl-usion of t h i s  

r e p o r t  was t h a t  paper  a n a l y s i s  of t h e  d i e t s  were more exac t ing  than  

b i o l o g i c a l  e v a l u a t i o n ,  t h i s  same d i e t  f e d  t o  d ignotophor ic  mi.ce was 

inadequate  f o r  l i f e .  

The approach t o  t h e  p r e s e n t  s tudy i s  :.i continued c;ffice evalua-  

t i o n  of  Apollo d i e t s  p lus  exper imenta l  work on Inice t o  look  a t  

morphologic changes. Herein vas developed a new npproach f o r  t h e  

de te rmina t ion  of  t h e  exac t  n u t r i e n t  i n t a k e  of  ast , ronauts  dur ing  

space  f l i g h t s .  A major p a r t  o f  t h i s  s tudy  w i l l  be  concel-necl w i t h  

t h i s  l a t t e r  concept as an  import a n t  componen.t ol' f u t u r e  understa.ncling 

of t h e  needs and r e s u l t s  of space f l i g h t s .  N u t r i t i o n a l  s a f e t y  f a c t o r s  

a r e  a s  e s s e n t i a l  a s  a r e  mechanical s a f e t y  f a c t o r s .  An exac t  knowledge 

of t h e  n u t r i t i o n a l .  s t a t u s  of a s t r o n a u t s  dur ing  space f l - i g h t  cannol; be 

ob ta ined  u n t i l  a  good knowledge of t h e  in ta l ie  of s p e c i f i c  n u t r i e n t s  



i s  made avai lable .  The concept of dicta17 n u t r i t i o n a l  maxrkers u i l l  

allow an evaluat ion of' d a i l y  nu t r i en t  iiitake t o  be made on an  exact 

bas is .  F e a s i b i l i t y  s t ud i e s  POT t h i s  mul t ip le  approach t o  t he  ove ra l l  

n u t r i t i o n a l  s t a t u s  of the  ind iv idua l  a r e  underway. 

11. BACfGROuND 

A conbination of tlie l ack  of empl~asis and support f o r  n u t r i t i o n a l  

programs, t he  changing d i e t a r y  pa t t e rn s  f o r  inflj-@hi; feeding, t he  lack 

of exact  da t a  of food in takes ,  and t he  f a c t  t h a t  man's t o t a l  r eac t ion  

cannot be predie-bed from experimental condit ions o r  " t r i a l "  runs has 

made t h e  nurture of man i n  space one of the  most c r i t i c a l  compon.en-Ls 

of any proposed long manned space p ro jec t ,  Tlie p o s s i b i l i t y  of a. changed 

microflora increases  the  hazard of man i n  prolonged space f l i g h t .  This 

concept i s  seen i n  a comparison of the  two papers provided i n  a-ppendi-x A, 

The f i r s t ,  e n t i t l e d  "Apollo Diet  Evaluation: A Comparison of Biological  

and Analyt ica l  Met.hods Including B.ioisolation of Mice and Citmma-.radiation. 

of ~ i e t " ,  ind ica tes  t h a t  Apollo d i e t  5.s adequate f o r  mice i n  iso1a"cion. 

and Viat s t e r i l i z a t i o n  of t h i s  d i e t  shovs no adverse a f fec t .  Even here, 

mice i n  b io i so l a t i on  had increased morta1.it.y compared t o  cornparal~l-e nli ce 

fed i n  t h e  open laboratory.  Tliis paper has  been su%mitt,cd t o  t he  

Journa l  of  C l i n i c a l  Nut r i t ion  f o r  publicat ion.  The secolid paper 

e n t i t l e d ,  '1GnotobFol.06y is  E c o l o ~ j "  , shows a  va r i e t y  of adverse re  - 
ac t ions  when t he  same d i e t  i s  fed t o  mice ~ ~ h i c h  have a  limited. micro- 

f l o r a .  A poss ible  mnalfunction could be noted i n  every paramete:r st~!di.ed: 

( a )  t he  body %eight of mice was decreased, (b) t he  growth r a t e  of mice 

vas  decreased and s t ~ z i t e d  adu l t s  r esu l t ed  srhen certaj-n micro:flora were 

fed,  ( c )  ,the white blood couvit of some mice was decreased d.rastica.11-;r and. 

i n  o thers  it appeared t o  be increased compared t o  t he  con t ro l  when 

d i f f e r e n t  microflora were preselzt and (d) t k e  decj:eased hemoglobin no-i;ed 

with c e r t a i n  microflora such as E. c o l i  leads  t o  a drma , t i c  sug,ge:;t:ion 

that .  normal components of O'UX :i.ntestinal microf l o r a  may contr ibute  t.0 

i nc ip i en t  anemia. The anern-la. ?,ras so bad t h a t  i.t tJas judged t.o 'have 

contributed t o  t h e  decreased r,ur.vival of mice. Anatom:ica:L changes :;uc'ri 

as h a i r  l o s s  and chaligc i n  cecum weight were a l s o  noted. The most 

important param6Ler s tudied was szly.vival. Under c e r t a i n  cond:'~tio~ls ~ a i  tl.1 



r e l a t i v e l y  innocuous indigenous microflora ( i . e . ,  Escherichia c o l i ,  

Lactobacil lus leicllmanii o r  E_. c o l i  p lus  Canciida a lbicans)  it  was found 

t h a t  only 20% of t he  mice survived during a two month period co~~iparcd 

t o  80-10076 of d i f f e r en t  con t ro l  groups surviving. Such evidence 

suggest t h a t  more s-tudie's must be made on n u t r i t i o n a l  requirements of 

as t ronauts  under d i f  f e r cn t  conditioiis. This worli has a l s o  b e m p ~ e s ~ i l t  ed 

a t  t he  Xth In t e rna t i ona l  Corgress of Microbiology i n  August i n  Mexico 

City; the  abs t r ac t  e n t i t l e d  "Gnotobiologic Evaluation of Apollo ~ i e t "  

i s  given i n  Appendix A. 

The importance of t h i s  work i s  indicated i n  t h e  Introduct , ion above, 

t h i s  gives an  overvie?! of t.he concepts involved. More spec i f i c a l l y ,  

t h i s  study provides methodology f o r  a co r r e l a t i on  of b io log ica l  and 

chemical t e s t i n g  more exact  than  t h a t  ~ h i c h  has been done before,  This 

w i l l  provide evidence of the  need f o r  f u tu r e  as t ronauts  t o  apply good 

n u t r i t i o n a l  pr inciples .  This information w i l l  be u t i l i z e d  t o  devise 

s u i t a b l e  correct ive  measures f o r  malfunction of nurture systems. The 

most important s ing le  aspect  of the  work was the  concept of prc~viding 

spec i f i c  da t a  on the  d i e t a ry  intrdce f o r  each as t ronaut  f o r  any nu t r i en i  

speci f ied .  The f e a s i b i l i t y  s tud ies  of t h i s  concept a r e  being e;.ra~nincd, 

This use of nu$rient. ind ica to rs  t o  a l l ov  f e c a l  examination f o r  the  d e t ~ r -  

mination d spec i f i c  nu t r i en t  in take  a.nd/or balance has l ed  t o  a Isroader 

considera t ion of the  use of f e c a l  ind ices  of health and disease.  This 

i s  given as appendjx B. If a d a i l y  f e c a l  sample can be obtained fj:olc 

each as t ronaut ,  d i e t a ry  markers with spec i f i c  analyses v i l l  give much 

information t o  study hea l t h  and disease parameters i n  t h e  as t ronaut ,  

These f e c a l  indices  come f r o n  th ree  major vectors :  t h e  widigesl>ed focd, 

t.he hos t  contr ibut ion and t he  microbic contribution.  It i s  not easy 

t o  separate  these  th ree  vectors ;  the re fore ,  t he  use of nu t r i en t  i n -  

d i ca to r s  i s  reinforced;  f o r  examplc, it i s  estimated i;lit~t l i v e  b a c t e r i a l  

c e l l s  make up 1/3 of t h e  t o t a l  f e c a l  bull2 and t h a t  mate r ia l  which has 

been processed by approximately lo1'. b a c t e r i a  per gram malies u11 90 oi: 

more percent; of the  f e c a l  mass. This ill-ustsatees the  di f f icui - ty  of' 

drawing conclusion from f e c a l  analyses. Nevertheless, ways and. mean:: 

a r e  suggested f o r  evaluating hea l th  and disease  sbatus of the  ztstrona,ut 

througli f e c a l  indices ,  This general  concept w i l l  be brou&t Co f r u i t j o n  

during t he  course of t h i s  r epor t  when spec i f i c  nu t r i en t  indica1,ors a rc  

used t o  deterraine the  nu t r i en t  intalre of animals. 



111. STUDIES 

1. F ibe r  i n  t h e  Die t  

Since t h e  previoils s tudy  wi th  Apollo d i e t  had showed 

r a t h e r  dramatic  e f f e c t s  when f i b e r  was a v a i l a b l e  t o  t h e  animals 

(as bedding), a s p e c i f i c  experiment was r u n  t o  determine t h e  

occurrence of  t h e s e  e f f e c t s  when f i b e r  was added t o  t h e  d i e t  o f  

some mice and not  t o  o t h e r s .  The composition of  t h e  syntype 

d i e t  i s :  c a s e i n ,  20%; corn o i l ,  5%; s a l t  mix tu re ,  3.6%; v i tamin  

mix, 5%; c h o l i n e  c h l o r i d e ,  0 .2%; corn s t a r c h ,  60.2%; and f i b e r ,  

6 .0%. When f i b e r  was taken  from t h e  d i e t  t h e  corn s t a r c h  q u a n t i t y  

was 66.2%. I n  o t h e r  words, f i b e r  was s u b s t i t u t e d  f o r  corn s t a r c h  

i n  t h e  syntype d i e t .  A l l  o the r  d e t a i l s  were e s s e n t i a l l y  t h e  sane  

as t h o s e  r e p o r t e d  i n  t h e  pape r s ,  Appendix A. The most i n t e r e s t i n g  
J 

r e s u l t s  a r e  provided i n  Table 1. When mice r e c e i v i n g  f i b e r  a r e  

compared t o  t h o s e  r e c e i v i n g  none, f i b e r  had no e f f e c t  upon body 

weight a t  t h e  1% l e v e l  of s i g n i f i c a n c e .  It i s  noted t h a t  germ- 

f r e e  animals a r e  somewhat h e a v i e r  t h a n  c l a s s i c  animals f e d  t h e  

sane  d i e t  whether t h e  c l a s s i c  animals were i n s i d e  o r  o u t s i d e  t h e  

i s o l a t o r ;  t h i s  was most n o t i c e a b l e  when t h e  c l a s s i c  animals were 

i n s i d e  t h e  i s o l a t o r .  When t h e  body weight l e s s  t h e  f u l l  cecum was 

cons idered ,  no s t a t i s t i c a l  d i f f e r e n c e s  were found except between 

groups 7 and 8; h e r e  t h e  a c t u a l  d i f f e r e n c e  seems t o  b e  n e g l i g i b l e  

d e s p i t e  t h e  f a c t  t h a t  it w a s  s i g n i f i c a n t  a t  t h e  5% l e v e l .  I n  germ- 

f r e e  animals f e d  e i t h e r  t h e  Apollo d i e t  o r  t h e  syntype d i e t  t h e  

weight of  t h e  cecum f u l l  was g r e a t e r  i n  mice f e d  no f i b e r  t h a n  i n  

t h o s e  f e d  f i b e r  ; however, t h e  d i f f e r e n c e  between groups 3 and 4 vas  

no t  s i g n i f i c a n t  a t  t h e  1% l e v e l  a l though it was s i g n i f i c a n t  a t  t h e  

5% l e v e l .  There were no d i f f e r e n c e s  of s t a t i s t i c a l  s i g n i f i c a n c e  

between cecum weights  of any mice f e d  under c l a s s i c  cond i t i ons .  TEiis 

same p a t t e r n  was seen  when t h e  cecum was ca lcu la ted .  a s  a percent  of 

body we igh t ;  i n  t h i s  cons ide ra t ion  t h e  body weight was c o r r e c t e d  f o r  

t h e  cecum weight .  S ince  most of t h e  cecum weight is  c e c a l  c o n t e n t s ,  

t h e  c e c a l  con ten t s  showed t h e  same d i f f e r e n c e s  a s  d i d  t h e  cecum f u l l .  

F i n a l l y ,  t h e  weight o f  t h e  cecum w a l l  was s t a t i s t i c a l l y  g r e a t e r  i n  

germfree mice f e d  Apollo d i e t  wi thout  f i b e r  t han  i n  t h o s e  f e d  wit,h f i b e r  

a t  t h e  1% confidence l e v e l .  OLher t han  t h i s  t h e  only  d i f f e r e n c e  whi.cli 



was found was t h a t  a l l  germfree mice had a  s i g n i f i c a n t l y  h ighe r  

c e c w  w a l l  weight  t han  d i d  t h e  c l a s s i c  mice;  t h i s  was t r u e  a t  

t h e  1% confidence l e v e l .  A s i m i l a r  p a t t e r n  w a s  noted when t h e  

pe rcen t  of t h e  empty cecum compared w i t h  t h e  body weight minus 

t h e  c e c a l  c o n t e n t s ,  t h e  l e m l l t i m a t e  l i n e  on Table 1. A t  t h e  5% 

l e v e l  of s i g n i f i c a n c e  t h e  mice i n  groups 7 and 8 had more hemo- 

g lob in  t h a n  had germfree mice f e d  t h e  same syntype d i e t .  I n c i -  

d e n t a l l y ,  it should be  noted  t h a t  t h e  hemoglobin va lues  of  t h e  

germfree mice and t h e  c l a s s i c  mice i n  i s o l a t o r s  seem t o  b e  

lower than  t h a t  of c l a s s i c  mice o u t s i d e  t h e  i s o l a t o r .  P a r t i -  

c u l a r l y  f o r  groups 9  and 1 0 ,  t h i s  s t a t emen t  is  s t a t i s t i c a l l y  

v a l i d .  No s i g n i f i c a n t  d i f f e r e n c e s  were seen  when comparing any 

of  t h e  mice f e d  i 'iber t o  t h o s e  s t r i c t  c o n t r o l s  f e d  no f i b e r  i n  

t h e  fo l lowing  parameters :  1) i n t e s t i n a l  l e n g t h ;  2 )  i n t e s t i n a l  

l e n g t h  pe r  u n i t  body weight ;  3 )  i n t e s t i n a l  1-ength p e r  u n i t  body 

weight  c o r r e c t e d  f o r  t h e  cecum con ten t ;  4) hemoglobin content  of  

t h e  blood o r  5 )  body weight .  

2. Paper Evalua t ions  

Most r e p o r t s  i n d i c a t e  weight  l o s s  and p o s s i b l y  calcium. 

l o s s  a s  be ing  t h e  two rriajor problems i n  a s t r o n a u t  f l i g h t s  ( ~ e r r y  

and Smith,  1969) .  The dehydrated foods of  e a r l y  Apollo food 

systems r e q u i r e d  one hour o r  more t o  p repa re  each meal. On t h i s  

b a s i s  one reason  f o r  t h e  weight l o s s  could b e  a  low ca lo ry  i n t a k e  

due t o  exces s ive  t ime f o r  meal p r e p a r a t i o n .  The re fo re ,  t h e  s tudy  

on food p r e p a r a t i o n  t ime was made ( ~ p p e n d i x  C-1) t o  determine 

whether an a s t roche f  would b e  an a s s e t  f o r  any f l i g h t s .  Note i n  

Table 1 of t h i s  r e p o r t  t h a t  t h e  t o t a l  meal p repa ra t ion  p lus  e a t i n g  

t ime f o r  e a r l y  Apoll-o f l i g h t s  would be  approximately 6 hours  pe r  

day ,  f o r  seven days pe r  week. On an 8 hour  work week, it would 

b e  imposs ib le  t o  do t h e  work r equ i r ed  and t o  spend t h r e e  hours  eacli 

day i n  food p r e p a r a t i o n .  The re fo re ,  it was assumed t h a t  t h e  a s t r o -  

nau t s  would be  working e i t h e r  a  60 hour o r  an 84 hour week. Calcu- 

l a t i o n s  were made f o r  bo th  of t h e s e .  A s  shown i n  t h e  f i g u r e s ,  an 

a s t roche f  would provide  a n e t  work e fy i c i ency  on a  40 hour week i f  

on ly  two persons were i n  a  f l i g h t  team. He would probably provide  

more work i f  two persons were working a 60 hour week because he  



would probably do more than  simply be  a  che f .  An a s t roche f  would 

probably provide  more work wi th  a  3-man crew on an 84 hour work 

week. However, i f  t h e  e f f i c i e n c y  of food p repa ra t ion  changed from 

3 hours  p e r  day t o  2 hour s ,  t hen  t h e  a s t roche f  would b e  equ iva l en t  

t o  t h e  f i f t h  a s t r o n a u t  a s  f a r  as work e f f i c i e n c y  i s  concerned. Tf 

a h igh  e f f i c i e n c y  of one hour p e r  day f o r  t h r e e  meals p lus  snacks 

could b e  ob ta ined ,  t hen  a  chef would not  be  e f f i c i e n t  u n t i l  a 10- 

man crew were assembled. F igures  5 and 6 provide  a  d i f f e r e n t  way 

o f  looking  a t  t h e  same p a t t e r n s  and i l l u s t r a t e  t h e  work weight  

equ iva l en t  on a p e r  man b a s i s  when an a s t roche f  i s  added. It was 

concluded t h a t  an a s t roche f  would be  a  sav ings  o f  weight f o r  any 

f l i g h t  wi th  a  crew of  more t h a n  f o u r  i f  t h e  t o t a l  days food prep,&- 

r a t i o n  took  only  two hours .  I f  t h r e e  hours  were involved t h e n  a 

chef on board would provide  more work when t h e  t o t a l  crew, i nc lud ing  

t h e  c h e f ,  were t h r e e  persons .  This  i l l u s t r a t e s  another  advantage of 

r e c e n t  changes t o  TV t y p e  and wet pack foods .  A work e f f i c i e n c y  

s tudy  w i t h  t h e s e  new d i e t  p a t t e r n s  has  not  been made; t h e  s tudy  given 

i n  Appendix C - 1  shows how such a  problem could b e  approached. 

I n  another  s tudy  it appeared t h a t  potassium, i r o n  and calcium 

might become a l i m i t i n g  f a c t o r  i n  a s t r o n a u t  e f f i c i e n c y  dur ing  pro- 

longed space  f l i g h t s .  Therefore ,  a s tudy  of  potassium, i r o n  and 

calcium i n  Apollo d i e t s  was made ( s e e  Appendix C-2).  One assumption 

made i n  t h i s  s tudy  i s  t h a t  t h e  food i n t a k e  i s  a c c u r a t e l y  known. This 

i s  a problem which has not  been r e s o l v e d  because it appears t h a t  011 

some f l i g h t s  some a s t r o n a u t s  r e p o r t  t h e i r  food i n t a k e  very  con- 

s c i e n t i o u s l y  wh i l e  on o t h e r  f l i g h t s  t h e  food i n t a k e  i s  no t  ver i - l ' i ab le .  

Using t h i s  d a t a  a s  t h e  b e s t  a v a i l a b l e ,  it became obvious from t h i s  

r e p o r t  t h a t  t h e  low potassium, h igh  sodium d i e t s  could cause a 1,oxj c i - l y  

from excess  sodium. The l o s s  of  potassium may r e p r e s e n t  t i s s u e  damage 

o r  it could cause t i s s u e  damage i f  it were cont inued very  long .  The 

i r o n  imbalance could l e a d  t o  s e v e r e  anemia on f l i g h t s  of more than  two 

months. S u r p r i s i n g l y ,  t h e  in tended  d i e t  was 1 ow i n  calcium and had a  

low c:iLcium-phosphorus r a t i o .  This  combined w i t h  t h e  1017 calcium 

i n t a k e  sugges ted  t h a t  t h e  d i e t  a s  designed and a s  taken was very  poor 

f o r  main ta in ing  calcium ba lance .  It should a l s o  be  remembered t h a t  

potassium and sodium as  w e l l  a s  calcium and phosphorus are important 



i n  neuromuscular j unc t ion  r e a c t i o n s ;  t h e r e f o r e ,  it would be a n t i c i p a t e d  

t h a t  t h e  low calcium might i n c r e a s e  t h e  neuromuscular i r r i t a b i l i t y  and 

t h e  i r r j t a b l e  response t o  sudden s t i m u l i  by s u b j e c t s  f e d  t h i s  d i e t .  

Calcium i s  important  i n  muscle c o n t ~ a c t i o n  as w e l l  a s  nerve s t i m u l a t i o n  

and i n  bone composition. This  p a r t i c u l a r  s tudy  sugges ts  t h a t  it i s  

important  t o  determine much more a c c u r a t e l y  t h e  n u t r i e n t  i n t a k e  of each 

a s t ronau t  and t h a t  t h e i r  d i e t s  b e  f o r t i f i e d  and monitored f o r  r e l i a b i l i t y  

under cond i t i ons  o t h e r  t h a n  i d e a l  be fo re  prolonged space  f l i g h t s  a r e  

undertaken.  

A l l  a v a i l a b l e  d a t a  on t h e  n u t r i e n t  i n t a k e s  o f  a s t r o n a u t s  i n  r l i g h t  

w a s  u t i l i z e d  t o  form an opinion r ega rd ing  which were s a t i s f a c t o r y  and 

which were n o t .  Using c r i t e r i a  d i scussed  above and i n  t h e  repor t  e n t j t l e d  

 p pol lo Die t  Ebaluat ion" ( A a e n d i x  C-3),  e igh teen  a s t r o n a u t s  were given a 

n u t r i t i o n a l  r a t i n g .  Data from f l i g h t  No. 1 2  and l a t e r  f l i g h t s  were no t  

a v a i l a b l e ;  t h e  b e s t  f l i g h t  appeared t o  b e  No. 11 and t h e  wors t  No. 8 ,  

from a n u t r i t i o n a l  viewpoint .  

3. Nu t r i en t  Markers 

The problems of n u t r i e n t  imbalance, g e t t i n g  maximum u t i l - i z a t i o n  

o f  food f o r  a s t r o n a u t s  and l o g i s t i c s  t o  determine how much food i s  needed 

f o r  any given Cligllt  makes it impera t ive  t o  determine n u t r i e n t  r e q u i r e -  

rnents and t h e  exac t  food i n t a k e  i n  a s t r o n a u t s .  I n d i v i d u a l  r e p o r t i n g ,  t h e  

counting of food packages and t h e  t o t a l  food ba l ance  of a space  s h i p  do 

no t  provide  undisputab le  evidence of  t h e  food and n u t r i e n t  i n t a k e  of any 

given a s t r o n a ~ i t .  The re fo re ,  a method of  n u t r i e n t  i n d i c a t o r s  was suggested 

and was accepted  i n  p r i n c i p l e .  F e a s i b i l i t y  t e s t s  a r e  be ing  run .  The 

concept and an o u t l i n e  of  t h e  p re l imina ry  work and exper imenta l  background 

f o r  s a f e t y  and haqan use  was p re sen ted  on February,  1971 ( s e e  Nu-Lrient 

I n d i c a t o r s  i n  Appendix D-1). When it was determined t o  under take  expe r i -  

mental  work i n  t h i s  a r e a ,  t h e  Nu t r i en t  I n d i c a t o r  F e a s i b i l i t y  P ro toco l  

(Appendix D-2) was submi t ted .  This  has  formed a guide f o r  exper iments l  

irork . 
T'ne pre l iminary  work was aimed a t  use  of  heavy meta ls  which could  b e  

analyzed by a c t i v a t i o n  a n a l y s i s .  It was thought  t h a t  a sing1.e a n a l y t i c a l  

procedure f o r  m u l t i p l e  elements would g ive  t h e  most e f f i c i e n t  and l e a s t  

expensive method f o r  t h e  o v e r a l l  work. Although t h i s  concept has  no t  been 

t e s t e d  thoroughly ,  we a r e  p r e s e n t l y  s ea rch ing  f o r  accep tab le  markers trhich 



may be analyzed by any reasonable  method. 

Seven sepa ra te  experiments wi th  r a t s  have been completed; t h e  

a n a l y t i c a l  d a t a  i s  no t  y e t  a v a i l a b l e .  1) The f i r s t  i s  t h e  use  of 

a f e c a l  marker. B r i l l i a n t  b lue  dye was f e d  t o  two r a t s  by p lac ing  

0.5% of  t h e  dye i n  t h e  dr inking water ,  ad l i b i t u m ,  f o r  f i v e  weeks ; 

t h i s  i s  approximately 10 t imes more t h a n  would normally be  used f o r  

one day. A t  t h e  end of f i v e  weeks t h e  r a t s  were s a c r i f i c e d .  The 

dye was not  apprec iably  absorbed as  judged from t h e  l a c k  of co lo r  

i n  f a t  depos i t s  and from t h e  n a t u r a l  co lo r  of t h e  i n t e r n a l  organs ,  

muscle, blood and u r i n e .  Digesta i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  was 

deeply marked wi th  t h e  b l u e  dye and t h e  l i n i n g  of  t h e  mouth, t h e  

c a r d i a  stomach and t h e  ileum seemed t o  have adsorbed some dye. 

Since t h i s  could be washed ou t  by two minutes of running water over 

t h e  t i s s u e ,  it d i d  not  seem t o  be  absorbed i n t o  t h e  c e l l s  l i n i n g  

t h e  t r a c t .  This simple experiment sugges ts  t h a t  b r i l l i a n t  b l u e  dye 

would be  one of  t h e  b e s t  co lored  markers t o  begin  o r  t o  end an  

experiment. 

Cerium was developed a s  t h e  c o l l e c t i o n  marker. We had con- 

s i d e r a b l e  d i f f i c u l t y  g e t t i n g  t h i s  m a t e r i a l  i n t o  s o l u t i o n  and i n  

o rde r  t o  have good d a t a  a method was devised by which a known amount 

of  t h e  c o l l e c t i o n  marker could be  given each day t o  r a t s .  This 

method i s  t o  feed t h e  r a t s  l i b i t u m  twice a day f o r  two hours . 
They were f e d  from 9 t o  11 i n  t h e  morning and a t  n i g h t .  However, 

b e f o r e  t h e y  were given any food,  they  were given a smal l  p e l l e t  

conta in ing  a known q u a n t i t y  of  t h e  c o l l e c t i o n  marker. This  p e l l e t  

must be  ea ten  be fo re  t h e  animal r ece ived  any o t h e r  food; a f t e r  e a t i n g  

t h i s ,  t h e  food was provided. The r a t s  l ea rned  t o  e a t  t h i s  pe l le - t  f a s t  

a f t e r  one feeding.  A v a r i e t y  of n u t r i e n t  markers can be  used.  Each 

i s  p laced  i n t o  t h e  d i e t  i n  propor t ion  t o  a given n u t r i e n t  which one 

d e s i r e s  t o  fo l low o r  t o  make a ba lance  s tudy.  2 )  The second experi-  

ment involved t h e  determinat ion of t h e  recovery of one dose (25~) of 

known quan t i ty  of each element.  A l l  f eces  were c o l l e c t e d  f o r  s i x  days 

fol lowing i n g e s t i o n  of t h i s  m a t e r i a l  and t h e  samples submit ted t o  

a c t i v a t i o n  a n a l y s i s .  3) The t h i r d  experiment was t o  determine t h e  

s t a b i l i z a t i o n  poin t  of t h e  exc re t ion  of markers given twice  d a i l y  i n  

t h e  food ( s e e  t h e  Balance Study lilodel f i g u r e  a t  t h e  end of Appendix D-2) .  



This experiment a l s o  was run s i x  days ( i t  was a n t i c i p a t e d  t h a t  equil ibrium 

would be reached a t  3-4 days) .  The 'samples a r e  being analyzed. The d a t a  

obtained w i l l  g ive  t h e  s lope  of t h e  curve i n d i c a t i n g  t h e  amount of marKer 

excreted and t h e  break i n  t h a t  curve t o  i n d i c a t e  when t h e  excre t ion  p a t t e r n  

could be  considered t o  be  s t a b l e .  4 )  The f o u r t h  experiment was a simple 

balance study during t h e  c o l l e c t i o n  per iod  of 6 days. 5 )  Incorporated i n t o  

t h i s  s tudy was t h e  f i f t h  s tudy which was t o  t e s t  t h r e e  d i e t s  wi th  val-iable 

compositions. I n  experiment f i v e ,  a c l a s s i c  balance study wi th  complete 

c o l l e c t i o n s  were made and d a t a  from t h e s e  w i l l  be  compared wi th  r e s u l t s  

from t h e  marker s tudy.  This should g ive  an index of t h e  r e l i a b i l i t y  of 

t h e  n u t r i e n t  i n d i c a t o r  concept. 6 )  The s i x t h  experiment was a modif ica t ion  

of  t h e  f o u r t h  experiment; however, i n s t e a d  of  having a six-day c o l l e c t i o n  

per iod ,  a one-day c o l l e c t i o n  period was made on s i x  ind iv idua l  animals. We 

w i l l  determine whether o r  not a one-day c o l l e c t i o n  per iod  wi th  s i x  animals 

w i l l  g ive  r e l i a b l e  da ta .  This d a t a  w i l l  be  compared with those  obtained 

on t h e  s i x  days immediately preceeding. I f  one day w i l l  g ive  adequa5e r e s u l t s ,  

it w i l l  g r e a t l y  s impl i fy  experimental work with t h i s  method. 7 )  The seventh I 

experiment was a determination of  d iu rna l  v a r i a t i o n  during a three-day per iod .  

This experiment should h e l p  t o  determine a t  what time of day co l l ec t ions  

should be made and f o r  how long a per iod  would any c o l l e c t i o n  be repi-esenta,tive 

of t h e  t o t a l  day. A l l  of t h e  animal work f o r  t h e  seven experiments i s  com- 
b 

p l e t e d ;  however, t h e  a n a l y t i c a l  d a t a  has not  been obta ined.  Tnerefore , t h e s e  

seven experiments w i l l  be r epor ted  a t  a l a t e r  da te  i n  composite r e p o r t .  The 

summary of t h e  two n u t r i e n t  i n d i c a t o r  conferences he ld  on t h i s  campus a r e  

given i n  Appendix D-3. This w i l l  i i l u s t r a t e  t h e  f i n e  co l l abora t ion  which we 

a r e  g e t t i n g  from t h e  Universi ty of Missouri Nuclear Reactor F a c i l i t y  wi th  

D r s  . J i m  Vogt and Mike Kay. 

A l i s t  of suggested n u t r i e n t s  t o  be marked and t h e  markers whi.cli might 

be  t r i e d  i s  given i n  Table 2. It should be  noted t h a t  a n a l y t i c a l  metl~odology 

has been ignored and only about 113 of t h e s e  have been u t i l i z e d  i n  s t u d i e s  

thus  f a r .  A complete l i t e r a t u r e  search  wi th  information on t o x i c i t y ,  absorb- 

a b i l i t y ,  ease  of ana lys i s  and u t i l i z a t i o n  of individual.  markers i s  needed. 

4 .  L i t e r a t u r e  Review of Markers i n -  Nutr i t ion  

A thorough review of markers i n  n u t r i t i o n  was made and i s  submitted 

a s  An Evaluat ion of Nut r i t iona l  Markers ( ~ p p e n d i x  E). It i s  comprehensive i n  

t h a t  a l l  a r t i c l e s  on t h e  sub jec t  have been evaluated;  many app l i ca t ion  a r t i c l e s  



have no t  been inco rpora t ed  i n t o  t h i s  review.  The review provides  

informat ion  on a l l  compounds which have been used as f e c a l  markers 

i n  n u t r i t i o n  and all papers  o f  importance from a t h e o r e t i c a l  o r  

methodology viewpoint a r e  cons idered .  This  review g ives  an eva lua t ion  

of  methods, markers and procedures  t o  t h e  e x t e n t  t h a t  it i s  p o s s i b l e .  

This  review has been accepted  f o r  p u b l i c a t i o n  by N u t r i t i o n  Abstrrzcts 

and Reviews. It w i l l  probably appear i n  two p a r t s .  P a r t  1 i n  t: ie - 
January 1972 i s s u e  and P a r t  2 i n  t h e  A p r i l  i s s u e .  It i s  appendel3 a s  

Volume 2 o f  t h i s  r e p o r t .  

The review i n d i c a t e s  t h a t  few markers have been shown t o  be  

q u a n t i t a t i v e l y  a c c u r a t e  and few have been thoroughly examined. 'This 

adds cons ide rab le  s i g n i f i c a n c e  t o  our  f e a s i b i l i t y  s t u d i e s  as provid ing  

a t h e o r e t i c a l  base  and a p r a c t i c a l  system f o r  f u t u r e  work i n  t h i s  a r e a .  

I V  . RECOMMENDATIONS 

Ast ronauts  on s h o r t  term f l i g h t s  u s u a l l y  showed a l o s s  o f  weight 

and occas iona l  dehydra t ion .  The p o s s i b i l i t y  of a low c a l o r y ,  l o w  

calcium, Low potassium and low i r o n  d i e t  has made n u t r i t i o n  a major 

cons ide ra t ion  f o r  l onge r  space f l i g h t s .  Although many n u t r i t i o n a l  

d i f f i c u l t i e s  could b e  proposed on prolonged space f l i g h t s  ( f o r  example, 

microbic  shock)  it i s  d i f f i c u l t  t o  a s s e s s  exac t  n u t r i t i o n a l  problems 

because food i n t a k e  r eco rds  a r e  t o t a l l y  inadequate  f o r  any a c c u r a t e  

e s t ima t ion .  Therefore ,  a method has  been proposed which w i l l  a l low t h e  

i n t a k e  of  t h e  t o t a l  amount of  food o r  any given n u t r i e n t  t o  b e  monitored 

a c c u r a t e l y .  The method i s  s imple ,  i n  p r i n c i p l e ,  t h e  n u t r i e n t  o r  t h e  

t o t a l  amount of food simply c a r r i e s  an i n d i c a t o r  which i s  no t  absorbed 
1 

and meets o t h e r  c r i t e r i a  f o r  n u t r i t i o n a l  markers .  A c o l l e c t i o n  marker 

must be  i n g e s t e d  tw ice  each day and t h e  f e c e s  should b e  preserved  from 

each day f o r  each a s t r o n a u t .  Analysis  of  t h e  f e c e s  f o r  t h e  c o l l e c t i o n  

marker w i l l  t e l l  what p ropor t ion  of t h e  food and f e c e s  i s  r ep resen ted  

from t h e  c o l l e c t i o n  of  each day and how much o f  each n u t r i e n t u n d e r  

cons idera t ion .  was t aken  i n  accordance t o  each n u t r i e n t  i n d i c a t o r .  R 

% r i e t y  of  1 5  n u t r i e n t  i n d i c a t o r s  would b e  made a v a i l a b l e  i n  ppn 

q u a n t i t i e s  i n  t h e  d i e t .  P r e s e n t l y ,  one (1/10 t o  1 0 )  ppm o f  t h e s e  

i n d i c a t o r s  can be  analyzed.  It i s  a n t i c i p a t e d  t h a t  t h i s  q u a n t i t y  might 

decrease  by 1 t o  3 l o g s  a s  t h e  s t a t e  o f  t h e  art improves. 



F e a s i b i l i t y  t e s t s  wi th  r a t s  a r e  p r e s e n t l y  under way and a  

complete l i t e r a t u r e  s ea rch  has  been f i n i s h e d  as a p a r t  of Vol. I1 

of t h i s  r e p o r t .  The c h a r a c t e r i s t i c s  o f  a v a r i e t y  of  markers have 

been examined. The background d a t a  f o r  s p e c i f i c  markers was ob ta ined .  

The marking of  food has y e t  t o  b e  des igna ted .  There should  b e  exper i -  

ments w i th  t o x i c i t y  w i t h  mice a s  i n d i c a t e d  on page 4' o f  t h e  measurement 

o f  n u t r i e n t  i n t a k e  g iven  i n  Appendix F1. Fur the r  work needs t o  be  done 

as noted on page 4 with  monkey f e a s i b i l i t y  and w i t h  human f e a s i b i l i t y  

as noted  on page 6. I f  t h e s e  b a s i c  experiments a r e  completed s a t i s -  

f a c t o r i l y ,  t h e n  it w i l l  b e  judged t h a t  t h e  method i s  a p p l i c a b l e  f o r  

u s e  by man i n  space.  For t h e  informat ion  sugges ted ,  a  complete 

n u t r i t i o n a l  understanding 6f t h e  a s t r o n a u t s  could b e  obta ined .  This  

in format ion  would b e  v e r y  u s e f u l  f o r  i n d i v i d u a l  a s t r o n a u t s  who may b e  

i n  t r o u b l e  o r  who a r e  a n t i c i p a t i n g  problems on prolonged space  f l i g h t s ,  

and f o r  t h e  l o g i s t i c s  of  l onge r  space  f l i g h t s .  This  would stem from a 

more exac t  knowledge of  t h e  amount of c a l o r i e s  needed, and n u t r i e n t s  

( i . e .  , p r o t e i n )  needed, t h e  e f f i c i e n c y  o f  t h e  u t i l i z a t i o n  of  c a l o r i e s  

and o t h e r  n u t r i e n t s ,  and t h e  waste  v s .  s t o r a g e  c a p a c i t y  needed f o r  t h e  

c r a f t .  Although 1 5  n u t r i e n t  i n d i c a t o r s  have been suggested mo1.e c r  

fewer could be  u t i l Z z e d .  An i n d i v i d u a l  marker .could b e  incorpora ted  

i n t o  t h e  sample t o  s i m p l i f y  human r eco rd ing .  

The s p e c i f i c  n u t r i t i o n a l  problems o f  an a s t r o n a u t  dur ing  two 2 
one month space f l i g h t s  i s  o u t l i n e d  as Appendix F-2. I n  r e t r o s p e c t  

it i s  no ted  t h a t  t h e  1964 Tampa Meeting of t h e  Conference on N u t r i t i o n  

i n  Space and Rekited Waste Problems h e l d  a t  Tampa considered t h e  n u t r i -  

t i v e  requirements  of  t h e  l u n a r  space  f l i g h t s  of one t o  two weeks 

d u r a t i o n .  The g e n e r a l  conclus ion  was t h a t  t h e  n u t r i t i v e  i n t a k e  o f  t h e  

a s t r o n a u t s  could  v a r y  cons iderably  and w a s  not  p a r t i c u l a r l y  o f  importence 

on such a  s h o r t  term f l i g h t .  Now t h a t  we a r e  on t h e  t h r e s h o l d  of f l i g h t s  

of one t o  t h r e e  months, it i s  impera t ive  t h a t  another  conference of  

n u t r i t i o n a l l y  recognized e x p e r t s  b e  h e l d  t o  cons ider  t h e  needs of  man i n  

space  f o r  1-3 months. Following t h i s ,  p r e d i c t a b l y  ano the r  conference 

should b e  a r ranged  f o r  man i n  space  f o r  one t o  two y e a r s .  There i s  need 

f o r  a conference involv ing  t h e  man-food-microbe i n t e r r e l a t i o n s h i p s  which 

should b e  h e l d  w i t h  our  Russian c o u n t e r p a r t s .  Now, a t  t h e  end of  t h e  

Apollo f l i g h t s ,  i s  an a p p r o p r i a t e  t ime t o  propose t h a t  t h e  American and 



Russian working s c i e n t i s t s  would r e l a t e  t o  each o t h e r  i n  conference 

and i n  pub l i ca t  ion ,  t h e  methodology, maker i a l s  used , t h e  problems 

and r e s u l t s  from space f l i g h t s  thus  f a r .  This should inc lude  t h e  

evolut ion of food types used, food p repara t ion ,  n u t r i t i o n a l  s tandards 

and food p resen ta t ions .  I n t e r r e l a t i o n s h i p s  should be  presented on 

t h e  microf lora  and waste problems, microf lora  s t u d i e s  of man i n  space 

and whatever i s  known of t h e  bac te r io logy  of  food, water ,  waste and 

t h e  space veh ic le .  This would make a good two-week conference with 

one o r  two monographs being published from t h e  conference. It is  

proposed t h a t  t h i s  be he ld  during t h e  next f i s c a l  year  and t h a t  t h e  

Americans provide t h e  major cos t  f o r  f i v e  days i n  He l s insk i ,  while 

t h e  Russians would provide t h e  cos t  f o r  f i v e  days i n  Leningrad. I f  

more than one year  e l apses ,  t h e  personnel involved would not  be  

r e a d i l y  a v a i l a b l e ,  t h e  d a t a  w i l l  be  l a r g e l y  fo rgo t t en ,  o r  mispla.ced; 

t h e r e f o r e ,  prel iminary work on t h i s  meeting should begin  wi th in  t h e  

next few months . 
F i n a l l y ,  it i s  recommended t h a t  a  s h o r t  course i n  n u t r i t i o n  be  

incorporated i n t o  a l l  as t ronaut  t r a i n i n g  programs. A 1 0  hour course 

i s  ou t l ined  i n  Appendix G .  This would provide each as t ronaut  with 

b a s i c  information about t h e  u t i l i z a t i o n  of  foods during t h e  f l i g h t s  

and provide a base  f o r  communication wi th  t h e  n u t r i t i o n  s t a f f .  

Although t h i s  was of l i t t l e  importance f o r  f l i g h t s  of 1-2 weeks:, it 

becomes important f o r  f l i g h t s  of one o r  more months. 

V. SUMNARY . 

Manned space f l i g h t s  of 1 - 3 months dura t ion  w i l l  demand much 

more prepara t ion  i n  t h e  areas  of food, water  and oxygen( t h e  nur tu re  

of t h e  system) i n  order  t o  b r i n g  t h e  r e l i a b i l i t y  of t h i s  p a r t  of t h e  

program equal t o  t h e  man-machinel t h e  na tu re )  component of  t h e  program, 

Previous work has ind ica ted  t h a t  present  d i e t s  a r e  s a t i s f a c t o r y  f o r  

s h o r t  term f l i g h t s  as  long as .no contingencies a r i s e .  Present  work 

a l s o  i n d i c a t e s  t h a t  t h e r e  was v i r t u a l l y  no s a f e t y  f a c t o r  b u i l t  i n t o  

t h e  Apollo d i e t  program. The f i r s t  s t e p s  i n  thwart ing any and a:L1 

poss ib le  malfunctions a r e  t o  l e a r n  what i s  p resen t ly  being u t i l i z e d  

and what is requi red .  Unfortunately,  t h e  records from Apollo f l i g h t s  

a r e  poor. The exc re ta  provide a good index f o r  h e a l t h  and d i sease  

which can be  used t o  determine t h e  n u t r i e n t  in take  of and/or balance 

of each as t ronau t .  Using t h i s  a s  a  da ta  base ,  one could then p r e d i c t  



what might be  needed f o r  long term space f l i g h t s  wi th  good r e l i a b i l i t y .  

Experimental work wi th  t h e  Apollo (1968) comminuted d i e t  i nd ica ted  

t h a t  t h i s  d i e t  was marginal f o r  anything b u t  s h o r t  term f l i g h t s .  A 

s tudy wi th  f i b e r  added t o  t h i s  d i e t  showed t h a t  c e r t a i n  i n t e s t i n a l  

parameters such as t h e  wa l l  of t h e  cecum and t h e  cecum s i z e  o f  mlice 

a r e  a f f e c t e d  favorably  by t h e  add i t ion  of  f i b e r  i n  t h e  d i e t .  A s e r i e s  

of paper evalua t ions  suggested t h a t  one reason f o r  t h e  d e f i c i e n t  c a l o r i c  

i n t a k e  on t h e  e a r l y  Apollo d i e t s  was t h e  excessive food p repa ra t ion  time 

demanded by t h e  system. A second s tudy suggested t h a t  t h e  d i e t s  as  

designed and a s  ea ten  were d e f i c i e n t  i n  potassium, i r o n  and calcium. 

Using t h e  information a v a i l a b l e ,  a  n u t r i t i o n a l  evalua t ion  of Apollo 

d i e t s  was made; t h e  b e s t  appeared t o  be  Apollo 11. Data from Apollo 

1 2  and 1 4  were not  a v a i l a b l e .  N u t r i t i o n a l l y ,  Apollo 8 was t h e  wors t .  

Since t h e r e  i s  a  s e r i o u s  problem involved i n  g e t t i n g  r e l i a b l e  food 

i n t a k e  d a t a ,  a  new system f o r  obta in ing  t h i s  information was proposed. 

This system involves t h e  add i t ion  of a  n u t r i e n t  marker i n  t h e  p a r t s  

per  m i l l i o n  range f o r  each n u t r i e n t  t o  b e  s tud ied .  I n  add i t ion  t o  t h i s ,  

a  d a i l y  i n t a k e  marker would be  u t i l i z e d .  This i n t a k e  marker could b e  

i n d i v i d u a l l y  i d e n t i f i e d  i n  order  t o  save a s t ronau t  marking of f e c a l  bags.  

Af ter  obta in ing  d a i l y  samples of t h e  feces  from each a s t r o n a u t ,  t h e  

i n d i c a t o r s  would show how much of any given n u t r i e n t  was taken f o r  t h a t  

day and from t h i s  information a  ba lance  study could b e  run .  The v a r i e t y  

of i n d i c a t o r s  which a r e  under s tudy inc lude  heavy metals  which a r e  

v i r t u a l l y  not  absorbed and do not a f f e c t  t h e  u t i l i z a t i o n  of  d i e t a r y  

i n g r e d i e n t s .  F e a s i b i l i t y  s t u d i e s  wi th  r a t s  a r e  underway wi th  7 experi-  

ments. The f i r s t  i s  an evalua t ion  of b r i l l i a n t  b lue  dye a s  a  f e c a l  

marker. This seems t o  be q u i t e  s a t i s f a c t o r y .  The second i s  t h e  s tudy 

of t h e  recovery of  a  s i n g l e  dose of a  known quan t i ty  of  5 markers.  The 

t h i r d  i s  t h e  determinat ion of t h e  number of  days t h e  marker must be  

given be fo re  t h e  exc re t ion  i s  s t a b i l i z e d  when t h e  marker i s  given twice 

d a i l y .  The f o u r t h  experiment i s  a  simple ba lance  study t o  compare t h e  

marker system wi th  t h e  c l a s s i c  gross  ana lys i s  system. The f i f t h  i s  a  

s tudy wi th  v a r i a b l e  composition of  d i e t s  t o  be  s u r e  t h a t  t h e  marykers w i l l  

d e t e c t  changes i n  t h e  d i e t .  The s i x t h  experiment i s  a one day c o l l e c t i o n  

per iod  t o  s e e  i f  da ta  from it gave comparable r e l i a b i l i t y  t o  a  s i x  day 

c o l l e c t i o n .  The seventh experiment was a  s tudy of  d i u r n a l  v a r i a t i o n .  



When t h e s e  experiments a re  f i n i s h e d ,  it i s  an t i c ipa ted  t h a t  t o x i c i t y  

s t u d i e s  i n  mice and monkeys w i l l  be  made. Sa t i s fac to ry  r e s u l t s  i n  

t h e s e  two t e s t s  would l e a d  t o  t a s t e  t e s t i n g ,  recovery t e s t i n g ,  and 

f u r t h e r  f e a s i b i l i t y  t e s t i n g  i n  humans p r i o r  t o  use i n  Apollo f l i g h t s .  

It i s  recomended t h a t  these  f e a s i b i l i t y  s t u d i e s  be completed. 

It is  a l s o  recommended t h a t  a  meeting be  held  f o r  an evaluat ion of 

t h e  n u t r i t i o n a l  problems which might a r i s e  i n  a one t o  t h r e e  month 

f l i g h t .  It i s  a l s o  recommended t h a t  a  Russian-American col labora t ion 

be  made t o  record  t h e  progress i n  d i e t ,  t h e  i n t e r a c t i o n  between d i e t  

and microbe i n  man, d i e t  and microbe i n  food,  d i e t  and microbe i n  

waste,  and man and microbe. This conference should take  approximately 

two weeks and should r e s u l t  i n  two monographs a t  t h e  c lose  of t h e  

Apollo program. F i n a l l y ,  it i s  recomended t h a t  t h e  as t ronauts  have 

more information about n u t r i t i o n  f o r  good rappor t  between t h e  as t ro -  

nauts  and t h e  n u t r i t i o n  personnel.  The goal  f o r  f u t u r e  manned space 

f l i g h t s  i s  t o  make d i e t  as  r e l i a b l e  as a l l  other components of t h e  

spacecraf t  with s a f e t y  f a c t o r s  and crew understanding coxparable t o  

those  e x i s t i n g  f o r  astronaut-machine c a p a b i l i t i e s .  



TABLE I 

EFFECT OF DIETARY FIBER I N  MICE 

S t a t e  GERMFREE CLASSIC 

Environment ISOLATOR 

Diet I SYNTYPE 

Diet S t e r i l e  YES I YES 

Fiber i n  Diet NO 

Group Number 1 

Mi ce/group 

Weight, gm 

Body Less Cecum, gm 

Cecum, F u l l ,  gm 

Cecum, % of Body 

Cecum Wall, gm 

Cecum Wall, % of Body 

Hb, % of Blood 

YES YES 

ISOLATOR 

SYNTYPE 

YES 

YES NO 

5 6 

5 6 

23.1 21.6 

22.9 21.9 

0.25 0.31 

1.04 1.32 

0.08 0.10 

0.40 0.42 

13.6 13.6 

OUTSIDE 

YES 

YES 



TABLE I1 

Suggested Nutrients to be Marked and Markers 

Nutrient 

Calories 

Protein 

Fat 

Carbohydrate 

Ca 

P 

Mg 
, 

Fe 

Cu 

Na 

K 

B12 

Folate 

Cr 

Collect ion 

H20 (in food) 

Fecal 

Others 

Marker 

Yb-Yt terbium 

Au-gold 

Eu-Europium 

Dy-Dysprosium 

Tb -Terbium 

Ho -Holmium 

Er -Erbium 

Lu-Lute tium 

T -Titanium 

Sc -Scandium 

Ir -Iridium 

Gd -Gadolinium 

La -Lanthanum 

Zr-Zirconium 

Ce-Cerium 

PEG-polyethylene glycol 

BB -Br illiant Blue 

Cr-EdtazChromimn FIYTA 

~a-~Gthanmn 

Y -Yttrium 

Ru-Ruthinium 

cr20a -~hromiqbxide 

ZrO -Zirconium Oxide 

TiO-Titanium oxide 

BaS04 -Barium SuU?at e 
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SPACE DIET EVALUATION 

Abstract  

Previous inadequacies i n  the  evaluat ion of p r a c t i c a l  d i e t s  suggested 

a comparison of a n a l y t i c a l  and b io log i ca l  methods should be made f o r  

Apollo d i e t .  Rations eaten during 34 man-day p r e f l i gh t  t r a i n ing  exercises  

i n  1968 were compiled and averaged t o  give a representa t ive  Apollo d i e t ,  

Nominal f l i g h t  foods were ground and comminuted before being packaged 

under vacuum i n  polyethylene bags which were then sealed i n  ni trogen 
6 

f i l l e d  cans and 2 / 3  were s t e r i l i z e d  with 5 x 10 rads of cobal t  gamma 

radia t ion.  Analyses indicated 21% l o s s  i n  h i s t i d i n e  occurred during the  

r ad i a t i on  s t e r i l i z a t i o n  of t h i s  d ry  d i e t ;  o the r  nu t r i en t  losses  were l e s s  

than  12%. A comparison of t he  analyses t o  recommended allowances f o r  man 

and mice suggested t h e  d i e t  would be adequate f o r  man f o r  a shor t  time. 

Since mouse requirements a r e  propor t ional ly  higher, t he  d i e t  would be 

expected t o  be gross ly  inadequate f o r  mice i n  both mineral and B-vitamin 

mntent .  However, feeding mice exclus ively  t h i s  d i e t  f o r  t h r ee  generations 

showed t h a t  t h e  d i e t  was adequate t o  maintain l i f e ,  reproduction, 

l a c t a t i o n  and good general  appearance. Growth was slow i n  t he  first 

generation mice; subsequently it was somewhat be t t e r .  Food e f f i c iency  p a t t e r r s  

changed with each generation and were general ly  low. General observation 

indicated t h e  a lopecia  and sk in  problems of f i r s t  generation mice i n  

i s o l a t i o n  uere  not found i n  t h e  second and t h i r d  generation mice. Mice 

f ed  non-s ter i l ized Apollo d i e t  showed more s u s c e p t i b i l i t y  t o  inf 'ection 

with h i s t o log i c  evidence of i n f ec t i on  and t o  anemia than did  mice fed 

the  i r r ad i a t ed  d i e t .  Despite the  f a c t  t h a t  ca lcula t ions  indicated t h a t  

t h e  d i e t  would be gross ly  inadequate f o r  them, mice survived when fed 

Apollo d i e t ,  Thus the  a n a l y t i c a l  evaluation of Apollo d i e t  i s  more 

r igorous than i s  the  b io log i ca l  evaluation. This suggests t h a t  s a f e t y  

f a c to r s  incorporated i n to  some nu t r i en t  allowances a r e  high f o r  c l a s s i c  

mice i n  the  open laboratory.  Although feeding y rad ia t ion  s t e r i l i z e d  dLet  

showed no adverse e f f ec t ,  b i o i so l a t i on  of mice appeared t o  increase 

morta l i ty .  



The evaluat ion of p r a c t i c a l  d i e t s  by comparing the  quan t i t a t ive  

nu t r i en t  requirements of t he  species t o  be fed with the  ana ly t i c a l  da t a  

t aken  from t h e  d i e t  i s  a log ica l ,  inexpensive and much used proced'ure, 

However,it involves t he  following important and po t en t i a l l y  precartous 

assumptions: a l l  nu t r i en t s  required by t he  species t o  be fed the  d i e t  

a r e  known; a l l  nu t r i en t  quan t i t i e s  a r e  revealed by t h e  ana ly t i c a l  dats.; 

the  condi t ions  of use a r e  not meaningfully d i f f e r en t  from the  condit ions 

used t o  e s t a b l i s h  t he  nu t r i en t  requirements wi thin  t h e  limits of the  

s a f e t y  f a c t o r  b u i l t  i n t o  the  recorimended allowance used; and t he  a v a i l ~ ~ a i l i t 3 -  

of each nu t r i en t  is, o r  can be adjusted t o  be, equivalent i n  the  anal2xical  

work t o  t h a t  of t h e  species  being fed. The concept i s  res ta ted :  Are c c  

a n a l y t i c a l  methods adequate t o  give assurance of b io log i ca l  value withcut  

bioassay? 

H i s to r i c a l l y ,  Liebig and others  applied the  p r inc ip les  of organlc 

ana ly s i s  t o  foodstuffs  with t he  preconceived idea  t h a t  the  ana ly t i c a l  

d a t a  from feeds could be used t o  determine t h e  most economical system 

f o r  l i ve s tock  production (1).  Tables of t he  prote in ,  carbohydrate, l i ? i d ,  

ash  and e n e r w  content of feeds  were accumulated and used widely. Hosie-~er, 
2 

discerning experimenters began t o  doubt t he  v a l i d i t y  of t h i s  concept . 
During t h e  f irst  decade of t h i s  century the  work of Hopkins i n  England 

and Osborn and Mendel of U.S.A. showed t h a t  knowledge of t h e  t o t a l  

n i t rogen of feeds  d id  not provide a r e l i a b l e  index of the  b io log ica l  

value of p ro te ins  because it d id  not r e f l e c t  the  content of indivi-dual 

e s s e n t i a l  amino acids.  During t h e  next two decades it was found t h a t  

proximate ana lys i s  d id  not revea l  t h e  presence of e s s e n t i a l  vitamins zr3 

t r a c e  elements. Thereaf ter  food t a b l e s  vere  developed which included 

amino acid ,  vitamin and m i m r a l  ( including some t r a c e  elements) data. 

The concept was s t i l l  premature a s  shown by the  dramatic f a i l u r e s  whic? 

resu1i;ed from feeding U.S. Army K r a t i ons  t o  rats by s i l be r3  and 

Lepkovsky (2)  and rats and monkeys by Register  e t  a l .  (3) .  One f a l l a c y  

was revealed when Sne l l  ( 4 )  showed t h a t  elements of t he  vitamin B6 co:-?lex 

were more than  one thousand times more ac t i ve  f o r  c e r t a i n  assay 

microorganisms than f o r  animals. 



This background made it important t o  evaluate as t ronaut  d i e t  

b iological ly .  The d i e t  was designed t o  be adequate according $0 calcula t ions  

from food analysis;  it was developed f o r  Apollo f l i g h t s  and was a v i t a l  

pa r t  of t h e  continuous development of space food f o r  t h e  future .  But was 

it b io log ica l ly  a complete food f o r  mamals? Are our knowledge of nu t r ien t  

requirements and our ana ly t i c a l  methods adequate t o  give assurance of 

b io log i ca l  value without bioassay? This question forms t he  conceptual 

b a s i s  f o r  t h e  major hypothesis t e s t ed  here. 

A second hypothesis i s  involved: prolonged i so l a t i on  may cause a 

s impl i f i ca t ion  of t he  f l o r a  i n  t h e  i n t e s t i n e  with t h e  formation of a 

dominant f l o r a  which w i l l  markedly a l t e r  t he  n u t r i t i v e  requirements of 

.the host. The base f o r  t h i s  hypothesis has been previously reviewed ( 5 ) .  

Therefore, it was per t inent  t o  feed Apollo d i e t  t o  c l a s s i c  animals which 

were maintained i n  b io i so l a t i on  using gnotobiotic techniques. Mice were 

chosen as the  t e s t  animal and a va r i e ty  of parameters of hea l th  were 

used i n  t he  b io log ica l  evaluation of Apollo d i e t  f o r  th ree  successive 

generations under th ree  conditions: a)  i n  t h e  open laboratory with 

untreated d i e t ;  b)  i n  t he  open laboratory with i r r ad i a t ed  d ie t ;  and c )  

i n  s t r i c t  b ioisola t ion.  Ivlice i n  b io i so l a t i on  were provided with s t e r i l e  

air, water and food, and groups of con t ro l  mice were fed  the  rad ia t ion  

s t e r i l i z e d  and untreated d i e t  under open laboratory conditions. Control 

groups  of mice were f ed  a laboratory chow. This comunication provides 

t he  base f o r  o ther  repor t s  on t h e  e f f e c t  of spec i f i c  microbial  f l o r a s  

upon mice fed  Apollo d ie t .  

WHODS ATJD MATERIALS 

Diet  

The formulation of a composite Apollo d i e t  w a s  made from t h e  da i l y  

average of r a t i ons  eaten during 1968 p re f l i gh t  t e s t s  by as t ronauts ,  

We C. (4 days), J. K. (10 darys), V. B. (10 days) and J. E. (10 days). 

The amount of each item ea ten  gave t h e  r e l a t i v e  quan t i t i e s  t o  be c.sed i n  

t he  composite A ~ o l l o  d i e t   able 1) .  Each item was prepared according t o  

production guide spec i f ica t ions  using r e f r i ge r a t i on  f o r  any storage of 

ig red ien t s  o r  product (6) .  Adequate quan t i t i e s  of each item were 

granulated t o  pass a Do. 20 mesh and blended under nitrogen. This gave 



a mix with p a r t i c l e s  small enough t o  prevent mice from picking individual  
4 

par t s ,  This comminuted Apollo d i e t  was granular  and l i g h t  brown i n  color; 

it packed ea s i l y ,  t a s t ed  sweet and was r ead i l y  accepted by mice. It was 

somewhat hygroscopic. The granulated d i e t  was vacuum packed i n  400 1- 4 g 

quan t i t i e s  i n to  polyethylene bags; these  were sealed under n i t rogen and 

placed with wax paper packing i n t o  No. 2 1/2  t i n  cans. The cans were 

packed i n t o  cartons and frozen t o  -45 '~  f o r  storage. A l l  shipping was 

completed with continuous cooling below O'C under insula ted blankets ,  

Some groups were fed s t e r i l e  d i e t  i n  an t i c i pa t i on  of feeding germf'ree 

and microbial ly associated gnotobiotes the  Apollo d i e t .  Available 

techniques f o r  s t e r i l i z a t i o n  were steam under pressure, d ry  heat ,  

f i l t r a t i o n ,  chemicals and radia t ion.  F i l t r a t i o n  was not acceptakle 

because the  d i e t  was not soluble; dry o r  wet heat  would be expected t o  

destroy more vitamins and amino ac ids  than does r ad i a t i on  (7); and 

chemical s t e r i l i z a t i o n  could cause many react ions  giving harmful products 

(8). Therefore, r ad i a t i on  w a s  t h e  method chosen f o r  s t e r i l i z a t i c n  of 

Apollo d i e t  f o r  those mice t o  be fed t h e  s t e r i l e  d i e t .  We have previously 
6 used 3 x 10 rads of y r ad i a t i on  t o  s t e r i l i z e  syntype d i e t s  f o r  mice, 

lambs (9)) and chicks (10). Since a curve showing t he  extent  of r ad i a t i on  

death of bac t e r i a  may " t a i l "  near t h e  100% k i l l  area,  spore s t r i p s 5  were 

placed wi thin  cans with simulated Apollo d i e t  and i r r ad i a t ed  t o  provide 

information on t h e  r e l i a b i l i t y  of t h e  dose chosen. The da t a  from 3 s e r i e s  

of r e s i s t a n t  spore s t r i p s  ( f igure  1 )  shows t h a t  the  non-irradiated s t r i p s  
3 were found t o  have 10 b a c t e r i a  each when standard bac t e r i o log i ce l  

procedures were used t o  grow the  spores on th iog lyco l la te  agar t o  count 

the  r e su l t an t  colonies from surviving individuals.  The curves show godd 

agreement with each other ,  no t a i l i n g  was noted and t he  frequency with 

which zero counts were observed with t he  severa l  r e l a t i v e l y  low doses of 

r ad i a t i on  suggested t h a t  t a i l i n g  was not of major importance. Serendipitously,  

those da t a  f e l l  i n t o  t he  most meaningful range because t he  comminuted Apollo 
3 d i e t  was found t o  have a low microbial  content: 1 x 10 microorgenisms per  

3 4 gram by us and 5 x 10 by o thers  . Thus, excepting poss ible  e f f e c t s  of 

nu t r i en t s  upon t he  spores i n  t he  dry  Apollo d i e t ,  it was reasonable t o  
6 

expect t he  d i e t  could be s t e r i l i z e d  with l x  10 rads of Cobalt e;ama 

radia t ion.  This conservative est imate was a l s o  obtained by extrapola t ing 



a l i n e  which incorporates the  t h r ee  po in t s  from the  most r e s i s t a n t  

spores. When t he  da t a  were used i n  a ca lcu la t ion  of death values and 

t he  s t e r i l i z a t i o n  dose using the  method of Bruch e t  al. (11) a value 
6 of 1.2 x 10 rads was obtained. This agrees we l l  with the  da t a  showing 

6 no survivors at  0.8 x 10 rads. When about 1/2 g of i r r ad i a t ed ,  simulated 

Apollo d i e t  was placed i n  10 m l  of enriched cu l tu re  media t he  da.ta showed 
5 6 t h a t  2 x 10 rads was inadequate t o  give s t e r i l i z a t i o n  while 1 x. 10 , 

6 6 3 x 10 and 5 x 10 rads produced a product from which no viable  

microorganisms were recovered. This prel iminary work suggests  t ,hat 
6 5 x 10 rads gives a 5-fold s a f e ty  f a c t o r  f o r  Apollo s t e r i l i z a t i o n .  

Each can of d i e t  t o  be s t e r i l i z e d  was heat  seal'ed i n  a poly-ethylene 

bag and t h i s  placed i n t o  a second polyethylene bag which was taped shut. 

The ou te r  bag provided a high degree of c lean l iness  t o  t he  inner bag 

which must l a t e r  be s t e r i l i z e d  with peracet ic  ac id  f o r  t he  mice reared 

i n  b io i so la t ion .  Spore s t r i p s  were placed i n to  the  center  of th.e d i e t  

i n  f i v e  cans which were subsequently resealed without n i t rogen a.nd 

replaced i n t o  cartons,  This d i e t  was then  t r e a t ed  with 5.4 2 0.8 x 10 
6 

rads of y r ad i a t i on  from a $00 K Curie source. The temperature of the  

d i e t  rose from -64' C t o  5' C during t h e  55 minute exposure (plus  7 
minutes t o  s top  the  radia t ion,  manually t u r n  t he  cases i n  order t o  

ob ta in  a more uniform dosage i n  a l l  cans, and b r ing  the  source i n t o  

r ad i a t i on  pos i t ion) .  Incubation spore s t r i p s  i n  cu l tu re  media o r  

feeding t he  d i e t  t o  germfree mice ( t o  be reported l a t e r )  shoved the  d i e t  

was f r e e  from a l l  v iable  microorganisms. 
6 Analyses of non-irradiated and i r r ad i a t ed  Apollo d i e t  provided 

information about the  e f f e c t  of r ad i a t i on  s t e r i l i z a t i o n  upon nu t r i en t s  

i n  a dry  d i e t  and provides da t a  f o r  comparison with the  quant i takive  

nu t r i en t  requirenlents of mice and men. Mice fed non-irradiated Apollo 

d i e t  were t h e  con t ro l  f o r  groups fed i r r ad i a t ed  d i e t  i n  gnotobicltic or  

open environments. Other con t ro l  mice were fed untreated o r  steam 

s t e r i l i z e d  laboratory  chow7 i n  d i f f e r e n t  environments a s  indicated.  Food, 

i n  conical  ceramic feeders,  and water were ava i l ab le  t o  the  mice 3 libitum. 

A l l  water was deionized, autoclaved and s tored i n  "hard" g l a s s  b o t t l e s ,  

The waterers were rubber-stoppered, g l a s s  b o t t l e s  with s t a i n l e s s  s t e e l  

nipples; they were changed weekly. Samples of water drawn pe r i cd i ca l l y  

from the  water b o t t l e s  gave res i s t ance  values from 0.2-3 mil l ion ohms. 



Animals 
8 

Each regimen was s t a r t e d  with 20 weanling white mice . Groups of 

t h r ee  females and two males were placed t o g e t k r  i n  standard polycarbonate 

cages f i t t e d  with s t a i n l e s s  s t e e l  wire l i d s .  Expectant and lac t -a t ing 

dams were provided ind iv idua l  cages. Trio regimens were maintained i n  

t he  open laboratory  i n  standard animal racks: one received rad ia t ion  

s t e r i l i z e d  d i e t ,  t h e  o ther  non-irradiated d i e t .  Their  cages were 

f i t t e d  with s t a i n l e s s  s t e e l  wire f l o o r  ra i sed  about 1.5 cm and having 

6 mm openings and were changed weekly. Animals i n  t h e  t h i r d  regimen 

were housed i n  a standard germfree polyethylene i s o l a t o r  f i t t e d  with 

neoprene gloves, a s t e r i l e  por t  and a i r  f i l t e r s ;  the  s t e r i l e  polycarbonate 

cages of these  mice had no ra i sed  wire f l o o r  and t h e  cages were changed 

d a i l y  excepting f o r  food e f f i c iency  s tud ies  o r  suckling l i t t e r s .  This 

d a i l y  change t o  s t e r i l e  cages was intended t o  keep t h e  mice clean,  d ~ j  

and f r e e  from any e x t r i n s i c  source of microbes o ther  than f r e s h l y  voided 

feces.  Coprophagy was thus  encouraged as a means t o  he lp  them maintain 

a normal f l o r a  i n  b io i so la t ion .  Although c l a s s i c  mice were placed i n to  

these  i s o l a t o r s ,  s t r i c t  gnotobiotic procedures were followed: the  i s o l a t c r ,  
- - 

cages, food, water, air, and a l l  mater ia ls  were s t e r i l i z e d .  Bacteriologics--; 

they  were as 5solated a s  as t ronauts  i n  space ships. The mice fed  laboratoz:; 

chow were maintained on s t e r i l i z e d  bedding i n  t h e  polycarbonate cages. 

A l l  mice were maintained on a 12 hour l i g h t  cycle, at a temperature of 
0 

26 -1- 3 C i n  air-condit ioned t r a i l e r - l abo ra to r i e s .  

Food e f f i c iency  d a t a  were obtained during a 5 day period a f t e r  one 

week accl imat iza t ion t o  t he  d i e t .  Weighed q u z a t i t i e s  oI" food were plac2d 

i n  conical  feeders  which were placed i n  15 em P e t r i  p l a t e  tops. Alumin-m 

f o i l  was placed under the  1 cm wire mesh f l o o r  of cages having t h i s  f loor ,  

This provided adequate provisions f o r  t h e  minimizing of waste and t h e  

c o l l e c t i o n  of waste food with excreta. This waste was col lec ted,  dr ied ,  

weighed and an est imate made of the  f e c a l  and food contr ibut ion t o  t he  

whole. The food l o s t  plus t h a t  which remained i n  the  feeder  were deducted 

from the  food presented. The t o t a l  food consumption and t h e  weight 

increment of t h e  mice provided the  da t a  needed t o  ob ta in  t he  food efficiera,- ,  
a i n  x 100 

Food e f f i c iency  = . Standard procedures f o r  observations 03 
g food 

hea l th ,  autopsy, histology,  hematology and immunology were followed. 



Brachial  blood was col lected under anesthesia. Autopsy of 5 males, 

wi th  an occasional  female, was performed at  60 days of age f o r  the  f i r s t  

generation,  90 days f o r  the  second and 30 days f o r  the  t h i r d  generation. 

S t a t i s t i c a l  da t a  were taken from those animals which were within 3 4  of 

t h e  means. Probabi l i ty  values (P)  were obtained from calculated t values. 

RESULTS AND DISCUSSION 

Diet  Analyses 

Radiat ion-s ter i l ized comminuted Apollo d i e t  was indis t inguishable  

from non-radiated d i e t  by appearance, t a s t e  o r  odor. A p i l o t  study 

with 17 ind iv idua l  food items indicated only i n  one-fourth could 
6 i r r a d i a t i o n  changes be detected by a t a s t e  panel . Tr ip l i ca t e  p rox imte  

ana lys i s  of a s ing le  sample of comminuted Apollo d i e t   able 2) ind ica tes  

water, f i b e r  and ash t o  be low when compared t o  our previous experimental 

d i e t  (7). The f i r s t  two items were low by design and the  low ash was 

examined f u r t h e r  through i t s  consti tuents.  The t o t a l  p ro te in  and ca lo r i e  

content appear acceptable f o r  e i t h e r  man o r  mice, the  1800 Cdor i e s  

contained i n  400 g d i e t  i s  more than many as t ronauts  have eaten (12). 

As expected, i r r a d i a t i o n  caused no s ign i f ican t  change i n  ash, f a t ,  

f i b e r ,  n i t rogen and water. 

Elemental analys is  indicated t h a t  no s ign i f ican t  l o s s  of major 

elements occurred during the  rad ia t ion  procedure  a able 3). When the  

quan t i ty  of each element i n  t h e  d i e t  i s  compared t o  t h e  recommended 

allowances given f o r  man (13)(assuming about 400 g with about 1800 

Calories a r e  consumed per  day) the  quant i ty  of Mg may be low f o r  prolonged 

f l i g h t s .  When a l i k e  comparison is  made f o r  t he  mouse (assuming 4 g of 

food were provided da i l y ) ,  severa l  elements appear t o  be very def ic ien t .  

These a r e  l i s t e d  with the  increase needed t o  bring the  element t o  the  

mouse recommended allowance (14); phosphorus, 3 fold;  calcium, 3 fold ; 

i ron,  8 fold; copper, 2 fold;  cobalt ,  140 fold;  and manganese, 9 fold.  

Amino ac id  analyses of t he  Apollo d i e t  by gas chromatography 

indicated t h a t  a low l o s s  generally occurred during rad ia t ion  s t e r i l i z a t i o n  

 able 4). His t id ine ,  threonine and arginine losses  were 21, 11 and 10:: 

respectively.  Losses i n  a l l  o ther  amino acids  were l e s s  than 10%. 

Tryptophan was not determined because an acid  hydrolysate was used, The 

increase  reported Tor prol ine  was confirmed by column chromatography of  

two o ther  samples by a d i f f e r en t  laboratory. When t h e  amount of e s s e ~ ~ t i a l  



amino ac ids  recommended f o r  man (13) i s  compared t o  t he  amount i n  

400 g. of d i e t ,  no se r ious  di f ferences  a r e  noted. Methionine i s  not 

s e r i ous ly  lov  when l /3 of t he  cyst ine  -cysteine values a r e  included. 

When t h e  percentage of amino ac ids  i n  t he  Apollo d i e t  i s  compared t o  

t h e  percent  "required" by mice using r a t i o n a l  considerat ion (15) 

(no amino ac id  recommended allowances f o r  mic e a r e  ava i l ab le ) ,  the  

i soleucine ,  methionine-cysteine-cystine and va l ine  contents of t he  

i r r ad i a t ed  d i e t  appear t o  be somewhat low. The phenylalanine requirement 

seems t o  be adequate when 1/3 of t he  tyros ine  i s  added. Threonine i s  

questionable.  Excepting tryptophan, a l l  o ther  e s s e n t i a l  amino acids  

appear t o  be  present  i n  adequate amounts on a "percent of d ie t "  bas i s .  

Analyses of representa t ive  vitamins  able 5) indicated t h a t  

r i bo f l av in  w a s  t h e  vitamin most l a b i l e  t o  gamma-radiation under -;he 

condit ions described. The 31% r ibof lav in  l o s s  i s  of minor s ignif icance 

when compared t o  vitamin losses  general ly  noted with heat  o r  chemical 

s t e r i l z a t i o n  of d i e t s .  Radiation changed 10% of t h e  reduced asccsrbate 

i n t o  t h e  dehydro form. A s  r e f l e c t ed  by t he  l ack  of change i n  t o t a l  

ascorbate,  t h e  increase i n  dehydroascorbate mirrored t he  decrease i n  

reduced ascorbate. The s t a b i l i t y  of such e a s i l y  oxidized compoujnds 

as vitamin A and ascorbic ac id  and such r ad i a t i on  l a b i l e  compounds as 

r ibof lav in ,  pyridoxine and thiamin during'gamm-ray s t e r i l i z a t i o n  of the  

d r y  d i e t  suggest t h a t  a minimum of f r e e - r ad i ca l  oxidation occurred with 

amino ac ids ,  f a t t y  ac ids  o r  o ther  compounds. The dryness of thi ; ;  d i e t  

undoubtedly discouraged chain reac t ions  and o ther  chemical :reactions 

which occur r e ad i l y  when more moisture i s  present  o r  i s  added immediately 

a f t e r  i r r ad i a t i on .  

When compared t o  t h e  recommended a l l o ~ a n c e s  f o r  man  able 5 ) ,  t h e  

vi tamin content of 400 g: of Apollo d i e t  appears t o  be marginal i n  

vitamin A, r ibof lav in ,  thiamin and vitamin B6 and low i n  fo l a t e .  This 

would be expected t o  have l i t t l e  e f f e c t  on a mature man during shor t  

space f l i g h t s .  When compared with t he  allowances suggested f o r  the  

mouse, 5 g of Apollo d i e t  appears t o  be se r ious ly  low i n  r ibof lav in ,  

thiamin, vi tamin E , pantothenate and fob,  t e .  6 



Animal Observations 

The survival ,  appearance, reproduction and l ac t a t i on  performance 

of t he  mice  able 6) indicates  t h a t  mice i n  i so l a t i on  l ived the  most 

hazardous existence. Survival  was 97% i n  t he  open laboratory with 

mice fed  r ad i a t i on  s t e r i l i z e d  Apollo d i e t ,  85% with mice fed t he  non 

t r e a t e d  d i e t  and only 40% i n  mice i n  b io i so la t ion ,  When the  f l o o r  

became wet (with no puddles) on two occasions, some mice i n  isol-at ion 

died wi thin  1-2 days although no in fec t ious  disease could be established 

from blood o r  organ cultures.  This experience i s  a l so  noted i n  t he  mice 

fed  laboratory chow. Mice fed  the  non-treated Apollo d i e t  looked we l l  

i n  t h e  first generation ( i n  con t ras t  t o  t h e  his tology repor t )  bu t  severa l  

individuals  were v i s i b ly  ill and died i n  the  second generation. This 

p a t t e r n  con t r a s t s  s t r i k ing ly  with t he  sudden death of a l l  animals i n  

one group (with no previous symptons) which occurred i n  bioisola,tion. 

The generalappearanceof t he  mice was generally good i n  t he  open. 

laboratory while first generation mice i n  i so l a t i on  appeared wet much 

of t h e  time; some became almost completely nude and had considerable 

sk in  erythema with mild edema. After  f i l t e r  paper bedding was a.dde6, 

the mice i n  i s o l a t i o n  improved t h e i r  appearance considerably. Eeproduction 

was genera l ly  slow i n  t he  first generation mice fed t h e  non-trea,ted 

Apollo d i e t .  The l i t t e r  which survived longest did not appear t o  be 

healthy; t h e i r  appe t i t e  was poor and severa l  died between t he  f i r s t  and 

s econd month of l i f e .  The poor reproduction i n  animals fed the  non 

t r e a t e d  d i e t  made it necessary t o  'transfer young mice from grou-g 9 t o  

continue t h e  experiment f o r  n o n - t r e a t d d i e t  i n  t he  open laboratory f o r  

t h e  second generation. This information plus  autopsy observations 

indicated t h a t  mice fed t h e  non-treated d i e t  appeared t o  be l e s s  healthy 

than those  f ed  t h e  gamma i r r ad i a t ed  d i e t  i n  the  open laboratory. Newborn 

mice of group 8 survived poorly bu t  t he  number weaned was adequate f o r  

continuing successive generations. Reproduction of mice fed laboratory 

chow was not b e t t e r  than t h a t  of mice fed Apollo d i e t .  Subsequent 

generations were not contin-ded f o r  these  groups. 

Growth and Food Efficiency 

The mice fed laboratory chow grew s a t i s f a c t o r i l y  ( ~ i g u r e  2a). Both 

males and females fed autoclaved d i e t  consis tent ly  grew at a s l i g h t l y  

decreased r a t e  when compared t o  those fed  untreated cliet. The gro~rth  



of a l l  mice fed Apollo d i e t  was somewhat slow t h e  first week 

of t he  experiment. It was acceptable during the  second week f o r  

mice reared i n  t he  open laboratory but it remained slow f o r  mice 

reared i n  i so l a t i on  ( ~ i ~ u r e  2b). Thereafter, t h e  males i n  i s o l a t i o n  

appeared t o  grow s a t i s f a c t o r i l y  while t he  females did not; t he  high 

mor ta l i ty  i n  t h i s  group may have skewed the  growth da ta  i n  favor of 

t h e  heavier males. The females appeared t o  be stunted and t he  

surviving males l o s t  weight at  2 months. I n  t h e  open laboratory 

there  appeared t o  be no e s s e n t i a l  d i f ference between mice fed the  

i r r ad i a t ed  d i e t  and those fed  non-irradiated Apollo d i e t .  The growth 

of second generation mice showed a d i f f e r en t  pa t t e rn  of respon.se 

( ~ i g u r e  2c); t h e  mice i n  i s o l a t i o n  were heavier a t  weaning and 

maintained t h e i r  weight advantage throughout t h e  experiment. Second 

generation mice fed  t he  i r r ad i a t ed  d i e t  i n  the  open laboratory generally 

grew l e s s  we l l  than those fed t h e  non-irradiated d ie t .  

The food e f f ic iency  da ta   able 7) indicated t h e  non-irra.diated 

Apollo d i e t  was u t i l i z e d  more e f f i c i e n t l y  than t h e  i r r ad i a t ed  d i e t .  

Mice fed Apollo d i e t  grew more and showed much b e t t e r  food u t i l i z a t i o n  

than  did  mice fed laboratory chov; unfortunately t h e  l a t t e r  mice had 

f in i shed  t h e i r  growth spur t  by t he  28th day when t he  food e f f ic iency  

experiment s t a r t e d  (see Figure 2). Technical d i f f i c u l t i e s  prevented 

accumulation of precise  da ta  from the  second and t h i r d  generations, 

Autopsy and Histology 

I n  general  a l l  of t h e  organs appeared t o  be normal at autpopsy 

excepting t he  sk in  of t h e  f irst  generation mice which were reared i n  

i so la t ion .  Histologic examination of t h e  epithelium showed t h a t  the re  

were n i l d  acanthosis, acatholysis ,  hyperkeratosis ,  parakeratosis ,  and 

spongiosis, The skin  of i so l a t ed  mice fed the  same d i e t  i n  t h e  second 

and t h i r d  generatiomwere normal. The f i r s t  generation mice ~rppeared 

t o  be cont inual ly  wet although no water accumulated on t he  f l o o r  

except ing as noted and each group was placed i n  a dry, clean cage 

every day. The f i r s t  generation mice s t a r t e d  on May 20, t h e  second on 

September 4 and t he  t h i r d  on November 18; t he  r e l a t i v e  humidity appeared 

t o  decrease with each generation. F i l t e r  paper bedding was added t o  

a l l  mice on October l3  when t he  second generation dams gave b i r t h  t o  

l i t t e r s  which were used i n  t h e  3rd generation study. Both hunlidity 

and f i l t e r  paper may have had a profound influence upon t h e  sk in  condition 



and o ther  parameters. The t h i r d  generation mice reared i n  iso:Lation 

had the  same good appearance as those reared i n  t h e  open laboratory,  

A l l  mice fed t h e  laboratory  chow appeared t o  be heal thy throughout 

the  experiment excepting t he  one group which became wet and died. 

The dead mice showed mult iple i n f ec t i on  from cu l tu res  of blood and 

lungs. 

The ovaries of animals i n  group 10 were somewhat small but  showed 

no pathology. Livers of a l l  animals appeared t o  have normal h i s t o log i ca l  

appearance. The mucosa of t he  ileum, cecum and lymph nodes of the  l a rge  

i n t e s t i n e  showed a decreased number of lymph c e l l s  (sometimes no lymph 

nodes were seen i n  mice of group 8). Mice i n  group 10 had reduced 

nwnbers of reticuloendothelium system (REs) c e l l s ,  reduced Peyers 

patches and very few s o l i t a r y  lymph nodes: these  def ic ienc ies  were 

sometimes very s t r ik ing .  These e f f e c t s  were l e s s  noticeable i n  mice 

i n  group 9 although some of them had a RES deficiency. The def ic iency 

of white c e l l s  was not general  throughout t he  body; t he  spleen showed 

an abundance of lymph c e l l s  and germinal centers.  

The lungs of some animals i n  group 10 showed some a lveo l iwh ich  

were distended and s t i l l  o thers  which had collapsed. There was a 

suggestion of pneumonia i n  some of these  animals. This was not seen i n  

groups 8 and 9. I n  h i s t o log i c  summary, mice i n  group 9 were t he  most 

heal thy during t he  first generation. Those i n  i s o l a t i o n  (group 8) 

showed sk in  l es ions  i n  t he  first generation which were not evident 

i n  t h e  second and t h i r d  generation. Animals fed  the  non-treated 

Apollo d i e t  i n  t he  open laboratory  showed some evidence of decreased 

a b i l i t y  t o  reac t  agains t  microbial  at tack.  Mice fed  t he  laboratory  

chow were not examined h i s to log ica l ly .  

Hemoglobin 

The mineral and B vitamin analyses of t h e  Apollo d i e t  provided 

evidence t o  suspect severe anemia i n  these  mice, The appearance of 

ea r s  and eyes of t he  animals sometimes suggested anemia was present ,  

bu t  t h i s  w a s  not cons i s ten t ly  seen. The hemoglobin values showed t h a t  

f i r s t  generation mice fed non-treated Apollo d i e t  were anemic while 

t he  mice fed i r r ad i a t ed  Apollo d i e t  were not   able 8). When , these 



two groups (groups 10 and 9) were compared a dif ference was found, 

p = 0.026. The va r i a t i on  was g rea t e s t  when anemia w a s  found : 2- e 

mice fed non-irradiated Apollo d i e t  were found t o  have 5.9, 7.4, 
11.6, 12.6, and 13.2 percent hemoglobin, while those fed irrad.iated 

d i e t  i n  t he  open laboratory were cons i s ten t ly  high (13-3 - 14.*). 

No dif ference was found when the  f i r s t  and second generation mice fed 

non-treated d i e t  were compared. Anemia was not present i n  t he  t h i r d  

generation mice; when t he  first o r  second generation mice weret compared 

with t h e  t h i r d  generation mice it i s  noted t h a t  t h e  di f ferences  were 

s t a t i s t i c a l l y  s i gn i f i c an t  ( p  = 0.009 f o r  comparison of groups 10 and 

36, and p = 0.001 f o r  groups 34 and 36). The anemia of t he  mice fed 

non-treated Apollo d i e t  was fu r the r  eviden-b when they were compared 

w i t h  mice fed  laboratory chow (p = 0.005 when groups 10 and 14-  a r e  

compared). 

When hemoglobin values of f irst  and second generation animals 

f ed  t h e  gamma i r r ad i a t ed  d i e t  i n  t he  open laboratory were compared, 

no s t a t i s t i c a l  d i f ference was noted due t o  the  g rea t  v a r i a b i l i t y  i n  

t h e  mice i n  t he  second generation ( individual  da ta  a re  3.8) 7.5, 
ll.1, 13.6 and 14.6 f o r  group 33). However, t h e  uniformity of the  

f irst  (group 9) and t h i r d  generations (group 35) did  allow a 

s t a t i s t i c a l  d i f ference ( p  = <0.001) t o  ind ica te  t h a t  the  f i r s t  

generation mice were s l i g h t l y  anemic. This anemia was confirmed 

when these  first generation mice were compared with mice fed autoclave8 

laboratory chow (p  = 0.016 f o r  groups 9 and 13). Since some second 

generation mice fed gamma i r r ad i a t ed  d i e t  appeared t o  be anemic, the  

di f ference between second and t h i r d  generation mice (groups 33 and 35) 
fed  gamma i r r ad i a t ed  d i e t  appears t o  be r e a l  despi te  the  p value of 

0.078; v a r i a b i l i t y  i s  very high i n  groups where some mice a re  anemic. 

I n  t he  first, second and t h i r d  generations no s t a t i s t i c a l -  

d i f ferences  were noted between hemoglobin values of mice fed i r r ad i a t ed  

d i e t  i n  i so l a t ed  conditions. A similar statement could be made f o r  

the th ree  groups fed laboratory chow. The s l i g h t  anemia of t he  f i r s t  

generation mice i n  i so l a t i on  was confirmed when group 8 and 12 werre 

compared (p  = 0.041). No s t a t i s t i c a l  d i f ferences  were noted between 



any groups fed  i r r ad i a t ed  d i e t  excepting groups 9 and 35. No 

differences were noted between gamma i r r ad i a t ed  d i e t  and untreated 

d i e t  i n  t he  second o r  t h i r d  generation i n  t he  open laboratory (:compare 

group 33 t o  34 and 35 t o  36 respectively),  

White Zlood Cel ls  

The white blood c e l l  count of first generation mice fed  non-treate2 

Apollo d i e t  w a s  higher than t h a t  of second o r  t h i r d  generation mice fed  

t h e  same d i e t  o r  f i r s t  generation mice fed t he  garma i r r ad i a t ed  d i e t  or  

mice fed  laboratory chow  able 8); t h e  highest  p value i n  these  

coraparisons was 0.017. The white blood c e l l  count of first generation 

mice fed  t h e  gamma i r r ad i a t ed  d i e t  i n  t he  open laboratory (group 9) 
was somewhat higher than  t h a t  of t h e  second generation mice i n  group 35 

(p  = 0.025) and it was d e f i n i t e l y  lower than t h a t  of t h e  t h i r d  generazic-  

mice (p  = < 0.001): t he  white c e l l  count i n  mice of group 35 was so high 

t h a t  a l l  comparisons with it gave s t a t i s t i c a l l y  s i gn i f i c an t  differences 

excepting with mice fed autoclaved laboratory chow (p = 0.320 f o r  the  

comparisons of groups 8 and 13). The f i r s t  generation mice fed g m z  

rad ia t ion  s t e r i l i z e d  d i e t  i n  i so l a t i on  had a lower white blood count 

than  did  those fed t he  same d i e t  i n  t h e  open laboratory ( p  = (0.001 

f o r  groups 8 and 9):  any poss ible  difference i n  t h e  second generatiovl 

was masked by t he  very high v a r i a b i l i t y  i n  t h e  second generation. Ro 

change i n  t h i s  respect  was noted i n  t he  laboratoly chow fed  animals 

( p  = 0.62 f o r  groups 12 and 13). A l l  mice fed gamma i r r ad i a t ed  Apollo 

d i e t  i n  i s o l a t i o n  showed a consis tent  1017 white blood count with no 

s ign i f i c an t  change from one generation t o  t h e  next. I n  the  second 

generation no di f ference was noted between mice fed untreated and g m % .  

i r r ad i a t ed  d ie t .  

Serum Pro te in  

Data from the  e lect rophoret ic  pa t te rns   able 9) indicated t h a t  

the t o t a l  serum pro te in  of mice fed gamma-irradiated d i e t  i n  the  open 

laboratory seemed t o  vary more than did  those fed  untreated d i e t  o r  

those fed  i r r ad i a t ed  d i e t  i n  the  i so la to r .  The f i r s t  generation of 

these  mice (group 9) showed a somewhat high quant i ty  of t o t a l  serum 

p ro t e in  while t he  second generation (group 33) had a low serum prote in  

and t h a t  of the  t h i r d  generation mice (group 35) was somewhat low cozpa~s5  
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t o  t he  o ther  groups i n  t he  t h i r d  generation. This lowered serum pro te in  

seemed t o  be re f lec ted  i n  both albumin and globul in  f r ac t i ons  on a g r m  

basis .  The alpha-2 globulin of t h e  first generation mice fed i r rad ia ted  

d i e t  i n  i s o l a t i o n  (group 9) appeared t o  be somewhat low, and on a 

percentage of t o t a l  p ro te in  b a s i s  the  alpha-1 giobul in  of these  mice 

was low: t h i s  f r a c t i o n  was lowest i n  second and t h i r d  generation mice 

f ed  t h e  i r r a d i a t e  d i e t  (groups 33 and 35). Both second and t h i r d  

generation mice fed t h e  gamma-irradiated d i e t  i n  the  open laboratory 

showed a low t o t a l  beta-globulin pat tern .  I n  these  mice it was 

d i f f i c u l t  t o  separate be ta -1  from beta-2 globulins. The be ta -1  

globul in  of mice fed gamma-sterilized d i e t  i n  i s o l a t i o n  appeared t o  

be low; when compared t o  t h a t  of t h e  first generation, t he  second 

generation was d e f i n i t e l y  low. I n  a l l  generations mice fed gem- 

i r r ad i a t ed  d i e t  i n  t he  open laboratory showed a lower quant i ty  of 

gamma globul in  than was found i n  t he  o ther  two regimens. The albumid 

globublin r a t i o  was somerihat high f o r  t h e  t h i r d  generation mice fed 

t h e  gamma-irradiated d i e t  i n  t he  open laboratory. This w a s  not found 

t o  be t r u e  f o r  second generation mice o r  f o r  mice fed  gama-i r radia ted 

die t  i n  the  i so la to r .  Pooled samples were used f o r  t h i s  work; therefore ,  

individual  va r i a t i on  and s t a t i s t i c a l  s ignif icance could not be 

determined. 

Parameters of Defense 

A va r i e ty  of defense parameters were studied i n  the  mature young 

mice al able 10). The r e l a t i v e  weights of the  l i v e r  p lus  spleen increasec 

with each generation excepting t h a t  of group 32. The phagocytic index 

of mice i n  a l l  regimens showed a somewhat decreasing pa t t e rn  v i t h  the  

second and t h i r d  generation being lower than t h e  generations preceding 

them. It i s  probable t h a t  sheep red blood c e l l s  hemagglutinin t i t e r s  

were t he  same throughout t h e  three  generations, excepting t he  poss ib i lL t ;~  

t h a t  mice fed the  gamma-irradiated d i e t  i n  t he  open laboratory consistex;l,- 

had a s l i g h t l y  lower t i t e r  than the  other  groups. The serum complement 

t i t e r s  of animals fed untreated and gamma-irradiated d i e t s  i n  the  open 

laboratory were comparable. The serum complement of mice i n  i so l a t i on  

reached a higher t i t e r  i n  a l l  th ree  generations than was found. i n  o ther  



regimens. The reason f o r  t h i s  d i f ference i s  not obvious. The negative 

i n t e r f e ron  t i t e r s  found throughout a l l  regimens i n  a l l  generations i n  

mice which have not been challenged with a v i rus  in fec t ion  was expected, 
a 

Comparison of Analytical  and Biological  Evaluation 

The a n a l y t i c a l  da ta  ind ica te  t h a t  rad ia t ion  of t h i s  dry ApoUo 

d i e t  d id  not ser iously  decrease i ts  nu t r ien t  content. Hist idine was 

t h e  only  nu t r ien t  which sustained a l o s s  g rea te r  t h a l  1%. A paper 

comparison of recommended allowances with nu t r ien t s  present suggested 
\ 

t h a t  t h e  d i e t  would probably be adequate f o r  man; however, it would 

appear t o  be d e f i n i t e l y  def ic ien t  i n  minerals and vitamins f o r  mice. 

Many nu t r i en t  requirements f o r  mice have not been wel l  es tabl ished and 

it seems probable t h a t  some of  t he  recommendations a r e  too high. 

The general  r e s u l t s  of t h e  b io log i ca l  t e s t  suggest t h a t  both gamma 

i r r a d i a t e d  and untreated Apollo d i e t s  were adequate f o r  mice over th ree  

generations. I n  general  each succeeding generation of mice appeared t o  

be b e t t e r  than t h e i r  predecessors and t h e  rad ia t ion  s t e r i l i z e d  d i e t  

provided fewer abnormalities than did  t h e  non-s ter i le  d i e t  ( t h i s  

r e f e r s  pr imari ly  t o  t h e  poor reproduction and t he  h i s to log ic  suggestions 

of i n f ec t i on  with lowered microbial  defense parameters seen in .  group 10). 

The anemia observed i n  t h e  f i r s t  generation mice fed  non-treated d i e t  

was apparently a l l ev i a t ed  when f i b e r  was added t o  t he  d ie t .  The added 

var iab le  of s t r i c t  b io i so la t ion  did not seem t o  adversely a f f e c t  

s p e c i f i c  r e s u l t s  excepting i n  t he  first generation mice when h.umidity 

may have been high. Although many s t a t i s t i c a l l y  va l id  di f ferences  were 

noted when comparing r e s u l t s  from severa l  parameters, t he  oversall viev 

remains: th ree  generations of mice were successful ly  fed  comminuted 

Apollo d i e t  with o r  wit%out i r r a d i a t i o n  s t e r i l i z a t i o n .  Similar r e s u l t s  

with i r r ad i a t ed  d i e t s  trere reported by Luckey e t  al. ( 7 ) ,  Metl-ikskii 

e t  al. (16), Ley e t  al. (17) and Paterson and Cook (18). -- 
A study of rad ia t ion  s t e r i l i z e d  d i e t  i s  re levant  t o  space foods 

s ince  some s t e r i l i z e d  food items were used i n  the  Russian Space Program 

of Soyl~z 4 and 5 and other i r r ad i a t ed  foods a r e  planned (19). The bulk 

of l i t e r a t u r e  shows high nu t r ien t  l o s s  occurs during i r r ad i a t i on  i n  

d i e t s  with r e l a t i v e l y  high water content. This was conf'irmed f o r  vitamin 

l o s se s  by Coates e t  a l .  (20). Unless other  f ac to r s  such a s  s t r e s s  o r  



microflora changes a r e  involved, t he  remaining problem would be 

as t ronaut  acceptance of t h e  d i e t .  This has been a problem with the  

Apollo program and as Lepkovsky (2 )  indicated, acceptance of the  d i e t  

i s  influenced both by motivation and by conditions. H i s  conc:Lusion 

was t h a t  a ccep t ab i l i t y  of a d i e t  cannot be t e s t ed  except under t he  

condi t ions  of use. 

The r e s u l t s  suggest t h a t  present ly  t he  evaluation of d i e t s  by 

comparison of ana ly t i c a l  da t a  with nu t r ien t  allowances i s  a more 

r igorous t e s t  than i s  the  b io log ica l  evaluation. This i s  p a r t i a l l y  

due t o  t h e  s a f e ty  f ac to r s  b u i l t  i n t o  t he  nu t r ien t  allowances and 

t h e  adap t ab i l i t y  of l i v ing  organisms t o  somewhat adverse condi.tions. 

Nevertheless, t he  r e s u l t s  suggest mouse d i e t a ry  allowances a r e  high. 

The conclusion t h a t  t he  a n a l y t i c a l  method of evaluation i s  ~ a t ~ i s f a c t o r y  

reverses  t h e  concensus of the  evaluation of K-ration 25 years ago, 

This mark of maturi ty of n u t r i t i o n a l  science r e f l e c t s  the  increased 

knowledge s ince  t h a t  date  and leads  t o  confidence t h a t  d i e t s  which 

a r e  calcula ted t o  be adequate w i l l  be nu t r i t i ona l l y  s a t i s f ac to ry  under 

normal conditions. Diet s t e r i l i z a t i o n  by gamma rad ia t ion  d id  not change 

t h i s  result. However, b ios io la t ion  of mice resu l ted  i n  high mortal i ty,  

B io i so la t ion  deaths previously reported have been a t t r i bu t ed  t o  

poor d i e t s  o r  t o  changes i n  t he  i n t e s t i n a l  f l o r a  (5). About 30$ 

of our  mice i n  i so l a t i on  died when fed  t he  autoclaved stock d ie t .  

Therefore, spec i f i c  def ic ienc ies  of the  Apollo d i e t  cannot be held 

e n t i r e l y  responsible f o r  these  deaths which a r e  characterized by the 

suddeness and completeness v i t h  which a l l  animals caged. together w i l l  

die. Although some animals have shown in fec t ion  when examined a f t e r  death, 

most animals, moribund o r  dead, were found t o  have no infection.  Since 

germfree animals fed the  Apollo d i e t  did not  d i e  (21),  t he  environment, 

a s p e c i f i c  d i e t  and inf'ection a r e  e f f ec t i ve ly  ruled out as individual  

causes of death. The dramatic changes i n  hemaglobin values caused by 

spec i f i c  microflora i n  gnotobiotic mice (21) mirrored t h e  e f f e c t  of adding 

f i l t e r  paper bedding i n  these experiments. Although evidence of shock 

was not seen at autopsy, t h e  speculation remains t h a t  the  combination of 

a marginal d i e t  p lus  the  changes i n  t h e  microflora plus  t he  confined 

environment (with high humidity) must have surpassed some l i m i t  of 

adap t ab i l i t y  andlor v i a b i l i t y  t o  cause the  sudden b io i so la t ion  deaths,. 
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Purina Lab Cho~7 5010C Autoclavable from Purina M i l l s ,  St. Lo.uls, 
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CRL-O-1 ( H ~ I C R )  Swiss mice obtained from the  Charles River Breeding 

Laboratory, llilmington, Massachusetts. 



FIGURE 1 

EFFECT OF COBALT GAWilA RADIATION UPON SPOF33S OF 

BACILLUS STEAROTHERVOPHILUS AKD BACILLUS SUBTILIS 

I 
The four th  l i n e  from t h e  o rd ina te  ind ica tes  t h e  most r e s i s t a n t  



Maximum Variants 

7 ,/-. 10 B. Stearothermophilus 
5 ......, 10 B. Stearothermophilus 
6 ---,. 10 B. Subtilis 

X lo6 Rads 



GROWTH CURVES OF MTCE 

The f irst  generation s t a r t e d  with 8 males and 12 females 

per  group; t he  second generation had 22, 23 and 9 mice f o r  gjroups 

34, 33 and 31 respectively.  Average values f o r  body weight a r e  

p lo t ted  on t he  ordinate with time on the  abscissa. The groups 

a r e  i den t i f i ed  below : 

Groups S.ymbo1 Diet Diet treatment Environment 

8, 31 Apollo y Radiation Bioisola t ion 

9,33 Apollo y Radiation Open 

10, 34 Apollo Untreated @en 

12 X Lab Chow Autoclaved Bioisola t  ion 

13 o Lab Chow Auto c laved Open 

14 Lab Chow Untreated Open 
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CATEGORY 

Meat Bacon Squares 
Beef and Gravy 
Beef Sandwich 
Beef Pot Roast 
Beef and Vegetables 
Beef Barbecue Bi tes  
Beef Hash 
Beef Stew B i t e s  
Canadian Bacon and Applesauce 
Chicken Salad 
Chicken and G r a v y  
Cream of Chicken Soup 
Sausage P a t t i e s  
Salmon Salad 
Shrimp Cocktail  
Tuna Salad 

Cereals Cinnamon Toasted Bread Cubes 
Corn Flakes, Sugar Coated 
Corn Cho-i.rder 
Toasted Brea.d Cubes 
Toasted O a t  Cereal 

Vegetables Pea Soup 
Pota to  Salad 
Po ta to  Soup 

F r u i t  St ravberry  Cubes 
Peach Bars 
Apple sauce 
Apricot Cereal  Cubes 
Drink, Breal~f ast 
Drink, Grapefrui t  
Drink, Orange 
Drild:, Orange -Grepef ruit 
D r i n k ,  Pineapple -Gi-ape fruit 
Frui t  Co c!;t a i l  

Dairy Cheese Sand.~?ich 
Cocoa. 

Sveets B a n ~ ~ n a  Pudding 
I3ro1mi.e~ 
Butterscotch Puddiw 
Cllocolnte Pudding 
Chocolate Cubes 
Date Fruitcalrc 
Gingcyl>~ecid Cubes 
Pineapple F ~ u i t  cake 
Sucar Cookies 



PROXIMATE ANALYSIS OF AF'OLIQ DIET 

It e m  - 
H20 

Fiber 
Fat 
A s h  

N2 
Prot. (Cmde) 
Total  
(330  i iff.) 

Energy ~al/gm 

Non-Sterile Irradiated Difference 

3.2 + 0.3 

0.7 - 0.2 

14.4 0.0 

3.5 0.0 

2.83 - 0.06 

17.7 + 0.4 

39.5 
60.5 
4.42 



E T ; E m A L  ANALYSIS APOLTX) DIET 

Mouse I Element I Apollo Diet  ( 3 )  Man 

(1) A l b r i t t i n  (14)  for a 25 gm mouse. 
( 2 )  Calculated from t h e  average of t h e  values from t h e  non- i r radia ted d i e t  trere da t a  are ava i l ab le :  

asstme k00 gm per  day Tor one nian and 4 gm f o r  one mouse, 
( 3 )  The f i r s J~  4 rninerals vcrc  clctcrmincd by chemical methods, t h e  o thers  by s p e c t o ~ r a ~ ! ~ ~  'uy D r .  G. \7. Gchrlie. 

and E. Pi cl:e i, t , ricp::rl,lncnt of Acricul t~xrc  C%cln.i.st;~y, Ul1.i veu:;.i l,y o r  Mis::ouri, Col~ui:l, i n ,  Sce f ooClzotc 6,. 
(21 ) dn i l y  ~ ' ( ~ c o n ~ ~ i i c ~ ~ ~ t i c - t i  i~lloxl:utcc (15). 



AMINO A C I D S  

Amino Acid 

-- 

Isoleucine  

Phenylalanine , 

Hyd r0xyprolTn.e 

- -- - - - - - - - - --, 

(1) "Requirements" for 20% p 
(2) Analyses from G. W. Gehrke, Dept. Agr. Chemistry, Univ. of Missouri using gas chromatography on 

acid hydrolysate; see footnote 6 for methodology. 
(3 )  DJRC n l l o t ~ f u ~ c i ~  (13) 
( 1 1  ) f ~ i ~ ~  i,i ~ I I ~ ~ > v ~ ~ I ~ ~ , I  ~ L I ~ ~ I I I ,  I ~ ~ O O  ~ , ~ t t ~ t , * / ~ ~ ~ i  I J I '  j i o l i - I  I * I * ~ L I I  ~/LI,,!,I / \ / J , ,  I II! , I  i , b l , ,  



TABB 5 

VITAMIN COPJTENT OF APOLLO DIET 

1 Vitamins Mouse I Apollo Diet, mg/100 gm (3 

Allowance 
w/day( 1 )  

I Non-Irradiated Irradiated 
I 

- - -  L -- +--- I Reduced Ascorbate I 56.0, 57.0 
I 

1 51.0, 50.5 1 3.2 

I 
0.07 0 . 0 1 2  IRibof lav in  1 0.286, 0.288 / Ave. 0.287 

Ascorbic Acid 1 79.6, 79.6 
i Ave, 79.6 

0.253, 0.258 
Ave. 0.255 

0.035 i oaoo6 

I vitamin A (5) 

79.3, 79.6 
Ave. 79.45 

0.035 

0.26, 0.27 
Ave. 0.27 

Thiamin 1 0.15, 0.15 
j Ave. 0.15 
q 

0.020 1 Pantothenate 1 0.488, 0.496 1 0.466, 0.496 
i Ave. 0.492 / Ave. 0.481 
i I 

0.15, 0.15 
Ave. 0.15 

0.007 

0.0175 / 0.0009 1 Folate 1 0.0236, 0.0220 / 0.0236, 0.0236 
1 j Ave. 0.0228 ; Ave. 0.0236 

I Man 

Vitamin B6 / 0.166, 0.168 
[ Ave. 0.167 

0.162, 0.166 
Ave. 0.164 

(1) Recommended Allowance f o r  25 gm mouse (14). 

( 2 )  Calculated from irradiated Apollo D i e t  assuming 4 gm diet/day. 
(3)  Data from WARF Analyses; see footnote 6. 

(4)  NRC Recommended Allowance 1968 f o r  men 22-55 years of age (13). 

(5) I U  have been converted t o  mg us ing  the  r a t i o  of 1 IU = 0.3 ug. 

1 Loss 
% 

10.1 

0.19 

Allowance (4) 
mg/ day 

60 

mg/400g 
- d i e t  -. - - - - -- - . 

320 



1 ,  
SURVIVAL, -CE, riEPRODUCTION AND WTATZON ~ 

I 

Wgt.Ave., Mice 
pimen Group No. nm 2 1  d&vs Deaths(2) Fur(3) Skin(4) L i t t e r s  Weaned Health  observation^'^). , 

1st Gen. 
Open Lab. s 10 20 10.7 1 0 -1 0 2 11(6) Good and ac t ive  throughout. Some look anemi 

Open + y Diet 9 20 10.3 2 0 -1 0 6 35 A s  above. Fur looks be s t  of a l l  at 2 mo. 
Maturing well. 

Zsol  + Diet 8 20 

2nd Gen. (7) 

11 3-5 2-4 6 9 Good at  start. Look s i c k  at  one week. 
Improvement at  2 months. Sporadic deaths. 

7 12(8) OK at  start. LOOX ill a t  2 months. 

Open + y Diet 33 23 7.6 0 0 '0 4 12 OK at  start. Look anemic. Bet ter  than GP 

I s 0 1  + y Diet  31 9 10.5 

3rd Gen. 

Open ~ a b  36 4 5.9 
Open + y Diet 35 l2 5.9 

Is01 + y Diet  32 20 11.0 

3 20 Good throughout. 

Good throughout. 

Good throughout. 

OK mti l  cas tas t rophic  
when 19  died. 

1 s t  Gen. 

Open + Lab Chow 14 19 14.0 0 0 0 7 34 Normal 

Open + Claved Chow") 13 20 13-9 0 0 0 5 1 Normal 
* 

I\: 
c 

deaths at 2 weeks 

I s 0 1  + Claved Chow 12 20 13-7 6 0 0 2 12 OK u n t i l  bedding i n  one cage became wet; 
then  a l l  5 died i n  24 hours. One died 
a f t e r  cage bebame wet. 

( 1 )  Number of mice s ta r ted ;  low number r e f l e c t  poor reproduction o r  l a c t a t i o n  i n  p rev i  s generation. 
(2 )  Deaths p r i o r  t o  autopsy at about 2 months corrected t o  20 micelgp. 
(3)  Fur l o s s  scale :  0 = normal, 5 = completely nude. 
(4) Skin erythema scale:  0 z none, 4 = severe erythema with edema. 
(5) Health is a summary of recorded weekly observations including general  appearance, s ture ,  s i ze ,  f u r  coat, skin, 

ears ,  eyes, nares, tai l ,  limbs, r e c t a l -gen i t a l  a rea  and response t o  i r r i t a t i o n .  s e  were not recorded f o r  mice 
fed laboratory chov. 

(6 )  This l i t t e r  of ll was born when dam was 104 days of age. This l i t t e r  did not appe o be healthy and severa l  
died before 2 months. 

( 7 )  These mice were provided with bedding at reproduction: f i l t e r  paper f o r  those fed 110 d i e t  and s an i - ce l l  
f o r  those fed laboratory chov, 

( 8 )  Eleven animals from group No, 9 were used t o  begin t he  second generation group No. 34 
(9) Claved designates autoclaved. 



FOOD EFFICIENCY DATE 

( ~ i v e  mice per cage taken during t h e i r  5th week of l i f e )  

. --- BODY WEIGHT 1 -------- ___1__--- I 6 , FOOD, G / G GAIN X 190 1 AVERAGE AND 
GROUQ 1 CAGE I SI'AKC / END I CHANGE 1 START 1 WASTE / ENDic I USED FOOD I STD. DEVIATION 

-1-- - -- ---- - ,,.*A 

-*------A- 
_---- _. . -- - 

8 A 53.6 71.2 17.6 110.8 66.5 66.5 44.3 39.7 
y D i e t  B 63.9 84.3 20.4 104.7 49.1 49.1 55.6 36.7 36.9 

+ c 55.2 66.1 10.9 128.0. 85.1 85.1 42.9 2 5 . 4 ~  2.71 
Bioisolation D 59.8 81.6 21.8 111.2 39.7 47.6 63.6 34.3 

9 A 63.8 95.1 31.3 108.8 32.6 32 77- 40.6 
y Diet B 57.1 83.2 26.1 112.3 41.7 41 71 36.7-'MC 39-6 

C 64.1 94.9 94.9 119.4 41.8 41 78 39.5 0.91 
D 66.2 96.5 96.5 111.6 35.1 34 78 38.8 

10 A 56.1 94.1 38.0 103.8 31.8 3 1  73 52.7 49.8 
D i e t  un- B 56.9 93.1 36.2 116.3 41.1 40 76 47.6 2.62 

t rea ted  C 68.4 96.6 28.2 105.9 32.7 32 74 3 8 . w  
D 62.3 99.6 37.3 118.2 42.9 42 76 49.1 

12 A 108.3 120.3 12.0 128.5 45.2 44 85 14.2 
Claved B 108.3 105.5 - 2.7** 177.6 84.4 82 96 - 
b'ioisolation C 108.3 121.7 12.9 172.6 74.4 72 101 12.8 

D 116.2 126.7 10.5 157.9 65.6 64 94 91.2 

13 
Claved 

14 A 123.2 130.8 7.6 129.6 42.4 34.0 95.6 8.0 
Chow untreated B 119.8 127.5 7.7 111.7 23.4 16.4 95.3 8.1 

c 115.9 122.3 6.4 120.0 30.8 21.6 98.4 6.5 7.5 
D 95.5 104.1 8.6 121.7 52.6 46.6 75.1 1 1 . 5 ~  0.9 

*END s Waste corrected f o r  f e c a l  contamination. Sometimes w$ed food could be collected with no contamination. 
Where data could not be obtained,$ of t he  d r i ed  waste was deducted (groups 9, 10 and 12). 

q h e s e  values were deleted i n  fur ther  calculations because they were more than 3ffrom the mean, 
*+Water not available last day, 



TABLE 8 

HEMATOIQGY OF MICE 

Diet  Environs m, % 
3 mc/mm 

w E E c - N M_ Q: 
1st Generation Apoll-o Diet 

Untreated, open 10 5 10.1 3.28 3 498'7 256 

y Radiated,  open 9 6 14.0 0.40 3 3997 319 

y Radiated, i so l a t i on  8 4 13.9 0.47 3 1540 110 

2nd Generation Apollo Diet 

Untreated, open 34 4 10.8 1.85 4 2195 1341 

y Radiated, open 33 5 10.9 4.47 3 2676 63 5 

y Radiated, i so l a t i on  3 1  3 13.8 1.31 3 212'7 606 

3 r d  Generation Apollo Die t  

Classic 36 5 15.6 0.52 3 245'7 337 

Classic + y D i e t  35 4 1 6 , ~  0.77 3 7333 445 

classic + y + i so l a t i on  32 2 16.3 1.77 ' 2 2070 6 50 

1st Generation Lab Chow 

Untreated, open 14 2 16.4 0.21 2 3550 495 
Autoclaved, open 13 3 15.7 1.09 3 6833 3818 

Autoclaved, i so l a t i on  12 3 16.0 1.01 3 5400 1411 





1st Generation 

Lso.- y d i e t  

2nd Generation 

)pen-untreated 34 
Spen- y d i e t  33 
Lso. - y d i e t  31 

3rd Generation 

Cso. - y d i e t  

* Homogeneous double peak i n  t h i s  region 
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APOLLO DIET EVALUATION: A COMPARISON OF 

BIOLOGICAL AND ANALYTICAL METHODS INCLUDING 

BIOISOLATION OF MICE AND RADIATION OF DIET 

T. D. Luckey, M. Bengson and M. Smith 
Department of  Biochemistry, Univers i ty  o f  Missouri 

School of  Medicine, Columbia, Missouri - 65201 
Bioscience Sect ion ,  Space Technology Center,  

General E l e c t r i c  Co. Valley Forge, Pennsylvania - 
19104 and Manned Spacecraft  Center,  NASA, Houston, 

Texas - 77058 

Methods Deposited with t h e  Edi tor  of t h e  J. Nutr. f o r  t h e  Americar~ 
Socie ty  f o r  Information Service (ASIS). 

Proximate 
Analysis : F a t ,  f i b e r ,  ash ,  water .  Na+, K+,  Ca++, Phosphores 

and n i t rogen : "Book of Methods", Associat ion of 
O f f i c i a l  Agr icu l tu ra l  Chemistry, Washington, D ,  C. 
l o t h  ed. ,  1965. 

Mo and Co: R.  L. Mi tchel l ,  "The Spectrographic Analysi of S o i l s ,  
P l a n t s ,  and Related Materials" ,  Tech. Corn. 44 :, 
Commonwealth Bu. S o i l  S c i . ,  Harpenden, Her ts . ,  
England, 1948, and E. E. P i c k e t t  and B. E. Hankins, 
Anal. Chem. 30, 47-50 (1958). --- 

Zn, Fe, fh, Mg: W.  T. Elwell  and J .  A. F. Gidley, "Atomic-Absorption 
Spectrophotometry", Pergamon Press ,  London, 2nd ed. ,  
1966. 

S ,  Thiamine and 
Riboflavin:  "Of f i c i a l  Methods o f  Analysis1', A.O.A.C., Washington, 

D.  C . ,  10 th  ed . ,  1965. 

"Standard Methods of  C l i n i c a l  Chemistry", Vol . 3, D o  
Sel igson,  ed . ,  p. 81. Academic P r e s s ,  New Yorli;, 1961. 

Vitamin B-6: Atkins , Schul tz ,  TJi l l iams and Frey,  Ind. and Eng. 
Chem., Anal. Ed., 15 ,  1 4 1  (1943) (s. c a r l s b e r g e n s i s ) .  

Pantothenic ac id :  Nielands and Strong,  Arch. of Bio. 19 ,  2 (1948). 

Fo l i c  ac id :  A . O . A . C . ,  830 (1955) 8 th  ed. 

Vitamin A: Carr-Price Blue Color, Methods of Vitamin Assay, Assn. 
of Vitamin Chemists, Inc . ,  In te r sc ience  Pub l i she r s ,  
I n c . ,  N .  Y . ,  25 (1951). 

@-carotene: Moore and Ely,  Ind. Eng. Chem., Anal. Ed., 13, = 600 
(1941). 

Ascorbic Acid: J .  Biol .  Chem. 160, 217 (1945). 



Amino Acids: Roach, D. and C. W. Gehrke 1969 The GLC Chromatography 

of amino acids. J. Chromat. 43 :303. 

Histology w a s  performed with t i s s u e s  f ixed i n  10% formalin and 

s ta ined  with e i t h e r  MacCallum-Goodpasture s t a i n  o r  Hematoxylin and 

Eosin. Hemoglobin was determined by the  d i r e c t  i r on  determination. 

Serum pro te ins  were determined by in tegra t ion  of t h e  curves obtained 

by paper e lect rophores is  ( ~ p i n c o  ~ a n u a l )  . 
Compliment t i t e r  w a s  determined by t he  Brucella abortus react ion 

mouse s e r a  and human 0 Rh+ ce l l s .  Nishioka, K. J. Immunol. 90: 96, 1953. 
Phagocytic Index was determined by carbon clerance. 

In teferon - Determined on a non-challenge ba s i s  by Dr.  R. F:. Rafajko, 

Director  of Research of North American Biologicals,  Inc., Rockvi.lle, Md, 

20852, using t he  assay with vesicular  s t oma t i t i s  v i rus  reductionl by the  

method of Habel, C. and N. Salzman, "Fundamental Techniques i n  Virus 

Research", Academic Press,  N. Yo, 1970. 



APOLLO DIET EVALUATION: A COMPARISON OF 

BIOLOGICAL AND ANALYTICAL METHODS INCLUDING 

BIOISOLATION OF MICE AND RADIATION OF DIET 

T. D. Luckey, M. Bengson and M. Smith 
Department of Biochemistry, Universi ty of Missouri 

School of Medicine, Columbia, Missouri - 65201 
Bioscience Sect ion,  Space Technology Center, 

General E l e c t r i c  Co., Valley Forge, Pennsylvania - 
19104 and Manned Spacecraft  Center,  NASA, Houston, 

Texas - 77058 

Food panel  d a t a  deposited wi th  t h e  Edi tor  of t h e  J .  Nutr. f o r  t h e  American 
Society f o r  Information Service ( ASIS ) . 



Item 

- 2 -  

TABLE I 

TASTE PANEL EVALUATION OF IRRADIATED AND NON-IRRADIATED FOODS 

Difference S t  andardl 
Category Mean Median Deviation Range - 

Salmon Salad #1 
0 7 .1  7 -99 6-8 

Salmon Salad #2 7.3 7 1.16 5-9 

Cream of Chicken Soup #1 0 5.4 6 1.84 1-8 
Cream of Chicken Soup #2 5.7 6 1.95 1-8 

Sausage P a t t i e s  #1 
0 7-25 7 .75 6-8 

Sausage Pa t t i e s  #2 7-17 7 1.11 5-9 
Pineapple-Grapefruit D r .  #1 0 6.57 7 -53 6-7 
Pineapple-Grapefruit D r .  #2 6.86 7 .38 6-7 
But ters  cot  ch Pudding #1 

1 5 -71  6 1.38 4-8 
Butterscotch Pudding #2 7.14 7 .69 6-8 
Shrimp Salad #1 

1 
6.66 7 1.66 4-8 

Shrimp Salad #2 6 6 .87 4-7 
F r u i t  Cocktai l  #1 

1 7.4 8 -97 6-9 
F r u i t  Cocktai l  #2 6.8 7 1.68 4-9 
Beef Pot Roast #1 

1 7.3 7 1.34 5-9 
Beef Pot Roast #2 7.7 8 1.25 5-9 
Orange-Grapefruit D r .  #1 6 7 1 . 8 3  2-8 
Orange-Grapef r u i t  D r .  #2 1 7.22 8 1.64 4 -9 
Banana Pudding #1  6 7 1.56 3-8 
Banana Pudding #2 1 5.4 6 1.67 3-8 
Orange J u i c e  #1 1 6.75 7 1.04 5-8 
Orange J u i c e  #2 6.55 6 1.42 4-9 
Applesauce #1 

1 6.7 7 9 5-8 
Applesauce #2 6 . 1  6 99 4-7 
Bacon Bars #1 

1 
6.4 6 1.07 1-8 

Bacon B a r s  #2 7 4 7 1.07 6-9 
Toasted Bread Cubes #1 2 4.2 4 1.87 1-7 
Toasted Bread Cubes #2 6.2 6 1.55 4-8 
Corn Chowder #1 2 4 71 5 1.79 2-8 
Corn Chowder #2 6.75 7 .88 6-8 
Cocoa #1 5.12 1.64 4-8 
Cocoa #2 3 6.5 7 1 .41 4-8 
Cheese Cracker Cubes #1 3.7 4 1.16 2-6 
Cheese Cracker Cubes #2 3 6.6 7 1 .35 4-9 

#1 - I r r a d i a t e d  
#2 - Non-Irradiated 
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January 14,  1970 

MEMORANDUM TO: D r .  M. C .  Smith 
2 ,  

FROM : D r .  C .  S. Huber 

SWJECT : Taste Panel Evaluation of I r radia ted and Non-irradiated Foods 

Samples of i r rad ia ted  and non-irradiated foods, which were used t o  feed mice 
i n  an invest igat ion conducted by General E l ec t r i c  under Contract NAS 9-9000, 
were evaluated by a s e r i e s  of t a s t e  panels i n  the  Food and Nutri t ion Laboratory. 
Two samples, i r r ad i a t ed  and non-irradiated,  were evaluated f o r  each spec i f ic  
food item. The r e s u l t s  of the  evaluation a r e  included i n  Table I. 

Seventeen s e t s  of samples were evaluated. The non-irradiated sample received 
a higher preference r a t i n g  f o r  11 food items. The di f ference between t r e a t -  
ments was qu i te  noticeable f o r  the  cube items. The i r r ad i a t ed  cheese cracker 
cubes and t o b t e d  bread cubes were darker i n  color  than the  non--irradiated 
samples. The i r r ad i a t ed  banana pudding and milk were a l s o  darker i n  color,  
Some of t he  darkening may be a t t r i bu t ed  t o  the  heat  which i s  generated dar ing  
the  i r r a d i a t i o n  process. 

The i r r ad i a t ed  salmon salad and shrimp salad had a ve'ry br ight  co lor  end a l so  
a more pronounced f i s h y  f lavor .  

The i r r ad i a t ed  milk sample was not evaluated by a t a s t e  panel because it had 
a very offensive odor. It was d i f f i c u l t  t o  rehydrate both samples of milk. 



 or^; IS\.OI.\.YS I stti(Iie> T\'Iic~i diet is ;rtli~linihtc*~ctl. t l iv  I I I ; I ~ I . O ~ ) C  G ,,,lely a,] ]i\.iilg sl jccic~ are k i i o ~ r n  lo e1itr~i.i i i o l e  ?', alii(11 is cs i i~ l~) l i i ic i l  11). 
{llc ill\.cstig;l~or; tllis I)].o\.itlcs a ~~lol - ( :  es;lcL g c l - n l f l . ~ ~  lese;lt-('ll. otllcl. r s ~ ~ c l ~ i l ~ ~ l c l l t ~ i I  clc- 
t lcfinit iol~ of tile total en~iironn-icn~ tltsil s ig~ls  ;ire readil?. seen from 111e figj~re.  
TV;IS l)reTiottsly i~os i l j l e .  T l l c  neii, poicutial Finall!-, to re;rcll .s(oic 5 the gerrnil.c:c 
tllat g i lo to l~ io lo~y  b~.iiigs to ccolozy is to 111;lcrobe is j i loct~l;~tc(l  \\'it11 one or  I I ~ O I C  

oljcl, tljc ljiologi(.;t] c.olnl,o~lent of the en- sl~ecies of inicrobes, o r  a neivl)o~-rr r1;isiic- 
\-i~.olllnellt to e s ; ~ c t  qtrn1it:ltive and  quail- animal cats a n d  Itecoines con~aminnletl  
ti(;l[iyc tlcscl.iptioll; tllis :Il]o\\.s l j io lo~ical  ~vit l l  3 ~ l l l t i p l i ~ i r - )  of niicl.ol)es. '\viii!il oi-lc 
st;lll(lnrtli~ation e(lui~.;ilc~lt: to t)lnt avail- Or 1llOl.C p1ll:e clllt'ures of micrc~orgxi~isil-15 
;Iltlc for pll~sic:11 ;llltl (:]lclnicnJ coiltrc~l of 01' m e ~ a z o a n  p;lr:~sitcs are s ~ , ~ c c c s ~ J ~ ~ ~ l l ~ ~  
tile cl lr . iro~l~>lcll t .  'Tllis l)n]-jcl- cxplol ,~ ,  tile establishcct i n  a gel-~nfi-ec host, tliis assc~ci;i- 
j ~ ~ t c r : ~ c t i o i ~  ol ~nicroo~-s :~nisnts  iiloctilatecl tion ma). continue to 1)c tlefiiletl b> g11011-1- 
s ing l~ .  ant1 jn p:lil-s into gcimfrcc mice. biotic criteria. T h c  inocu la~cd  11uit is ~ I ( I  

Solllc colllpo]l(:llts of the ei lr ir .ol~ii~ent I o i l g ~ r  ger~nfi-cc; i t  is one  O L ~ I C I -  CI:!SS or 
ailtl tlleil. ~-e]ations])il)s are prescntcc! ill g l l ~ t ~ h j o t i ~  ol'g;llli~lXls, 2 gllOt~])liOl-c, 
1;ig. 1. 'rile st;ltc of I ~ I ; I C I . O ~ ) C S  sq,:1ratt. f l  on1 'ivliicll carries one  or  inol-e ]<no:\-ii mi(  I o1)ic 
c!s~cl.lln] I,]l)-sic,ll o r  c]lelllic;tl ell\ iron- s p c c i ~ s  ~villl t l i ~  abscncc C J ~  :dl o t l i c ~  \.i;~l,lc: 
IncIlt js rcl,l-cscllte(l 12) ellll)r)o.;: t ] le i~ ,  specic .  T h e  inter;~ction of an  intlt\,itlii;~l 
cll~.irollmcl1t colml>rises matcl.i;i] tliat is ~ ~ i l l l  211 of tllcse f i \ ' C  C~lllp~lleliLh of tli? 
~ l . ; ~ l l s l l l i t ~ ~ ~ j  tllrotlgll a mncl-oljc [lie ell\-ii-oninent ( s f n l c  1" m:iy lje citllcr t l ~ c  
s;l]lle species Tvjl]l 110 C S ~ C I . T I ; ~ ~  p11?-~i(.;11 OL. i nd i~ - idua l  under  coilsitlc!-;~tior~ or  all ; I > -  

c . l~c~n  ical e n \ ~ i ~ . o ~ i l n c n t  sey;!l-xte f rom socintetl mncro1)cs) colnpi iscs 11 is cco! 0s)-. 
~ll(>tllcl.-sel f .  Tll is  csi,erilllcllt;tl lnoclel is T h e  outer cii.cle 1-epi-ese11t;s ti u ~ c  j n tlie 
~ls(:frll ill i1nm~lllolog).. J\'hcll 111al1iillals scll\e of both 1n:jturation ; i ~ - ~ t l  sciciltific 
;rye tlc]iy(:rcd illlo a g~l. l~>rl .cc isolator nlxlipulntion,  a r c ~ r ~ i ~ i c ! e ~  th;it cnch obscr- 
c.~;11.(';111 (j])~l.;lti(:~ll, tile m:lc.lolje i.; taken vatioli rep~-esci~ts one instant i ~ i  tlic life- 

.tt(,[r illto 23 ~yl le le  i t  tralliielltly tiiile of t 1 1 ~  j1ldivitlu:il. 

].cll1:lins lilltil rile ;lnlllioll is 1.cllloi-etl: lllell Revic~vs of t l ~ c  cfTect: of mic~.ooi .g ; t i l j~~i i~  
i{ j], ,5f,[f 3:s. I.lspc].i]~~cn~;l]1! .rtai.: 2% ill 1 i l ~ l l ~ ~ l l ~ l ~ O ~ ) ~ l ~ ~  Il0.its (lvlricii (:il.~.). 
is e c l u i ~ ; ~ l e i ~ t  tr, tlic e n r l ) ~ ) o  ill an egg: 'onl). onc  species of nlicrolje) :ire a v : ~ i l : ~ I j l ~  
teml)cI-;Lftll-e is colllj-o]le(l eso~t . l1~)r~s]y ,  botll 11) host I )  allcl microbc -3j cl;i?.;ific;i- 

\vllcrc;ls outsitlc g;l5r:s o{llcr c l lenlic; t]~ fi011. L.cs5 .\\.(jrk 112s I)cel1 tI0r1c u i i i g  111t)l.c 
]lll~,t p;ks~ tlll-ougll allt] 1 , ~  "ltrocchscd" tllall olle ~nic~.uorg:lni(nl i n  ;t g i \ e ~ i  Iici~i. 
~ u l e , .  stl.1lc,l1rl.es I,cfol.c ,c;lc]?iltg ~ 1 1 ~  clyl- Pllillips (3) alltf \IJcscott. ('I) 11;1\.c cx])lo~.ctl 
I)i.)o. S i n l c  P is ;11so 1icc1 ill i l l l l l l ~ ~ ~ r ) ] ~ ) d y .  the  ii11crrclntionsi1i11s of 1jactcri;i-protcj71-),1. 

c o ~ ~ ~ l ~ i ~ i : i f . i o ~ i s  ill gl~otuljioti(: ; I I I ~ L I I ' L I ~ .  ' I . l ic :  
' I : I O I I I  11!(. I ~ ( . ~ I ; I I ~ I I I I . ~ ~ I  01  I i i o ~ l ~ r t ~ i i \ ~ ~ ~ ,  l:l!i\c~.- c.:lssic lvol-k of ~ ~ ~ a , l ~ ~ l l l i  (.51 s~ lc),\- j i l g  )L,c- 

sitv o f  A f i s \ o ~ i t i  l l ( c I i ( ; ! l  Scl1o{11, (:oI~t~nlji::. ~ J ~ . S J I I I ~  
( i i 2 o  I . tcri;l--1)actcria illtei-;cctioi~ in gilot tli~ioi i c  

1 1 , , , ,  , , . I  I ,  . l c l , , l c  1 , 5 ,  gtli1le:t pigs is revic,~\.c.tl to p r o ~ i i l c  11:iil:- 
J I I I I I I ~ ~ I ~ S I I ~ I I ~ O I I  ( S . ~ S ~ \ . ~ I ( I O O ~ .  g1.0~1id for 1llo1-c I.(:( t.11 t 11.01 k . 
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FIG. 1. E~>~irou~-uenta l  coinponr~lts  nay be sttldicd srp;~ratcly : I I I ~  in \.at.ious co~lll~i~~:rciolrs :IS i~iclic.:~tctl 
Somc of tllc states, represented by nuliibcrs, arc liot u sc f~~ l  without s1,rcial dclincatioii. 7'1ic astrt-isks slio~\. on(. 
of many appro;\clles to the co~r~plcsitics rcprescntcd by b o ~ h  classic and gi~otopl~oric aiii~nals in . \ / o ( i ~ ~ .  .\I! 
enlbryo is i1-1 siofe I* wit11 little input frolrl :illy C I I \ . ~ I - O I I I ~ ~ C I ~ ~ ~  C O I I I ~ U I I C I I I  othrr tlla11 its I I ~ O L ~ C I . .  .2 grr~~l i~ . ( ' c  
colol>); is ill  lair I*. The  outer circle rcprcsents tiinc. 

I\'hen Tan;rmi inocul~ttccl g c ~ m r l e e  
guine'r pigs with a guiIle,l pig st] ail] of 
Esclrr) i ~ h i a  coli, MI, this m i c ~  obe pro- 
dut  etl 11ec1-otic a i d  Ilc~tloi I ha&ic c ~ ~ t e ~  itis 
i n  the irltestille 2nd t 0111~1 bc r c c o ~  ci ccl 
fro111 blood; all t111 ec gttinea pigs tlictl 
witlrin 10 dllys (c.x]~c~-iutc,~lt I ,  T a l ~ l e  I). 
T\'llcn ;t I l~mlan  strain of E. colt, I',;, \<as 
inoculntecl in to  gel-mfrce guinea pigs n o  
tissrrc damage w ; ~ i  n o ~ c t l :  l';tti:~lni fort i~d 
10" l~nc te i i a /g  fcccs ; ~ n d  tlte gtlilic;~ pigs 
sur\ i~.ctl. TZ'llen eqtrnl qrr;tntitics of c;itlt 
strain Irere inoctl1;ltcd illto a s i i~gle  g(21~r1- 
f l  ec gt~iilc,t pig ( r ~ l ~ c * ~  ir11r1r t i), t l ~ c  I I ~ I I I I ~ I I ~  
st1 i1i11 >-apitlly cli\~1111~c;11 ctl :111(1 co~1lc1 11c1t 

l)e foulid in the  fcv c \  ;tJlcl 1 ~ I , I J  s; ( 1 1 ~  

g u i n c , ~  pig tliccl ~ r i t l l  the  s'trne s ) ~ t ~ p t o n l s  
cairwtl 1)) tlrc >I, s t ~ ; ~ i r l .  T\'llc~i llle t ~ z o  
s t :  1 e simult;111eor15ly i l i t ~  0cl11cet1 
into t l l ~ e e  gel ilificc. gui13en pigs 1vi111 tile 

I I I I I I ~ , ~ ~  a l l  '1i11 111 cdomirlnti~lg (cxpr) I I I I ~ , ~ ~  

-/), tltc 11111-11.t11 st1-ili11 S ~ I I L  i\  ed, I V I I C I  C:IS I ~ I C  

RI, st] ain clisirl>~jc;u ctl f l  o111 tllc jecci 
~ i ~ i t h i n  4 clays and  the guillca pigs >rrl- 
1 i i  ctl. A t ompal a l ~ l c  I eiult \\',is foun tl 
svllen c i t h e ~  Lrr~/obncillrts bi/rtllc\ cl I-(!( io- 

Zlacilllis ncidop7rilus . I V , I ~  inoc ( ~ l , ~ t c t l  I\ it11 
E. t oli 1)cing givcn in cc~u;rl 11n1ni)ci s o11 
tllc rOllO~~jllg tl:ry; L'. tolz tlitl cst;rl~ll\lr it- 
self ~ \ i t l l i ~ i  S ( l ' i )~  1>11t ' ~ ~ ~ j ) ~ r ~ e i l t I ~  i t  to [11( i  

]-tot t o ~ l i j j c ~ e  well, ;IS sho~ \ i r  b) llc (lc- 
t1e~i5i1lg fcc;11 coir~rts (ltr1i112 tltc ~ i c ~ t  2 
~\ccl,s: ;igaill tlie guinc:r pigs s h o ~ \ c d  ~ r o  
:~lj i lo~ 111:11ific\ ;ii1(1 s t ~ ~ \ ~ i x  ctl. I\'lit3ii 0 x 1 0 7  
cells of I>',. l ) i / l d l l ~  I \ ~ ~ I  e inocu1,ilctl I\ i t11  
3 x 10; cc~lls ol )\I, st1 of I:. (011. I (  ,111ts 

II on1 c,s])r,) I I I I O I I I  6 s l ~ o ~ z  c'tl I* I ) I / / ( / I I  \ 
es t i~l ) l i~ l~ct l  itwll :it IO"/g iccvi, i t l l t ~ t , r ~  I.. 
(o l i   toll^(^ 1101 c5t:tl)11d1 itwlf 'i11t1 tli5- 
. I I )~ )C . I I  "I tonlljlctel) ~ z i t l i i ~ l  I2 (1'1)s ,\ 



G n o t o b i o l o g y  Is Ecology 153% 

Ifislopnth~~logy Gross observations 

Enteritis 

increased phagocytic 

~ - -p---.----.p--.--. 

Thc M1 strain was take11 from guinca pigs and thc Fc strain f r o ~ n  a huiiiaii. Nrcrotic and hriilor- 
r i c  T h e  E. co l i  was gi\-cn 1 day after L. bijdirs; siiililar r c s ~ ~ l t s  \vcrc noted wi th  I*. ncici'o/~hiiirr. 

diVhen added separately, tlir on ly  reaction notcd \\as a s l i zh t  lympli llodc siin~ulation 

~ i l o r e  intei  c s ~  ing p l i c n o i ~ l e n o n  was f o ~ ~ n t l  
i n  c x p r ~  i~ i ro j t  7 tvllen .3 x loi cells o f  
St~rprococczts jrecnlir tverc inoculated t r i th  
3 x lo1 cells of R. coli. B o t h  mic ioo iga-  
nisms esta1)lishcd themrelves a t  lO9/g feces. 
T l l c  contiiiuetl Iiealtll of tlie g u i n e a  pig\  
sugge5tecl t h a t  e i t l ier  t h e  potelltin1 of tlic 
XI, \ t ra in Tor invasi \encss  o r  tlie guiilc:r 
pig's clefcl~se i n c c h a ~ l i s l ~ ~ s  trel e cllangctl h j  
 lie l ~ r c s c n t  e of t h e  S. Ii1ctiilis t o  allo.r\ s t ~ r -  
vi\;il of gui i lea pigs associated wit11 tllc 
o t l i e r ~ \ i s r  lctlial 511 .tin of 6. roll. 

Eiologic e v : r l ~ ~ a t i o n  of A p o l l o  diets  
s l i o ~ r c d  tli'lt tlic) I\ el e a d e q u : ~ t e  foi t 111 ec 
genel,ttio115 of niice i n  t h e  o p e n  I n l ~ o ~ a -  
to]  y. l\'lic.n (1:lssi~ llli te ~ r e ~ c  col~filletl  i l l  ,I 

geinifi  c c  iscjln to] : ~ n t l  fecl the slel i le  Apol lo  
diet ,  exces\i.ie t1e;itlls stiggested t h a t  eitllel 
t l tc st]-ess o f  jsolation 01 solne coni11in;itioi~ 
of mic) ooignnisnis Tias tlctl i~1ient;tl (1).11)u 
i l l  ]>I el>ar;ttiot~). T l l c  i o l l o ~ \ ~ i i i g  ex]  )el i- 
nicnts  i l l t ~ \ t ~  , ~ t c  t h e  cllcct of m o ~ l o -  ;tntl t l i -  

t o  dcter lnine t i  ~ l l i c r o b i c  ' i l I C ~ i ~ 5  
migilt  b e  tlie lllost c o n l l ~ a ~ i l ) l c  ~ r i t  11 11le 
]lost a n d  which  species were  liiost co111- 
pa t ib lc  w i t h  e;ith o t l ~ e r .  

C1:issic white mice provide control tlnta fox 
each p;lrameter; they were fed: n )  no;!~slcrile 
Apollo diet in the ope11 laboratory; 2)) g:iiiinla- 
irradi;ltecl Apollo diet in the open Inbor;~ I ory: 
;iiicl c) g;t~nni;c-irradiatetl :\pollo diet 115ing 
gllotobiotic proccdtircs; i.e., (:Inssic micc werc 
m;~int;liiicd frce from ally nlic-~-oorg;t~lisll~s not 
;issoci;itcd with then1 a t  elltry into the sterile 
iso1:ttor. 'l'lic tlirec germfrcc grottps .rrcrc gi\-err 
( I )  ;~tltocl;ivctl I;~l,or:ltory clioxr; b )  jia~nrr~a-irr;icli- 
5ted ,\pollo diet xvith 1 ~ 1 l ) e ~  betltli~lg, ant1 cj 
g;~mn~;~-irradiatcd ;\pollo tlict \\.it11 1:vtltlins 
(111 a st;tinlcss stccl screen floor. 'l'lic 1:ist I.)ro- 
vitlctl :I control lor all o l  t l ~ e  gnotol)lloric gl'otrl)~ 
tlrnt were rctl g:~mm;r-ir1-:~tlinrctl Apollo tlicst ;111tl 

~ n : ~ i ~ ~ t ; ~ i r l c t l  on st:linlcss scrcen Iloor tvith I I O  

Ixcldi~ig. l\ ' t : ;~iili~~g geriiilree ~ v l ~ i i e  111ic  L: \vcr(: 
inoc.~~l:ttrtl or:illy witli a l ~ o u t  10' cells of'  nou use- 
; I ~ ; I ~ I L L " ~  niicrol~cs: t l ~ c  csc c'ptioll  is t11c . S io l~ l i y -  
lococ,c~rs cpi t l rr~r~i t l i .~ ,  :I cont:mii~l:int illat oc- 
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Diassociated Xlice 
E. coli 
L. leiclt~nar~~rii  

?. 

I A B L E  11 

Ku111bcrs of fcca1 I I I ~ C ~ U ~ C S  
~ - ~- 

E. coli 
C. albicarts 

.. ------ -- - . . . . . 

hficrobe 
- . 

hlonoassocintcd hlicc 
E. coli 
L. Icich~~zarrnii 
S. rjidrrmidis 
C. n l b i c a ~ ~ s  

C. albicans 
L. leich11ro1r17ii 

-- .- .- . -- - 

1,oc: countlg 
~- 

12 
7 

11 
10 

S. @idel midis 
C. nlbicarzs 

ctiried a t  ~veaning. Afo\t of the d n t ; ~  wcle taken 
when five m;tle mice were killetl ;lt 2 months of 
age. 

RI-SU LTS 

Fecal couilts fro111 tlle gl~otoplloiic nlice 
ale gi.r,cn in 7'al)le 11. I t  sl~otlltl be ~ioterl 
that inoculatio~i of two m i c ~  oolganisms 
gale inch  itltlxl totin ts uitllin ollc log of 
that obtilinecl \vl~en either was inoc~ilatecl 
s ing l~ .  In  spite of this app~llent  Iatk of a 
large effect of any one microl~e upon the 
nitml~crs of :in) other, some p.tt'linctels 
ineasulccl ditl sho~\r tlram'ltic eltects. 

T h e  I)otly ~ve ig l~ t  nt I! inontlls 01 ngc is 
indic;~tcd i r ~  Fig. 2. il. 'Tlte geln~flee lnice 
fetl tltc Apollo tlict ucle  small ulien conl- 
])alecl 'ii7itl~ tho\e fetl lab cho~v or those 
1la.iillg filtcl ~ ; I J ) C J  I~ctltling. Tile S. cpl- 
tlcanidzs a l ~ d  possil>l) Z?. coli rnol~oflolas 
gave ill( rcasctl I ~ o t l ~  I\ eight. C ~ l r ( l i d ( ~  
o l b i c n ~ ~ s  ntoilollo~ ,I g.~.ic a clec~ eawtl botl) 
~vcigllt. A11 1:. t o l r - l ~ t t o b n r l l l l ~ ,  lrrrlr 
11t(11117il (11tIo1 'I g'11 c I e51111\ sinli1'11 10 t11;it 
01 E. ( 0 1 1  lll~lloflol ' I  '1-I1e I* 1~~t~/1111~111)111-~:. 
~lDi(c177\ diflol,~ 5ti11111l.ltol) ~"ijten (01n- 
1x11 "1 ~ ~ i t l l  citllcl nlolioflo~ , I .  1 II(.  1:. c 0 1 1 -  

C.  cclbiccili \ tliIlol a e I csults con~l~al,ll,lc 

to that obtainctl wit11 a C. nlbicnnc nlollo- 
ilor:r. Silnilarly the iesult froin the C. 
cllbirn~~s-S. cpidcy 711iclic dill01 :1 rcselr~hlecl 
that obtained fro111 S. ef)ide7-1nidir 1110110- 

gnotophol ic mice. Such coinpariso~ts : ~ l l o \ ~  
an cvalt~;ttion of the clon~inancc of diffc.1- 
elit n~icroorganisms according to the rc- 
sults given b) the body weight of tlio ;111i 
mal. I11 this sense S. cpicle?vlitllc 
dominatctl C. cilbicn7lr, C. nlbitn?zs tlomi- 
n;ited E. coli, E. coli tlolninatcd L. lcirll- 
? t ~ ( r l l ? l i i ,  :1nt1 I>. l~icl17t1(1?1nii ~vitll  C. (ilbtr(ijri 
gave a g~owtl l  stimu1;~tion i ~ o t  seen in 
lnicc ~no~~oassociatcd ~ r i t l l  eitl~el mi( I obc. 
T h e  preferred inicroorgailisnl v~as  S. capi- 
dcm~ir l i , ;  both fecal count ant1 bod) 
wcight data from these inonoassociaterl 
mice were silr~x-i~ingly 11igl1. Tanami (5) 
reported that L. bif id~rs gale gro~vtll stim- 
ulatio11 in germfree guinea pigs, ,111cl 
Schaedler ct al. (6) shoxved that Bucic)oitlcr 
ant1 other compollents of the i nd i~cnou \  
flora were beneficial in the cle~,elopment 
of g~lotobiotic mice. 

T h e  total white blood count of g e ~ m f ~ e e  
animals was lo~ver than that of S. C ~ I I  

de?.lnidis monoflora Inice or S. efjidc??,ii 
tlis-C. (rlbicn~is clifloln mite (Fig. 2, 23). 3'11~ 
C. crlbiccrns-I,. l c i t h m u ~ l ~ z i i  diflora mil,e Ilatl 
lo.ivcl v7hite blood coimt, tha11 micc 11,tx- 
ing either of these respective monoflol as, 
ant1 E. coli-L. leiclr )nc~t71lii diflora mice 
had lower u~hite blootl counts tllail those 
of eitller of tllcse monoflora gloul)s 
T h e  combination of C. a l b i c c ~ n ~  .cvitll I:. 
coli xvd\ cornpalable to that of C. cilblcn~rt 
alone. i\lost i~~terest ing is t11'1t 1)llcnolncn,1 
in x\~hicli lcicliulanllii, as one numl)cl of :I 

diflol a, eflected a l o ~ v e ~  i i ~ g  of the ~vllitc. 
blootl tell cotint. 

'\tTllen l~emoglobill was tlie paramcxte~ of 
ev;~ln,ltion (Fig. 2, C), gerlnflee mice gi\ en 
filler pal)er l~ctlcling welt fot111d to 11c no] 
111;11 ~ v l i e ~  cns those 011 st.~ir~lcss \ ( I  eel1 'iz cie 
sorncu ll'tt ; l~ien~ic. Ag.tin i t  ~v,ls notccI t l l , ~ t  

illice ~no~ion~~ociatecl  ~ v i t l l  S .  r p i t l c ~ ~ ~ ~ l t l l c  
.itere the l)c\t of a11 moi~c~l lo l ,~  n~icc ant1 
ccjui\.~lent to tllosc ns$oti.~~c.tl \ \ , i t11  1,otll .\ 
c ,p~drr~ir ic l i~  i~ntl  C. N / ~ ~ ( ( I I I s .  C:. ( ~ I ~ I C ( ~ ? I T  
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FIG. 2. A. T h i s  and t h e  following f i g u r e s  p r r s r r l t  avrmgr v a l u e s  take11 from predominantly ~ r l a l e  nlic,:, 2 
t11011ths old. A 1 1  nl ice w e r c  ohtai l led at w e a n i n g  from C h a r l e s  R i v e r  Urrcdi~lg Laboratory, I \ r i l r r t i l > g t o ~ l ,  r s c e p t  

the group " G f - p a p e r  hrdding" w a s  s e c o n d  g c ~ l c l . a t i o n  f r o n r  t h o s e  rcarcd on wire s c r c e l ~ .  .\t t l ~ e  s t a r t  thr c l a s s i c  

t n i c e  w e r e  larger and l o o k c d  I n o r e  h e a l t h y  t h a n  thc germfrce mice. Thc g ~ ~ o t o p h o r i e   lice w e r e  i ~ l o c u l a t ~ d  

orally a t  21 d a y s  of a g e  rsccpt  t h o s r  with .S. r j ~ i d r r ~ ~ ~ i d i s  t h a t  a r r i v c d  r n o ~ l u c o ~ ~ t a l r ~ i n a t c d .  B. T o t a l  white blood 
c o u r i t .  C. I ' e r c c ~ i t  hrmoglol~irt. 1). IArta p r e s e n t  t h e  p c l r c ~ l t  s u r v i v a l  at 2 ~ n o n t h s  fronl 8 r n a l e s  alld 1 2  f c l n a l e  

~ n i c e / g s o u p .  I?. l i c l : r t i \ ~ e  c c c l . ~ ~ ~ ~  wcight. I;. . \ l o p r c i a  in m i c e  frd the !\pollo d i r t .  T h e  s c a l e  of ,ludity i s :  0 = 
good I ~ a i s  c o a t ;  5 = c o l u p l c t c l y  nude. 

ant1 I>. Iritl~i~rlc~iilii singly 01- togethcr pro- plus E. roli sllolved ;I tlramatic ane111i~ 
clr~tetl sligl~ t ly  lolvcretl l~cmoglobin ill t onll),u ;ti,le to E. coli ~noliolloi :1 nlice. 
mice, .r~~l~crcas tliosc havjng L. leichnz(r711lii 'I'he c1inol.a mice with E. coli ;111cl Crc?rcliticr 
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gave an intermetliate value; these two were 
judged to be equivalent to each other in 
their effect upon l~clnoglobill values. He- 

, lnoglobin data pro\ iile a slightly dilferent 
picture of microbial dominance when com- 
pared tvitli the above parameters. 

The  survival data (Fig. 2, D) reflect the 
poor state of tlle lnice when they were re- 
ceived as well as tlieir marginal diet. So~ne 
of the germfree mice died during the 1st 
week. No gnotophoric mice sho.rvec1 ade- 
quate survival excepting the C. albicnns-S. 
cpide~tnitlis cliflora mice; tltese survived 
better than mice with either of the 
microbes singly. C. nlbicnns-L. Eeiclzma~7nii 
diflora mice survived poorly compared 
with C. all~icans or L. leichtnnnnii mono- 
flora mice. Diflora mice xvith L. leiclt~nnnnii 
ant1 E. coli stuvived less .ivell than mice 
carrying either of these microorganisms 
alone. T h e  E. coli and C. nlbicans in  
colnbinatioll ga1.e poorer survival than 
was obtained with either of those microbes 
singly. In  three of the four groups es- 
anlined a combin;ltion of organisms al- 
lowed less survival than was obtained in 
the respective lnonoflora mice. T h e  simi- 
larity of results wit11 survival to those ob- 
tained .cvith white l~lood cells aclcls signifi- 
cance to the lo~verecl white blood cell 
counts noted in diflora mice with L. 
leichnlannii. 

The  cecum s i ~ e  of germfree animals 
lnaintainetl on stainless screen floor is 
obviously rn~lcll greater tllan that of the 
control animals (Fig. 2, E). Germfrce mice 
having filter paper bedcling hat1 dra- 
matic;~lly reduced ceca, tvhicll minors 
those obtained wlicn fiber was addetl to , 

the diet of germfrce rats (7). T h e  E. coli 
or Id. lcichmnn?rii monoflora were not very 
hely>fal hu t  in  dillora tllcse microbes were 
quite Ilelpful in reducing the cecum s ix .  
Cantlitla nlbicnns alone or in any combi- 
nation .cva\ son~cwhat intermediate wit11 
170 specific colnbination 511o.rving an  atl- 
v;untage. T h e  S. efiidcl.trlidis monof1ol.a mice 
hat1 sm;~llcr ceca tlian did othel gnoto- 

phoric mice excepting the E. coli-I,. leirlr- 
tnnnnii diflora mice. 

Germfree mice real ed on stainless scl cell 
exhibited alopetia (Fig. 2, F); neck, 
shoultlels, back, sides, and abdomen wele 
affected in that order. This was alleviatctI 
by filter paper bedding or the laboratoi) 
chow. hlonognotophoric mice carrying S. 
epidert,tidis, C. albicnns, or L .  leicirt~nan?iii 
sllo~ved alopecia comparable to germfree 
mice. T h e  E. coli n~onoassociated mice 
and E. coli-C. albicnns diflora mice tenclecl 
to be less nude. T h e  tliflora of C. nlbicnlzs 
with S. epidermidis increased ;ilopecia; 
some of these mice were almost com- 
p le te ]~  hairless. 

Although no in vivo microbial antago- 
nism was noted from the fecal microbe 
counts, a form of microbial domii~ailce is 
seen i n  the effects of microbes u,pon the 
mice. Those discussed above and two not 
presented are sulnlnarized in Table 111. 
T h e  patterns of dominance suggest an av- 
erage as noted at the bottom. I n  four of 
the eight paralneters studied S. elbide?~?zi- 
dis dominated C. nlbicnns and they were 
equivalent (the effect observetl in diflola 
mice was intermediate between the two 
monoflora groups of mice) in two. Cnnrli(1n 
albicnns dominated E. coli in  three param- 
etels; the two microbes were equivalent in 
two and gave a depression in two. Esclre- 
ichin coli dominated L. leich7nnnnii in tn-o 

or three parameters; the ttzro causchd a de- 
pression i n  two or three parameters, ancl 
the) xe le  equivalent in t~i'o when cotn- 
l~arec1 ~ v i t h  the effects seen in tllc lespcc- 
tive monoflora mice. T h e  main effect l~otecl 
with the L. leiclznzan?zii-C. albictit7s combi- 
nation lvas a depression in half of the 
parametel-s being studied and in trvo pa- 
rameters the microbes were equivalel~t. 
Although these generalities migllt be use- 
ful in anticipating results fro111 otlle~ 
~ ; I I  aineters, the general lack of pi ecIict;~- 
bilit) of the effects of t'ci70 miclol>es fioni 
the l e~u l t s  in  lnonoilola mice ~vould sug- 
gest the information obtained fiorn dillola 
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Key: S = equivalent; > = greater than; < = less than; V = depression when the two were com- 
bined, and A = stin~ulation when both were present. 

TABLE XII ' 

Qualitative microbial dominance in vivo 

studies would not be a good basis to pre- 
dict results in trignotophoric mice. 

Parameter 

Weight 
WBC 
Hemoglobin 
Survival 
Cecum size 
Nudity 
Food efficiency 
Lymphocy tes 
Majority 
Minority 

DISCUSSION 

These preliminary studies illustrate the 
range of action of two microbic species as 
components of host ecology. Also illus- 
trated is microbic interaction in vivo under 
gnotobiotic conditions. Such bignotobiotic 
experiments have been little explored in 
the past. Using another path of the experi- 
mental design in Fig. 1, one could under- 
take a study of microbes in vivo to com- 
pare metabolic and physiologic reactions 
with those in vitro. 

The interrelationships presented lierein 
outline possible mechanisms by which the 
intestinal flora can act as a part of the 
host defense system. A summary of the ef- 
fects of E. coli is illustrative. Harmful 
strains of E. coli produced poor survival 
or cleath in gllotobiotic mice and guinea 
pigs. L. clcidophilus apparently overgrew 
the E. coli-it could not be found in fecal 
cultures after 6 days. 127hen added with E. 
coli to gelmfree guinea pigs, S. faecalis 
neutralized the effects of E. coli without in- 
hibiting its growth. When L4. leichnzan?zii 
was added with E. coli to germfree mice 
more tleaths occurretl than were obtained 
with E. co2i monoflora. TVhen C. albicans 
rvas acldcd with E. coli to germfree mice 

- 
Interactions 

Staph > candida > coli > lactic A candida 
Staph > candida > coli V lactic V candida 
Staph > candida s coli > lactic S candida 
Staph A candida V coli V lactic V candida 
Staph S candida s coli V lactic S candida 
Staph A candida E coli S lactic V candida 
Staph > candida V coli E lactic V candida 
Staph S candida > coli V lactic < candida 
Staph > candida > eoli V lactic V candida 

N - S,V S,> S 

the diflora was more harmful than either 
monoflora for survival and food efficiency. 
The in vivo effect of a second microbe 
added to the harmful strain of E. coli ma) 
be a)  overgrowth b) neutralization, or c) 
increased harmfulness. Surprisingly, species 
of Lactobacillus were found in both cate- 
gories a) and c). 

Recent work (8, 9) has shown an  energy 
contribution to animals from cecal micro- 
bic fermentation. Such studies shoultl be 
extended to the colon. 

The fecal flora probably reflects the 
status of microbes in the lumen of the 
rectum, large intestine, and possibly the 
cecum. It is presently a poor guide to 
microbes intimately associated with the 
mucosal lining of any of the alimentary 
tract. Each component of the alimentary 
tract has its own distinct flora. Rosebury's 
(10) review gives the status of the oral 
flora. The flora of the crop of the chicken 
is predominantly a single species of Lacto- 
bacillus (11). This homogenous flora is 
maintained in intimate association with 
the mucosal wall by virtue of the nucleic 
acids, a nutritive requirement for this 
species, supplied by epithelial disintcgra- 
tion. The rumen has its distinctive flora 
and the stomach of monogastric aninlals 
has an intimate yeast layer over the cardiac 
mucosa and lactobacilli associated with the 



f t t ~ l t l t ~ i  ~ t l t~cos.~.  l"11)o ctl I otls, spil ocllcles, 
;lntl fil~llucntous m i c ~ o l ~ c i  piovitlc nil inti- 
ii1;ltc 1i11iiig 1 0  tllc 111:1co~,11 tells o l  1l1e 
tecuul ,111t1 to1011 ,111~1 ; I ]  e not 11511,111) I e- 
~ > o ~ ~ c c l  in fecal tot1111\ (I!?), jet 111cy nrc 
r c t  I 1 1 1  contc11tl;lt ion\. Tlicir 
ccologic nicllcs 11 it11i11 t l ~ c  ,tli1llc111.11j ti ' I (  t 
f o ~  sl~eci;tl ~~licrobei,  I a i ~ c  ques~io~ls  I cg~u tl- 
ing tllc pleseiit IVOI 1,. nit1 tlie niiu obci 
uietl helein occ11l~j all! ol all of these 
niches; TI7oulcl an) oi a11 of thc\e mncns- 
:issoci,l tctl m i c i o l ~ c ~  h,lr e ;1ltc1 ctl or pre- 
vented the effects of mic~obes on I~osts ill 
this study? I\'oik iiectls to be clone .i\~itli 
illol e species of micl ol~cs. Tlie histologic 
techniques of the Dubos school must be 
t oillbilled avitll thc a~iaeiobic cul t~l le  
metl>otls of the I-Inngnte-Xlooie school to 
gi \e  more coinplete nliclobic ilifolillatioil 
foi each aliilleiliary tracL nicllc. Such ill- 
forln;~tioil m~ls t  I)e coinhilled xzith that 
lxesel~tctl Iicreiii ant1 ~vitll  hnoxvleclge of 
cliemical medi'itols of lllicrobic iiltclaction 
to 1" 0.i itlc 21 ie'tli5tic ~ i e w  of ~lliciol)ic-I~ost 
ii11e1 ,~ctioils. 'The appio,~ch of liaibautl 
: I I I ~  ;1ssociatcs i 5  5;11~1to1) (13). 

Gnotobiology allows a Illore exact es-  
plol-ation of ecology by separating mac- 
robe\ from ~nicrobes ancl provitling an es- 
per i~nel~tal  base for qualitntixrc and 
cjuantitati~e undc~s t t l~~ ( l i r~g  of the iliic~.;tc- 
tion of microbes in and xvitll the host. 

~ : I I T  ;I t lcl)lcs,i~~g actio11 ~ v i t l l  cit11~1 (,' 
nlDic(cnc 01 L?. coli. ;\'one ol tllis itlIolnr,l- 
ti011 .itr;ts rellc~tctl i l l  the fcac;ll mi( I o1)r I 
(:01111tS. 
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The f e c e s  ( equ iva l en t  words a r e  s t o o l ,  excrement, e g i s t a  an3 

ordoure ) a r e  a  r e f l e c t i o n  of t h e  in t e rac t iom of tlie environment, 

i n t e s t i n a l  microbes and hos t .  This  i n t e r a c t i o n  makes t h e  d i g e s t a  

of  t h e  i n t e s t i n a l  t r a c t  and t h e  f e c e s  equ iva l en t  t o  blood i n  t h a t  both 

r e f l e c t  something of  a l l  organs wi th  which they  come i n t o  con tac t .  

However, t h e  s t o o l  has  been l e s s  w e l l  u t i l i z e d  and i s  l e s s  w e l l  under- 

s tood.  The d i g e s t a  a.nd f e c e s  rerna.in one o f  t h e  l a s t  f r o n t i e r s  of man's 

understanding of h imsel f .  It should be considered as a  dynamic and 

i n t e g r a l  p a r t  of t h e  whole man. 

Environmental f a c t o r s  t o  be considered i n  f e c e s  composition are 

t h e  r e l a t i v e l y  obvio~xs nurtu-reand t h e  l e s s  obvious mature. Tfurture 

provides  t h e  food, drugs and d r i n k  of t h e  h o s t ,  and t o  some degree 

t h e  i n h a l a t i o n s  of -the h o s t  and ma.teria1 absorbed i n t o  -the sk in .  

Components of any o r  a l l  of t h e s e  may be r e f l e c t e d  i n  t h e  e x c r e t a ,  

Although o t h e r  means of e x c r e t i o n  forrn a  p a r t  of t h e  t,o-tal p a t t e r n  

of exc re to ry  mater ial-s ,  f e c e s  and u r ine  remain t h e  most important ,  

This  r e p o r t  w i l l .  be concerned wi th  f e c e s  b u t  it i s  obvious t h a t  

u r i n a r y  s tucl ies  should be c o r r e l a t e d  wi th  many of  t h e  problems 

suggested here in ,  The o t h e r  co:mm;onent of t h e  e n v i r o m c n t  i s  l e s s  

w e l l  considered. in t h e  forrnat,ion of f eces ;  t h e  na tu re  of t h e  environ-  

ment i n  which 1-,he f e c e s  a r e  formed. The pJ1 of  t h e  tn t e s t ina .1  tTac"c:i.s 

rare2.y on ,the a l k a l i n e  s i d e ,  t h e  pH of  t h e  f c c e s  may be  w i t h i n  a one?.- 

0 ha1.f u ~ l i t ,  pH o:C n e u t r a l i t y .  The te r i~pera ture  a t  37 i s  i d e a l  f o r  

bac t e r i a .1  ac t ion ;  f e v e r  o r  ch i l l - i n6  s1ioul.d have a  r e ~ i i n r ~ ~ a b l e  eff'ect 

on t h e  i ~ i t e s t i n . a l  mucosa arid microf lora .  (~'ve seen no goocl v e r i f i c a - .  

t i o n  of t h i s ) .  Th i s  tenlpctra.turre change may al.so be  r e f l e c t e d  i n  131c 

arno~~.~st of ce l l .u la r  d e b r i s  and t h e  amount of abso rp t ion  a h i c h  t a ! ~ ; ;  p:!r:cc.) 

i n  t h e  l o v e r  i l i t es t i i i e .  The el-I of t l ie l o v e r  intestri-ne has  ~ro-t been 

w e l l  s tud ied .  It i s  usua1l.y i n  .the range of -0.2 niv. The el-I of :rcccr, 

must p lay  a trerrsendous p a r t  on -the dorn-i.nance of d i f f e r e n t  specicn oii 

i ~ t e s t i n n l .  f l o r a .  Th i s  :Clor:i p:l.ays an  import,alit p a r t  i n  h e a l t h  :mii i o 



olle dcfense mechanis~n o:C t h e  Ilosl-,. The a~r~ouul.t of wxter i n  -Lhe 1.1ancn 

i s  aciequate f o r  qol,d mic rob ia l  growth. The q'ucint5 t y  of  water  wi1-1 'be 

consjdered under phys i ca l  characteristics, Tlie elcrnei3.t of t ime i s  

impor tan t  i n  considerin,n, t.l?e p!lysicnl chemic:sl charac? ;er i s t ics  o:i' t h e  

s tool . .  The ,moun-t of t ime it i s  h e l d  i n  t h e  r e c t m  5.s longer  f o r  niari 

t h a n  f o r  most o t h e r  spec ies ;  i , e . ,  :Pam animals show an aln!ost const;i.i?-i; 

h o u r l y  pa.ssage o f  food i n t o  t h e  G I  t r a c t  and f e c e s  from t h e  G I  t r a c t ,  

The varie-by of a c t i o ~ i s  withis? tlie s t o o l  while  it i s  he ld  i n  'Llie rectvmi 

may be q u i t e  iniportani depending upoil t h e  amount of -time 'the s t o o l  :'is 

h e l d  i n  t h e  rectum. Equal ly  important  should b e  considered th.e a.mouiii; 

o f  tiine t h e  s t o o l  i s  he ld  follo?a!ing passage. A new and changing gas ,  

temperature,  water  conten t ,  redox po - t eu t i a l  and PI-I a r e  presented  t o  

t h e  e x t e r n a l  s t o o l .  

The contrri.bution of t h e  h o s t  t o  t h e  f e c e s  3.s considera.ble.  The 

s a l i v a ,  g a s t r i c  j u i c e  a.nd f n . t e s t i n z 1  j u i c e s  a l l  con ta in  a v a r i e t y  of 

enzymes, minera ls ,  hormones and e x c e l l u l a r  d e b r i s  which can be r e f l e c t e d  

i n  t h e  composition of  t h e  f eces .  Although t h e  seeret i -on,  e x c r e t i o n s  

and ee l - l  d e b r i s  o f  t h e  h o s t  c o n t r i 3 u t e  t o  t h e  d i g e s t a  a s  it pass25 

"chrougl? t l ie t r a c t , ,  t h e  major a,ction t o  be observed i s  t h e  a ' r ~ s o ~ p ' t i o n  

of' food m a t e r i a l  frorn t h e  j.nS,es.tinal m i l l i e u .  The r e s idue  of' d.iges-tLon 

i s  t h e  u-nabsorbed food a d  t h e  h o s t  contribu-Lion r e s i d u e s  ~ ~ i - t h  micro!,:ial. 

processilig.  Durj-ng tlie passage o f  food throvgh .the G I  t r a c t  t h e  ma.teri.r.?. 

becomes concentrated between 5 and. 10 tircles by t h e  act:i.on of bioincr:issa- 

t i o n ,  Bioilicrassa.t ion i s  t h e  a c t  of i nc reas ing  tl ie c!oncen-Lr~.tio:~i o:C :irl'y 

m a J ~ e r i a l  By t a k i n g  o t h e r  r~la . ter ia l  8.-way from it, i n  a b io logica l .  nysi;~!::, 

Thus -the abso rp t ion  of carbohydrate ,  pro-tein and Pa t  l eaves  a comcen-- 

t ra ted .  rninera.1 and vi-barnin mixture i n  t h e  f eces .  

The . t h i rd  major v e c t o r  of  f e c e s  fornabion  i s  t h e  ilnicrobic coni->ril-,u- 

t i o n ,  Feces consi.s.ts of mos-L1.y l i v i n g  microbi.al  c e l l s ,  dead ce1:Ls 3.~i5 

microb ia l  processed. maberial ,  Tliis i s  an  a r e a  of a c t i v e  investigat:t:in 

bu t  l i t t l e  lzseful. und.erstanciing I ~ a s  been pTesentcd i .n  a 1iter.atu:r.e t o  

d a t e .  Without going :into d e t a i l  i n  t h i s  a r e a  i t s h o u l d  be recal.:lct:t 'i.?-ic~.t; 
-1 1. 

-bhc to1;al. n ~ u ~ ~ e r s  of l i v i n g  microor{gnnisms a,pproaclied a.pproximatc?ly 1.0' 

I.:'~vin;n, microbes per grain o:t' f eces .  The g r e a t  ~ n a j o r i t y  of 'chcse a re  s:r!?ri:l.l 

a n a e ~ d b e s  about 'i~?li:i.ch we know 1 - i t t l e  from a. chernical and ]neJ~abo%i c v 5 . e ~ ~ -  



po in t .  These r e s i d e n t  cell.:; are 1~~oa.t important  i n  t h e  nornzal 

indivi-dual ;  however t h e r e  a r e  a l r o ~ ~ e ~ s  of t r a n s i e n t  microargnnisiiis ar.tl 

or:;anisms, suclz a s  ycas.ts,  ~ ~ l i i c l ~ .  a r e  c o n s t a n t l y  i n  .the f e c a l  n1xi;eria.l 

i n  sma l l  q u a n t i t i e s ;  t h e s e  do not  become es tab l i s l led  i n  .the in'testli.~-~.a:l. 

t r n c - t  under normal. conciit ions,  Sorne y e a s t s  and p o t e n t i a l  paJ&hogens 

a r e  always p re sen t .  Very o f t e n  pathogenic organisms are a l s o  found -in 

normal s t o o l s .  It i s  a t i m a t e d  t h a t  l i v e  c e l l s  may make up 30 oi: I~.Io:~(: 

pe rcen t  of  t h e  t o t a l  f e c a l  bltDi. The t o t a l  b a c t e r i a l  contr i -but ion of  

l i v e  c e l l s ,  dead. ce:Lls and mic rob ia l  processed mzber ia l  must consti.t,u-Le 

% e l l  over  90 percent  of t h e  f eces .  This  sho?,~s what a c i i f f icul l ;  jo'h 

it w i l l  be  t o  determine cause a.nd e f f e c t  of h o s t  me-La1mli.c h e a l t h  

and d i s e a s e  processes  from a n a l y s i s  of  t h e  f e c e s  alone. 

I n  s p i t e  of t h e  above problems, c e r t a i n  infonna.tion on t h e  hez l t l j  

and/oy d i s e a s e  s t a t e  of t h e  iiid.ividual i s  d e r i v a b l e  from phys i ca l ,  

chemical exaninat iol i  of f eces .  The fol.l.ot?ing b r i e f  cons ide ra t ion  of 

t h e  norma,l exc re to ry  produ-cts i n  f e c e s  of man vi.11 be f o l l o ~ ~ e d  by 

wa:ys and rneans of understanding h e a l t h  and d i s e a s e  through f e c a l  

exa.minat ion.  

PHYSIC/IL CT1AW.CTFHTSTICS 

The p h y s i c a l  c h a r a c t e r i c t i c s  t o  be examined a r e  quaiit5 t y ,  appeai - 

ancc,  pbysica.1 consistc-ncy, t e ~ n p e r a t u e ,  and 123. 

The v a r i a t i o n  i n  t h e  normal d-ai ly  e x c r e t i o n  is so  g r e a t  -i;l-i;tt t h e  

average dai. ly cxcre"con -val.u.e of 100 grams i s  of l i t t l e  iniportaxicc 

u n l e s s  cayef'ul obse rva t ion  of' d i e t  and ind.ividu.al chara.cte.ris-Lic!s are 

observed. The ar1ul.t male w i l l  e x c r e t e  somewhat mare than  .i;h:i.s c)n an 

c?vera?e, approximately 140 .i- 30 gr'a.rnr, o f  s o l i d s ,  wi th  d r y  ma t t e r  ranging 

be-i;.cseen 25 and 4-5 grams pe r  clay. Thc a,~no.~u?.b w i l l  va ry  dej?endi.ng upon 

t31e i n d i v i d u a l  c l iaraci ;er is t i .cs ,  t h e  amount; of food t aken  i n ,  t h e  sizr: 

o f  t h e  h o s t ,  -Hie frcquelicy of ~ o i d i i i g ,  t h e  tyy~e  of food aiid t h e  heal.?ki 

s t ~ i t u s ,  Ind i.gesJtibl.e heirieccl.l~lloses (such a s  agar-agar ,  p:;yllirur, :;ecid, 

bassirom) arid moderii k > u l k  polymzrs a r e  nomdiges'cj.ble an? al1sorI2 ~!a tc - r  

r e  Therefore t h e i r  i n g e s t i o n  considerabl.y in.crc:t.i:;es t h e  bu.l.1: of' 

f e c e s .  The use of low re s iduc  food, a decrease  i l l  food irigcsteil ail3 

solllc .t,i.mer, t l ~ ?  11or.rnal mcta.bolic e f  i ' ic iency of t h e  h o s t  u i l l  lead -L,o s!!!:~.l.l 

q u a n t i t i e s  of f eces .  



The normal shape i s  fus i form not  un l ike  a l a r g e ,  fa t  c iga r .  

Tlhe appearnlrce i s  gcncra1l.y hoiio:;c~ieous a l thoueh  g r o s s  undigested 

p a r t i c l e s ,  j.. e . ,  corn, may o f t e n  be  seen. The f e c a l  mass i s  u s u a l l y  

a formed, cohesive niat,erial.. The mtcroscopic appearance w i l l  show 

bo th  l i v e  and dead ba,c.teria. and o t h e r  microbic forms. It w i l l  sklo~sr 

many p a r - t i c l e s  of d i g e s t a  of a l l  :;izes and many s t a r c h  g ranu le s  and 

sometimes t h e  eggs o r  o t h e r  part.i.cles from protozoa o r  o t h e r  i n v e r t e -  

b r a t e s .  Microscopic obse rva t ions  may inc lude  f a t ,  connective t i s s u e ,  

f i b r e ,  Porined elernents from t h e  e p i t h e l i a l  l i n i n g  of t h e  t r a c t ,  

e ry th rocy te s ,  pus, corpusc les ,  mucosus, p a r a s i t e s  and sometimes 

c r y s t a l l i n e  depos ts  such a s  cop ros t e ro l ,  soaps, f a t t y  ac ids ,  ino~:ganic 

c r y s t a l s  and panc rea t i c  o r  o t h e r  c a l c u l i .  

The p r i n c i p l e  pigment of t h e  f e c e s  i s  s t e r o b i l i n  which i s  fo~:rced 

by oxiclatioii o f  s-tercobilinogen. Th i s  compound comes from b i l i r u b i n  

which i s  reduced by i n t e s t i n a l  b a c t e r i a  t o  mesobilirubinogen. This  

is t h e  normal breakdown product from hemoglobin and sornetimes bo th  

b i l i r u b i n  and b i l i v e r d i n  may be seen i n  f e c a l  ma te r i a l ,  particv.l: irly 

i n  nurs ing  i n f a n t s  o r  dur ing  d i a r rhea .  The dark  c o l o r  of  t h e  s t o o l  

may be due t o  excess ive  o x i d a t i o n  of  s t e r c o b i l i n  be fo re  o r  a f t e r  ~ o i c ? i ? ~ g , - ,  

Dark s t o o l s  a r e  noted wi th  d i e t s  h igh  i n  meat whereas a 1-igh-t s t o o l  may 

conie from a m i l k  d i e t .  Dark s t o o l s  may a l s o  be  obtained fo l lowin@ t h e  

ingestfion of  bismuth o r  i r o n  drugs and l i g h t  s t o o l s  may reslrl-t from 

barium meals o r  excess ive  fa'L excret , ion,  O r a l  admini.sl;ration of  an i , i -  

bac t e r i a .1  drugs tend  t o  g ive  1-ight co lo re s  s t o o l s .  Other food charac-  

t e r i s t i c s  may be  noted fol- loving t h e i r  i nges t ion ,  ( i . e . ,  calorciel i n -  

ger,tion. 1ead.s t o  a green  s t o o l  due t o  t h e  l a c k  of  b a c t e r i a l  act ioi l ;  

t h i s  biliv-erriim i n  wlunetabolized form). The odor of t h e  s too:! .~ 

a r e  r a r e l y  due -to m a t e r i a l  be ing  ea ten ;  it i s  u s u a l l y  due t o  bac'i;eri:il 

a c t i o n  v.pon t h e  :Food residu.es. The normal. odor of f e c e s  comes from 

s k a i o l c  and indole .  Other compounds such as methane, rne.thy.lme r c  ap-I; a;?. 

o r  hydvogcn su.lf:i.de may a l s o  be  rcgul.arly produced by b a c - t e r i a l  Per!r!c:i- 

t a t i o l i .  Th i s  v a r i e t y  of  co~nl~ovurds o c c ~ . ~ s  more markedly w i t h  a rnctat 

di.et  o r  a. mixed d i e t ;  l e s s  odor is oht,xinccl Qhen a vegetab le  d ie t ,  i s  

used and l i t t l e  odor i s  detectecl i n .  n s - too l  I'rorfl a str:ict2.y milJ: clic.i;, 



Sing le  s t r a i n s  of microorganisms i n  t h e  i n t e s t i n a l  t r a c t  of rats o r  

o t h e r  aniinals w i l l  produce c h a r a c t e r i s t i c  od.ors i n  t h e  excre ted  gases ,  

Thus a pure l a c t i c  a.cid cul.ture ??ill be  d-etec-Led i n  t h e  odor of  t h e  

exhaust  gas  of  an  i s o l a t o r  housing monoassociated rats. 

The appearance may be f u r t h e r  c l ~ a r a c t e r i z e d  by tlie cons i s t ency  of 

t h e  s t o o l .  I f  it i s  liqu.id it i n d i c a t e s  d ia r rhea .  It may be  s o f t  

which i s  normal f o r  t h e  food i n t a k e  o r  it may be toward t h e  d i a r r h e a  

s t a t e .  The cons i s t ency  i s  normally solid.; it may be ha rd  due t o  

p a r t i a l  c o n s t i p a t i o n  o r  it may be v e r y  ha rd  o r  even p e l l e t e d  and 

e x t r a  d r y  from cons t ipa t ion .  Although t h e  f l u i d i t y  of f e c e s  i s  a n  

important  p h y s i c a l  cha . r ac t e r i s t i c ,  it i s  no rn~a l ly  r e l a t e d  s o  much 

t o  t h e  p ropor t ion  of d r y  v e i g h V t h a t  t h i s  f a c t o r  w i l l  b e  taken  up 

under t h e  chzmical c h a r a c t e r i s t i c s .  
0 

The temperature i s  normally 37 when voided and may decrease t o  

room temperature q u i t e  r a p i d l y  due t o  water  evapora t ion  and/or h e a t  

convect ion t o  t h e  new mediwo. The eR h a s  been l i t t l e  explored. It 

is  expected t o  be  i n  t h e  neigliborhood of -0.2 k 0 , l  mv. 

CEEMICAL CFAFACTXRISTICS 

The normal pH of f e c e s  i s  approximately 7: it may I r a q  within.  

1 / 2  u n i t  PI-I of t h i s  and. i s  o f t e n  on t h e  a l k a l i n e  s i d e  of 7. The t o t z l  

ac id - i t y  o r  a l k a l i n i t y  have no t  been ? .?el l  i n v e s t i g a t e d  and aye noi; 

riormally considered,  as t h e y  have been i n  u r ine .  Die'carjr 1-actose 

f a v o r s  an a c i d i c  s t o o l .  

The enclosed t a b l e s  Prom A1tma.n and Dit,tmr and from Geigy '.Ca.b:?cz 

give t h e  normal. e x c r e t i o n  p a t t e r n  of cornpo~mds i n  t h e  f e c e s  of men. 

Gross a n a l y s i s  of f e c e s  shows a remarkable ~ i r n i l c ? ~ i t y  t o  i;ha"cT food 

and t h e  whole body. &l inera ls  and. vitainins a r e  mor e concentra-ted and 

ca.rbohydrate i s  consid~era.b:ly l e s s  i n  f e c e s  t h a n  i n  food. 

E~ZYME ?~;:5>sn A j ; m r A ) m  

Protei.n coizs-Lituents sho~r ld  be  considered,  a l though n e i t h e r  11:.,i~! 

l x e n  ?:iell  cxamincd i n  ei-Lher normal. o r  abn.orma2. conditi.or?s, J\To:rmal:IL::- 

t h e r e  a rc  f cv frc?e p ro t co l  y t i c  d i g e s t i v e  erszjrr:ler, i n  Pctcer,. The drii:c:;-Liu.i 

enzymes of t h e  host. appa ren t ly  llava been proces:;cd 'by t h e  hacJceriu; -1,lic:re- 

fo:rc?, the appearance of such cnz3mes i n d i c a t e s  a n  ~~bnorin:lJ_ s t a t e ,  Cop-ra- 

a i l t ibodies  hzve been studiecl -by bnc.l;eriolo(r,is-ts and :i.rmnunol.og:i.s.t:: -Lo :_t-i 



ex ten t .  'iplllai-, has  not  been s.t;ucij.cd i s  t h e  appearance of  n.orm:il serum 

al?-tibodfics i n  t h e  f e c e s .  The detec-Lion of t h e s e  ani,j.bodies may be  

diff'j.cu1-t b u t  t hey  a r c  apparejrL1.y a c t i v e  nnd f u n c t  ion . i~ ig  i l l  t h e  GI: 

t r a c t .  Thus, W. J. Viseli p resented  a paper  ent i - t l .ed "Effec t  of  Urea 

Kydro:Lysis Upon t h e  Cel.1 L i f e  Span and Me-ta1301ism1' n-l; tlie 1971 

Fede ra t ion  Mce.Lings. It should soon appear i n  t h e  S p p o s i ~ m  Voiamr?, 

He gave evid.ence t h a t  t i s s u e  i n j e c t i o n  of urease  in to  an  a.n:imal. 

allowed t h e  an t ibody of  Ixrease -to appear  i n  t h e  i n t e s t i n a l  - t r a c t  

where it p r o h i b i t e d  t h e  i n t e s t i n a l  microorganisms frorn proci.uci~ng 

timrionia. He r e l a t e d  t h i s  t o  cancer  product ion.  Th i s  sugges ts  t'iiai 

i n t e n s i v e  . t e s t s  f o r  an t ibod ie s  of  a v a r i e t y  of sources  m-ight be ,made 

i n  f e c e s ,  

m R R O  WC STUnIES 

Feces a r e  ve ry  important  i n  meta.bolic s t u d i e s  i n  which t h e  o r i g i n a l  

cornpowid of i n t e r e s t  o r  i t s  me tabo l i t e s  may be found i n  t h e  f e c e s ,  O f  

equa l  im-porta-nee a r e  ba.la.nce s t u d i e s  of  any n u t r i e n t  o r  drug o r  othej-. 

compound of  i n t e r e s t ,  i . e . ,  chol.estevol; t h e s e  may be s t u d i e d  u s i n g  

t h e  d i e t ,  f e c e s  and v.rine as t h e  prime p l aces  f o r  i n t a k e  and exc:re- 

t i o n .  I-t i s  recogiiized t h a t  c h o l e s t e r o l  may be synthes ized  i n  t31e bociy 

and t l i e r e fo re  such rnettibolites a r e  not  i d e a l  f o r  balance stu.di.es., .As 

lias been p rev ious ly  discv.ssed, nu.i;~ri*iioiial markers axe most u.sefu3. t o  

de-bermfine d i e t ae ry  i n t a k e  i n  ba lance  s t u d i e s .  

ABlJ0RillAL COYDTTIONS D13?ECTPBTLE 13Y FECAL Al'?ALYSIS ----- 
1. N u t r i t i o n a l  S-tatus  

A poor nutril ; i-onal sta-i:us can be d e t e c t e d  by  t h e  d i s p r o p ~ r  tic:'? 

of any g iven  n u t r i e n t  o r  a v a i e - b y  of nutr5.ents i n  t h e  f e c e s  vfie13, corn- 

pared t o  normal. ThLs g e n e r a l i z a t i o n  i s  exernpl-ified by energy: a. 

nutrit , iolial .  bal-ance f o r  energy may be done by  d i r e c t  o r  j-ndirect 

cal-ori-metry o r  by er,a.n~ixi t i o n  of t h e  p r o t e i  n, f a t  and. cai:bohydraI,e 

ba lance  of  .tlie i .ndividual .  Aside frorn t h e  ba lance  s tudy,  a siri~p:!e 

excess  of 2-w one compone~it i n  t h e  f e c e s  i s  adequate c r i t e r i o n  t o  

suspec t  imp:?opcr d i g e s t i o n ,  For cxanple, a f a t t y  s ' tool  i s  c1.ea-i- evri.c'.~.~~.cc: 

t h a t  f a t  albsor:pi; .i-on j. s not  occ-urri.ng p rope r ly  nntl t h e  - toJial  eller.i:y 



in t&e of tlic ind iv idua l  should bc questj-oned. Oser mentions the 

uptnlie of o r a l l y  administered vitan1j.n B-12 a s  a good t e s t  f o r  per-  

n ic ious  anemia. 

2. Alimentary Tract  

The consistency and dly ?.~eigl.lt of t h e  s t o o l  gives n good 

index of t h e  o v e r a l l  functj-on of t h e  G I  t r a c t .  Ii' the  outpu-t of 

&ces i s  unusilally va r iab le  t h i s  suggests the  poss ibf i l i ty  of a part ial!  

bl-ocking of t h e  i n t e s - t i n a l  t r a c t .  If t h e  output i s  small, t h i s  sugges.i;s 

s t a rva t ion .  If t h e  f e c a l  materia.1 i s  hard. o r  low i n  d ry  matte?, t h i s  

suggests  const ipat ion.  I f  t h e r e  i s  an excess of %later,  t h e  d ia r rhea  

may be caused by many p o s s i b i l i t i e s  sucli as vitamin def ic iency o r  a 

l o c a l  o r  general ized i n f e c t i o n  tllroughout the  t r a c t .  A t  such a time 

a n  e x m i n a t i o n  of the  f e c a l  materj.al f o r  microorganisms i s  indicated.  

Hook worms, tape  worms oiq o the r  p a r a s i t e s  o r  t h e i r  ova may be found, 

A pure c u l t u r e  o r  excessive quant i ty  of any one species  of mnic-ro- 

organism may ind ica te  infect ion.  This may happen with a v a r i e t y  of 

microorganisms. 

A search f o r  blood should be made t o  determine 1~1letber o r  not 

t h e  l i n i n g  of t h e  i n t e s t i n a l  t r a c t  i s  i n t a c t ,  A f a t t y  s t o o l  would 

suggest s t ea to r rhea  o r  poor absorption of f a t s ;  t h i s  might be re:La.teti 

t o  t h e  G I  t r a c t  problems per  se  o r  t o  the  b i l e .  The pH shoul-d -be  

7.0 "_ -5 .  It i s  usual ly  s l - ight ly  a c i d  i n  ch i ld ren  o r  babies  ~ r l d  

s1ightl.y aU:a.line i i i  a.d.ults, It should not be very Tar from 7, :if 

it  beconies too  allialiiie then an cm-non.ia t e s t  shov.ld be run and 

tota,l. f e c a l  urea-se should be detelmined. Too much a.imnonia could be 

a,bsorbed and become t o x i c  ax-d according t o  some hypothesis  it m a y  

cause tumor indirect1)-. A search f o r  hos t  d-igestive enzymes can be 

rn-ade. These shou.ld be present  -in neg l ig ib le  quant i ty  under normal 

co~rdit;ions. I f  t h e  i n t e s t i n a l  t r a c t  has been s-tirnu3.ated anci i s  pftss.ii!~ 

dii.,r::::l;a too  f a s t ,  then t h e  d iges t ive  enzyrflcs may be found. A t  .the Sam. 

-Li~.ne more b i l i r u b i n  and b i l i v e r d i n  ma.y be ~?o"cd, Prolonged d ia r rhea  

??ill. continu-ally b r ing  t h e  d iges t ive  crxymes through the  t r a c t  and 

cause a n a l  i tching.  



Tlie t y r e s  anci k inds  of  b a c t e r i a  p re sen t  sliould be s tud ied  to 

l e a r n  t o  c o n t r o l  and main ta in  a w e l l  balmceci. f l o r a  i n  th.e liealt 'hy 

indivi .dual ;  d i e t a r y  sources  of microbes and/or  mic rob ia l  iiv.tri+;ive 

materi-a1 )nay e v e n t u a l l g  be  incorpora ted  i n t o  t h e  d i e t .  The moun t  

of slca."cle and indo1.c can be  determined t o  g ive  a n  index of microbia l  

p u t r e f a c t i o n .  

The de termina t ion  of vo3.a-bile f a t t y  a c i d s  would i i i d i ca t e  3c.w 

much a n t i ' h a c t e r i a l  a c t i o n  was p resen t  i n  t h e  f eces .  A d e t e m ~ i n x t i o n  

of  Vi-tamin Bl2 would i n d i c a t e  how much a , c t i v i t y  was going on i n  t l ie 

product ion  of B v i tamins  and p a r t i c u l a r l y  t h i s  important  v i tamin ,  

3. Blood 

Local ized o r  gene ra l i zed  b leeding  of  t h e  al imentary "crac-k 

w i l l  b e  r e f l e c t e d  by blood 3-11 t h e  s t o o l .  Microscopic exajni.naticln 

might show pus, red  blood c e l l s  o r  excess ive  whi te  c e l l s ,  T e s t s  f o r  

o c u l t  blood should be run  and a combination of b i l i r u b i n  and. bi3. iverdin 

and urobi l inogen  t.lould sho~r  whether excess  hemoglobiil b r e d ~ d o v ~ ~  has  

occurred e i t h e r  i n  t h e  i n t e s t i n e  o r  i n  t h e  b0d.y. Vitami-n K should. be 

p r e s e n t  i n  t h e  f e c e s .  I t s  presence may be c o r r e l a t e d  w i t h  bl-ood 

c l o t - t i n g  t i m e  When. drugs o r  c e r t a i n  s i ckness  occu-rs v i t a n i n  li, may 

d i sappea r  and blood c l o t t i n g  'be prolonged. Copper md i r o n  determina- 

t i o n s  may be need.ed t o  determine t h e  ba lance  of t h e s e  tsdo n~ltrienrLs 

f o r  blood forr~lat ion.  OJ~her  ba lances  vliich might be  done a r e  fo:Lic a.cid, 

v i tamin  1312, ribof1a.vi.n and v i t amin  B6; a l l  a r e  needed. f o r  bloot?. 

f 0ma.t 5.0ii. 

l v e  r 4. L' 
L 

Exaninat ion of s t o o l s  f o r  b i l e  ac ids ,  cop ros t e ro l ,  cholesterol 

deriva;bives, excess ive  f a-I;, b i l i r u b i n  and Is i l i 'verdin can be  made t o  

detcrrnirie whether b i l e  procluctioli and hemoglobin breaJcdo~:rn by t11c 

:]Liver i s  adequate.  T h i s  g i v e s  a n  index of t h e  sta-te of h e a l t h  of '&'lie 

l i v e r .  The pr'esence of gal3. s t o n e s  o r  excess  c l i o l e s t e ro l  suggest mal-- 

f u n c t i o n  of  -the l i v e r ,  Tlie s t o o l  l o s e s  i t s  co lo r  du.ring obst;liu::i;ivc. 

jaundice and the st,oo:Ls decrease d r a s t i c a l l y  -the content  of bilij'l?!?j.ri, 

urobi l j -n ,  urobil.inop;cns, cholcs.i ;erol (from t h e  body) and tr1l;aline 

d ;ase.  pho s:pliF -i- 



5. Vaccular llca3 t,h 

O ~ o l e s t c r o l  could be determined t o  i n d i c a t e  and g ive  a rouf:li 

indiccl.tion of t h e  s t a t e  of  t h e  v a s c u l a r  h e a l t h  of t h e  ind iv idua l .  

Admittedly o t h e r  c r i t e r i a  s ~ o u l d  be  more exac t  and b e t t e r .  The s i z e  

and s a t u r a t i o n  of f a t t y  a c i d s  exc re t ed  should be observed. 

6. ~ o n e  

Calciuli sosps and excess ive  fa t  i n  t h e  f e c e s  indica-te t h a t  

bone format ion  w i l l  be  even tua l ly  d i s tu rbed .  Both i n d i c a t e  a g e n e r a l  

a c t i v i t y  of  i n t e s t i n a l  Tunction and h e a l t h .  More p a r t i c u l a r l y ,  i f  

t h e s e  a r e  exc re t ed  i n  l a r g e  q u a n t i t i e s ,  vi-tamin D w i l l  b e  c a r r i e d  1 ~ 5 t h  

t h e  l i p i d  excre ted .  The calcium soaps form a n  i n s o l u b l e  m a t e r i a l  which 

p reven t s  t h e  calcium absorp t ion ,  Other  cal-ciwn salts  a s  phyLates, 

o x a l a t e  o r  c i t r a t e  could be determined. A t o t a l  ba lance  f o r  calcium, 

phosphorous and magnesium should be run  f o r  t h e  de t emi ina t ion  of  t h e  

p o t e n t i a l  f o r  b u i l d i n g  and main ta in ing  bone and. cal.ciurn s t o r e s .  Vitamin D 

may be run d i r e c t l y  on f eces .  A s o p h i s t i c a t e d  system t o  determine 

calcium binding  p r o t e i n  could be  dorle ( a s  p e r  t h e  work of Corra.di.nora 

and R. H. Wasserman, 19.71, Vitamin D: I nduc t ion  of Calcium Binding 

P r o t e i n  i n  Eliibryonic Chick In4;es-tine 111 V i t r o ,  Science, lJ'2, pp. 731-733). 

7. Muscle 

Since much of  t h e  mv.scle mass i s  enzyli~atic and strv.ctura1. proteir!., 

a t o t a l  n i t rogen  balaiice vou.ld b e  of i-aportance t o  sJ~u.dy muscl-e m,etz.bolj sm, 

A t  t h e  same t ime c r e a t i n i n e  mid c r e a t i n e  shou-lii ise de.terxnined i n  tlie f e c e s  

a.nd correl-ateci w i t h  urinary- er<cret ion of  t l iese compounds, A d i e t a r y  

su.rvcy of z i n c  may be important  from t h e  t o t a l  muscle mass viewpoint ,  

Tile de- terminat ion of  potassium and sodium would indica-Le t h e  s tat ic  of 

t i s s u e  heal- th  i n  t l ie i n t e s t i n e  and t issu.e  d r a i n i n g  i n t o  i n t c s - t 5 . n ~ -  
n ].his might b e s t  be  Tun wi th  a sodi~un and/or  potassium ba lance  s5.ncc t h e  

d i e t a r y  in t ake  limy have an  iniportant r e f l e c - t i o n  upon. t l ie  e x c r e t i o n  o:C 

t l lcse t t ~ o  elementc. 

8. pancreas 

Pa:icreatic c a l c u l i  1'1,237 sorneti~nc>s be seen i n  Llic ~"eces ,  Pancccaa1,l i. 

c:nz)mea could be  t e s t e d  f'oll-owing anyth ing  g iven  t o  accel.erzl;e I;'i-~e pa.:;sagc: 

of  d:i.gcsta -through t h e  G I  t r a c t .  Th i s  n1:j.y be  liorrnally observed i!u,'riilz 

per:i.oG of d f~a r rhea ,  

1iefercncc:s; C h x l ~ - b e ~  1-9 i n  Oscr, E. IEa?.lli's P1.1ysiolo:.,ical Chen!:'i:~-l.ry., 

14th Eciition, McGYa?l R i l l . ,  N,Y. , 1.965, pp. 530-'jl1-0, 



102. EXCRETION P R B D U n S  IN FECES: MAN 

Values are: based on  "normalw diclary intake, incltrtling ap- cific weight was reported in the literature. V.llues in paren- 
proximately 1 Ognitrogen/day. In reducing values to  ing/kg theses are ranjies, estimate "c" (see' I l i t rod~ict ion).  
or pg/kg, a body weight of 70 kg was zssurned, unless spe- 

n-tetradecanoic 
n-pentadecanoic 
n-hexadecanoic 
n-heptadecanoic 
n-octadecanoic 

A9.10-octadecanoic 
eutral steroids 

cholest-S,22-die1i-3~1) 

!!at 8-1 2 ;.cars old. Expressed as 75 of total fat ty acids. oic; 3~,7a,l2a-triliydmxy-cl1olz~i10ic; 30,7,3,1 Zn-irihydrosy- 
-L/ Inciucles lithocholic; .i~l~ydroxy-5~-cl1ol2noic: chaiiode- cholanoic; 3-ke:to-SF%c)iolanoic; 3,12-dil~ct~i-SG-ciioi~noic: 
oxycirolic; 3a,?a-diI~ydroxy-5~cholanoic; 3a,?C-dihydroxy- 3-bclo-7a-llj~droxy-5p-ct~~~lat1oic; 3- keto-I .!a-liyiiiosy-.5&. 
SBcholznoic; 3fl,7a-dihydroxy-S~ck10lanoic; dtoxpcbolic; chol;.:i~oic; 3a-l~ydroxy-7-kcto-S@-cho!~1noic: : i ~ r - h y d i o x y -  
3 a , l  2Ptliliytiroxy-Sfl-ctiolanoic; 3P,I 2a-dihydroxy-S@-cl>(> 12-kcto-5fl-ciiol3noic, 3~-l~ytiroxy-12-Icctc~-5~-~:lioi~:1oic; 
lanoic; 38,12Bdihydroxy-Sflcholanoic: cholic; 3a,?a,1 ?a- 3a,7cr-d1li\,tlroxy-12- keto-56-ciiolanoic; a n d  3a, i La-tii!i;.- 
trihpdroxy-5a-cholanoic; 3a,7P, 1 2a-trihydroxy-5echolnn- droxy-7- ke to-S~chulanoic  acids. 
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drrcavnnd~nohrrvcrim oftbc flow ~ f l ~ n , ~ h  from the intcstrne. S:catorrhccr. 

T k  ratio of  sterol enarr t o  frcc sterols is about 0.15. In adults the urrr~k 

hydraholcsrcrol C A7-cholcstcnol, 17% plant stcrola6J. 
1st wcck.. ...... ,. ...... 

dult stools (gJ24 h) ....... 

ile adds  &/24 h). ........ - 67 Fstimrtid r m g i  T%c following hilc acids Lare b i n  i d m t i k d  in fscm,'%: 
chcnodcoxgcholic =id, choiic scid, dcoxpcho~ic acid m d  i i t h d o ! i c  acid. 7 % ~  
bilc %id contcrrt vnrics with thc mmrc of the nutricnt fatss. 

(1962): DE hiunn1.T 
iiat F/sid~, P r w d -  



FOOD PHEPARATION TIME 

A. Introduction 

A p a r t  of t h e  weight l o s s  of as t ronauts  i n  space i s  a t t r i bu t ed  

t o  a decreased eating. Par t  of t he  weight l o s s  may be due t o  t he  

time it takes  t o  prepare food, pa r t i cu l a r l y  i n  the  ea r ly  Apollo 

f l i g h t s .  A t  the  time t h i s  repor t  was prepared, two years ago, t he  

assumption was made t h a t  three  meals per day plus snacking was equiva- 

l e n t  t o  four  meals per day. This repor t  was made with the  suggestion 

t h a t  each meal took one hour t o  prepare and about 30 minutes t o  eat .  

This preparation included f inding t he  food bin ,  determining the  r i gh t  

package f o r  t h e  day, separating t he  packages, hydrating t he  food ( i n -  

cluding t he  time f o r  it t o  s e t  i n  water o r  t o  be massaged), and time 

t o  mix t he  an t i -bac t e r i a l  p i l l  with food residues and put aTqay the  

d j r t y  material .  Although 1/2  hour f o r  eat ing may seem long compared 

t o  what ac tua l ly  happened on a r e a l i s t i c  time scale ,  1 /2  hour f o r  

ea t ing  i s  not too much when t he  meal i s  ea ten i n  a relaxed atmosphere 

with small t a l k  and/or reading o r  re laxat ion,  music e tc .  Therefore 

i n  t he  following we have presumed four  meals per  day and have 

suggested ways of looking at e f f ic iency  i n  food preparation. 

B. Problem Statement 

I n  Table 1 the  d a i l y  meal preparation and eat ing time i s  

compared f o r  someone eat ing out i n  a ca f e t e r i a  or  res taurant  and 

not counting t h e  time waiting f o r  the  food t o  be served. We a s sme  

t h a t  approximately 2 hours per  day a re  used i n  ea t ing  ( 3  meals plus 
rl 

" ~ a c k s " ) .  I n  a modern home with a TV type meal using e lec t ron ic  

cooking; as l i t t l e  a s  one hour per day might be used by t he  housewife 

t o  prepare meals which would take two hours per  day t o  ea t .  The t h i r d  

bar  ind ica tes  conventional cooking time a t  home when a s  much a s  four  

hours per  day i s  used i n  food preparation. This i s  equivalent t o  what 

was being done i n  t he  Apollo f l i g h t  according t o  an ea r ly  report .  Each 

meal would take 90 minutes t o  completely prepare, e a t  and clean up. 

The next column indicates  t he  astronaut needs a r e  simply t o  ea t  i n  a some- 

what l e i su r e  fashion, approximately 2 hours per day. Since the  t o t a l  

f l i g h t  plan must include some preparation, t he  astronaut aim should be 

only one o r  possible two hours of preparation per day, a s  indicated 



on the  lower bar; these  preparation times a re  designated "high 

eff ic iency" and "e f f ic ien t"  respectively. .  

The e f f ec t  of t h e  time involved i n  food preparation upon t h e  

astronaut work schedule i s  given i n  t h e  next th ree  tables .  Table 2 

suggests what would happen i n  a f o r t y  hour week on ea r th  compared t o  

on Apollo f l igh t s ,m-ewe&.  The meal i s  ready when t he  ea r th  man 

walks t o  t h e  t ab l e  and he spends two hours per day eat ing o r  14 hours 

per  week eating.  The astronaut on ea r ly  Apollo f l i g h t s ,  spent 14 
hours per  week ea t ing  (not counted a s  work time) and 28 hours per  

week i n  food preparation (seven days a t  4 hours per  day). This l e f t  

him only I2 hours e f f ec t i ve  working time, l e s s  than 2 hours per day 

of working time since he must e a t  seven days per  week and t he  40 hour 

week assumed orily 5 days. A s imi la r  ca lcu la t ion  i s  given i n  Table 3 

f o r  a 60 hour week. Here t h e  net  work on Apollo f l i g h t s  would be 

32 hours per  week o r  4 1/2 hours per day of work on a seven day. week. 

I n  Table 4, t he  Army system of I2 hours on and 12 hours off  dut,y i s  

i l l u s t r a t e d  with a l l  of the  ea t ing  being done during t h e  work day, 

This would allow 42 hours of e f f ec t i ve  work separate from food pre- 

parat ion and eating.  This allows six hours per  day work on a 7-day 

basis .  It i s  recognized t h a t  t h i s  i s  only 50% ef f ic iency  f o r  such 

an operation. I n  Table 5 t he  assumptions a r e  made t h a t  t he  ea r ly  

Apollo d i e t  was not e f f i c i e n t  and t h a t  an e f f i c i e n t  food p r e p a ~ a t i o n  

would u t i l i z e  only 2 hours per  day of a food preparation. One could 

a i m  a t  the  t h i r d  column, a high e f f ic iency  food preparation i n  which 

only one hour per  day i s  used i n  food preparation. The applied work 

i n  each case i s  given as 42, 56 and 63 hours per  week which a re  not 
f p e & . ~ i - d k ; ~ f i  

involved inhea t ing  during an 84 hour week. The l a s t  l i n e  gives the  

"astrochef point' '; t he  point a t  which the  t o t a l  crew members including 

t he  astrochef provides t h e  same work time as if the  astrochef were a 

working man. Thus, on ea r ly  Apollo f l i g h t s  under such a system, a t h i rd  

crew member who was t he  ful l - t ime chef would have allowed more time f o r  

e f f ec t i ve  work by t he  other  two than having th ree  crew members prepare 

t h e i r  meals separately.  



C. Chef Equivalent - Evaluation 

Figure 1 presents t he  e f f e c t  of an astror'chef using an - 
assumption of a 40 hour work week, The next work which would be 

obtained during one week with d i f f e r en t  numbers of astronauts,  

The abcissa gives the  t o t a l  crew including t he  chef. From the  two 

l i n e s  on t he  f i gu re  it i s  obvious t h a t  beginning with two t o t a l  crew 

would allow an increase i n  work produced i f  one of t h e  two were a 

chef. With t h r ee  t o t a l  crew, a chef would provide more than double 

t h e  amount of net  working time, This f i gu re  and t he  d a t a  i n  Table 2 

both  assume t h a t  ea t ing  would be done outside t he  40 hour wol-king veek, 

I n  Figure 2 a s i m i l a r  presenta t ion suggests what would happen 

using a 60 hour work week. Again assuming t h a t  the  14 hours a week 

devoted t o  ea t ing  would be done outside of working hours. With a 

60 hour week two as t ronauts  would do t h e  same net  work i f  one were 

a chef o r  i f  both were working crew members. With 3 as t ronauts  there  

i s  s l i g h t  advantage if  one of t he  th ree  were a chef. This ti.me 

saving continues dramatically as the  crew members increase. 

Surpr is ingly  the  p ic tu re  does not change too much with EL 84 hour 

work week. Paren the t ica l ly  one notes t h a t  if  one works 84 hours per 

week and eat ing i s  included t h a t  t h i s  i s  l i t t l e  d i f f e r en t  from a 60 hour 

work week with ea t ing  excluded (84 hours compared t o  74 hours). When 

the re  a r e  th ree  members i n  t he  crew, approximately t he  same amount of 

work would be done, a small increment i s  shown i n  favor of haying 

t h e  astronchef. - 
Using t he  concepts of Table 5 with more e f f i c i e n t  food preparation 

would give da t a  p lo t ted  i n  Figure 4. The astrocchef point  with the  
"; @Lt t 

ef f& food preparation of 2 hours per  day per person i s  reached 

with a t o t a l  crew of 5. Five persons would give t he  same amount of vork 

whether one was a chef o r  crew member and a crew of 6 gives a s l i g h t  work 

advantage if one member i s  a chef. These two curves a r e  more nearly 

p a r a l l e l  and thus the  r e s u l t  i s  not as dramatic a s  shown on f i g w e  3 
i n  which the  food preparation time was 4 hours per day f o r  a crew man, 

I f  t he  work week were only 60 o r  40 hours ins tead of t h e  84 hours 

i l l u s t r a t e d ,  t he  increase i n  work time would be much greater .  A t h i r d  

study with the  84 hour work week with  using a high e f f ic iency  food 

preparation of one hour per  day would indicate  t h a t  l i t t l e  would be 



gained by having a chef on board unless t he  t o t a l  crew were g rea te r  

than  10 o r  12. The general  mathematical model ind ica tes  t h a t  chef 

time is  equivalent t o  food preparation time multiplied by the  ntunber 

of t o t a l  crew. 

From an engineering viewpoint t he  work involved i n  food preparation 

i s  equivalent t o  weight. I n  Figure 5 a 40 hour vork week i s  shown i n  

which t h e  addi t ion of a chef t o  a crew of as t ronauts  would increase t he  

work as shown by t he  connecting l i ne s .  I n  other  words t h e  addi t ion of 

ne more member ( t he  as t rochef)  increases t he  work effect iveness  of 

t he  as t ronauts  i n  s p i t e  of having one l e s s  crew member. This can be 

t r ans l a t ed  i n t o  increased weight of equipment, food, water, mate r ia l  

and as t ronauts  f o r  a given work schedule. I n  Figure 6, the  same 

study presents  a 60 hour workjng week. Here t h e  advantage of a chef 

increases as the  number of crew i s  increased, A chef gives no 

advnatage t o  one astronaut.  With two working crew members, t he r e  

i s  a s l i g h t  ga in  i n  work which probably would be made up by t he  

weight of and needs of t h e  added member. I n  o ther  words the  missing 

f a c t o r  is  how much weight t he  cook would add compared t o  t he  increased 

work which would r e s u l t  a s  shown. 

D. Solution t o  t he  Problems. 

The thought processes above, t h e  concepts and example given 

should be u t i l i z e d  f o r  an ac tud l  p lan of any given f l i g h t .  What 

needs be done f o r  each f l i g h t  would be t o  define t h e  expected ~40jyk 

hours, t he  ea t ing  time and t h e  estimated food preparation time. 

Fromthese th ree  one could construct  char t s  o r  f i gu re s  a s  above t o  

determine at what point  an astrochef would be advantageous. 

T. D. Luckey 
Universi ty of Missouri, ColwabTa 
February, 1971 



Table I 
DAILY MEAL PREPARATION AND EATING TIME 

As t ronau t  Need 



Table 2 

ESTIMATED TIME STUDY - 40 HOUR WEEK 

*Earth man spends about 2 hours/day eating.  
Apollo m a n  spends about 1 l / 2  hours/meal o r  5 hours/day including 

2 hours/day ea t ing  and 4 hours preparation time ( f o r  four  mezls). 



Table 3 

ESL'IMATED TIME STUDY - 60 HOUR WEEK 

Approximately one -half of astronaut 60 hour/week work time 
i s  concerned with food preparation. 

*Earth man spends about 2 hours/day eating. 
Apollo man spends about 90 minutes/meal or  6 hours/day 
including 2 hours eat ing and 4 hours preparation and handling. 



Table 4 

TIMF: STUDY - 84 HOUR WEEK 

*Earth man spends about 2 hours/day eating and ltcoffee". 
Apollo man uses about 90 minutes per meal or  6 hours/day including 
2 hours eating and 4 hours preparation time f o r  four meals. 

r 

WORK 

EAT* 

"FOOD PFXPARATION" 

EFFECTSNE WORK= 

?Acceptable f i e l d  work with eating as par t  of day. 

r 

HOURS PER WEEK 

EAKrH 

84 

14 

0 

70 

A P o m  

84 

14 

28 

42 



Table 5 

WORK - EAT - FOOD PIEPARATION TIME STUDY 

I HOURS PER WEEK 

WORK WEEK 

EAT 2 HOURS/DAY 

NET WORK 

FOOD PF3PARATION 

APPrnD WORK 

Astro Chef-Point* 

* Assumptions: (1)  84 horn week; (2)  4 meals/day; (3)  30 minutes/meal (1 hour 
preparation and 30 minutes eat ing time). 

W e  krev nmber a t  which the  presence of 'the a s t r o  chef gives the  same work 
time a s  a "working" man. 



Figure 1 

NET WORK -40HR. WEE/< 
Hrs. Iwk. 

Total Crew 



W rs. Iwk. 

Figure 2 

NET WORK - 60 HR. WEEK 



Figure 3 

NET WORK - 84 HR. WEE/( 

Hrs. Iwk. 

Astronaughts + Astrochef 

Total Crew 



Figure 4 

TIME STUDY - 84 HOUR WEEK Hrs. lwk. 

510 

1 2 3 4 5 6 

Total Crew 



Figure 5 

NET WORK - 40HR. WEEK 

Ast ron aug h t s  



Astronaughts 



POTASSIUM, I R O N  AND CiiLcIuM XM APOLSX) DIETS 

T. D. 1,uckey - Febrtlary 1971 

The fol lowing summary of d a t a  obtained from D r .  Huber i n  h i s  aiinual- 

r e p o r t  ( ~ e ~ t e m b e r  30, 1969) t o  you and t h e  Brodzinski,  ' e t  a l .  r e p o r t  

sugges ts  t h a t  a s i m i l a r  s e t  of d.a"c should be made ava i l ab le  from t h e  

Gemini and Mercury f l i g h t s .  This  r e p o r t  must accept  t h e  d a t a  a s  given 

with t h e  r e a l i z a t i o n  t h a t  t h e  g r e a t e s t  e r r o r  by f a r  must r e s i d e  i n  

e s t ima tes  of t h e  food in t ake ,  This  i s  very  damaging t o  any conce:pts 

using those  d a t a  a s  a base, i . e . ,  t h e  balance s tud ies .  Although i r o n  

i n t a k e  va lues  a r e  low, t h e r e  was ilo problem ~"natsoever .  On pro1o:nged. 

f l i g h t s ,  i r o n  would obviously become a problem and a.nemia would s e t  i n ,  

depend-ing t o  some ex ten t  upon t h e  f l o r a  according t o  our  r epor t ,  Note 

a l s o  t h e  h igh  l o s s  of i r o n  i n  t h e  balance study. This  should b e ,  correl-a- 

t e d  t o  hemoglobin and hematocri t  da ta .  Was .there hemo concent ra t ion  

&om water  depr iva t ion?  However, s ince  Apollo f l i g h t s  were s h o r t  t h e r e  

should be no problem wit11 i r o n  de f i c i ency  a t  t h e  present  t ime, 

The same may o r  may not  be  t r u e  15th c e r t a i n  of t h e  Apollo pe:rsonnel.. 

w i t h  potassium losses .  Note pa . r t icu lar ly  Apollo 8 CDR had about 2 gran:; 

of potassium l o s s  pe r  day; however, t h i s  carmot be ignored although it 

1ras a n  excep t iona l  occurrence. A 70 Kg man should have about 250 gm of 

potassium. A l o s s  of 2 gm/day f o r  I2 days (no t  a c t u a l  Apallo 8 ti.rne) 

would. r ep resen t  a l o s s  of 16 of t h e  t o t a l  body potassium. This  eould 

l e a d  t o  nausea, weakness, confus ional  s t a t e s ,  ca rd iac  i r r e g u l a r i t i e s  

and muscle p a r a l y s i s  as t h e  c e l l u l a r  funct ions  of potassium were changed. 

I n c i d e n t a l l y ,  severe potassium dep le t ion  b r i n g s  increased  t o x i c i t y  f r o x  

soditlm Tillen d i e t a r y  sodium-potassium balance is  t o o  high (cannon ~ : t  a l . ,  

r\letabolism 2:297, 1953). Su-rprisingly, t h e  potassium balance f o r  iipollo 10 

was p o s i t i v e  while  t h e  repor ted  in t ake  of potassium was next t o  lcmesi; 

of a l l  f l i g h t s .  The negat ive po-tas siwn balances may re f l - ec t  t i s s u e  los ses .  

Thus a fat  and water  balance is  needed t o  determilie how much of th.e wefigI2-t 

l o s s  i s  water ,  f a t  and/or t i s s u e ,  If  most i s  t i s s u e  l o s s ,  .the cal .or ic  

in t ake  ma.y be sakisfactor-y under ze ro  G condit ions.  The negat ive potassium 

balance may be a breakdo-im. of c e l l s  due t o  s t r e s s e s  during t h e  f l i g h t ,  
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This repor t  a l so  j-gnores the  low ca lo r i e  intalce whicli was ser ious  

only f o r  Rpollo 8 and 10 and marginal f o r  a l l  of t he  others.  The p ro t e in  

in take on CMP of Apollo 12 and a l l  personnel of Apollo 13, a l l  of Apollo 10 

and two of t he  3 i n  Apollo 8 a r e  margilial. This i s  probably not  ser ious  

f o r  a sbor t  f l i g h t .  Calcium i s  the  most ser ious  problem noted from the  

average da i l y  nu t r i en t  intalce of Apollo 7 through 13. . 

The beginning of t he  problem i s  noted i n  the  ash, see e i t h e r  Table 1 

of t h i s  ( the  ~ u b e r )  repor t  o r  Ta.ble 3 from another repor t .  I n  Apollo 10 

t h e  ash i s  recorded t o  be vely  low (3$ ) :  t h i s  i s  not compat:ible wi.tl.1 %lie 

amount of calcium, phosphorus, potassium and sodium which a r e  repcirted 

f o r  t h a t  f l i g h t  compared with auar o ther  f l i g h t .  This ash value must have 

something wrong with it. Secondly, as noted i n  the  repor t ,  t h e  ca.lciwn i s  

general ly  1ov on the  e a r l y  f l i g h t s  p a r t i c u l a r l y  Apollo 8 and 9. There i s  

seen t o  be a dramatic a.nd consis tent  d i f ference between the  f i r s t  f l i g h t s  

7, 8, 9 and the  l a t e r  f l i g h t s  10, 11, 12 and 13. I n  t h e  l a s t  foW f1 i gh t s  

only 2 persons of t he  9 had adequate calcium intakes.  CDR of Apollo 7 was 

somewhat low. The worst calcium intake c e r t a i i ~ l y  was IiMP of Apollo 8, 

Although Apollo 8 vas very lov and Apollo 9 was general ly  low, on a olioyt 

term f l i g h t  t h i s  wou-ld not seem t o  be seriou-s. However, it i s  mad.e p a r t i -  

cula.rly bad beca.u.se of the  low calciua/phosphorus r a t i o .  A r a t i o  of 1-1 

i s  recolmeiicied by TJRC f o r  man. Tlie C ~ / P  r a t i o s  f o r  Apollo 7 were not ~u i -  

reasonable, those f o r  Apollo 8 were bad, those f o r  Apollo 9 var ied  t!it'ii 

C F P  being the  i,lorst of any and again a very d r ama t i c  change i s  noted 

betveen t he  f i r s t  tl-iree Apollo f l i g h t s  and t he  subsequent f l i g h t s   here 

t h e  C~/P r a t i o s  tlere about 1. 

The lot7 calcium intakes  of Apollo 8 a.nd 9 cou-ld be made much nore 

det r imenta l  by the  low calcium/phosphate r a t i o .  This woulid tend t o  ~ r o - ~ ~ i d e  

much l e s s  calcium absorbed than would occur v i t h  d i e t s  having a good 

calcium/phosplio:eus ra,tio. I-t would be ai i t icipated t h a t  people i n  t h i s  

condit ion would be i n  ser ious  d i f f i c u l t i e s  wi thin  a few months. Table 1 

from the  Brodzinski repor t ,  1970, slios~rs the  average d a i l y  calcium flntfa2.:e 

and excret ion i n  Apoll-o astronauts.  Only on Apollo 10 was tlie average 

t. alue reasonalsle. Even on Apollo 11, l/3 of a gram of calcriux was l o s t  

eacli day. On Apollo 7 the  average l o s s  va.s over ha l f  a g r m  da i ly .  One 

would an t i c i pa t e  t h a t  the  commander of t h i s  f l i g h t  l o s t  much riore than 
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d i d  t h e  o ther  two crew members. Therefore the  average i s  biased and 

does not show what happened t o  t h e  commander. The d a t a  do show CDR f o r  

Apollo 8 was very bad with 1 gram being l o s t  each day. This could not 

continue f o r  many weeks before calcium l o s s  became serious.  It would 

be more i n t e r e s t i n g  t o  f i n d  the  balance d a t a  f o r  LMP of Apollo 8 s ince  

h i s  ??as t h e  lowest calcium intake  of any as t ronaut  on a l l  f l i g h t s  and 

he had a ca~~iwa/phosp l io rus  r a t i o  of 0.48. This man must hare l o s t  

more than did  t h e  CDR man. It could be predic ted  t h a t  t h e  CMP was qu i t e  

comparable t o  CDR i n  h i s  calcium loss .  I f  t h i s  data. were avai lable ,  

it would be worthwhile t o  check t h e  calcium balance. The most i n t e r e s t i : ? ~  

balance d a t a  a r e  given f o r  Apollo 9: here ind iv idua l  d a t a  a r e  avai lable .  

Eoth t h e  CDR and I.&P a r e  lot? i n  calcium intake  and both  have a low ca lc iaq l  

phosphorus r a t i o ;  both l o s t  approximately 1 gram per  day during t h e  

f l i g h t .  The most i n t e r e s t i n g  i s  CNP of Apollo 9. Here t h e  c a l c i ~ m  i n -  

t ake  was bad t h e  t h e  calciwq/phosphorus r a t i o  was the  worst of a l l  t h e  

astronauts.  This  individual  l o s t  over 2 grams of calcium per  day. This 

i s  as much o r  more than a pregnant o r  l a c t a t i n g  mother would expect t o  

l o s e  and could not go on more than a few weeks before c a l c i u i  deficiency 

was shovn by h y p e r i r r i t a b i l i t y  and poor muscle contract ion.  Decreased 

bone d-epositioli would occur. Permanent s k e l e t a l  damage could r e s u l t  

unless  it were correc ted  wi th in  one o r  two months. Another parameter t o  
++ consider i s  t h a t  of C a  a s  it a f f e c t s  t h e  s t a t e  of hydrat ion of blood 

p r o t e i n s  and t h u s  blood v i scos i ty .  

The 1031 magnesium intakes  noted genera l ly  throughout a l l  Apollo 

f l i g h t s  would tend t o  accentuate t h e  def ic iency of a calcium lev d i e t .  

Less magnesium i n  t h e  lumen leaves more calcium t o  chela te  o r  a t t a c h  t o  

insoluble  salts. This accentuates t h e  ca lc iun deficiency.  For. exampl-e, 

t h e  simple inorganic chemistry involved i n  t h e  gu t lumen  would suggest 

t h a t  t h e  ions vhich can form insoluble  s a l t s  such a s  s u l f a t e ,  phosphate, 

long chain f a t t y  ac ids  and p l ~ y t a t e  can take up a g r e a t e r  amount of calciun: 

when t h e  magnesium of a d i e t  i s  low than when t h e  magnesium content is  high. 

Thus calcium-magnesium phytate would have a higher percentage of ca lc  i u m  

when t h e  n~agi?esium content of t h e  d i e t  was low than when t h e  magnesiunl 

content  would be high. This makes l e s s  calcium ava i l ab le  t o  t h e  i n t e s t i n a l  



mucosa. Secondly, t h e  absorption of calcium through t h e  i n t e s t i n a l  rnucosa 

i s  inh ib i t ed  by rnagnesim def ic iency i n  man ( t h e  d a t a  i s  l e s s  c l e a r  i n  

animals).  Whether o r  not a low magnesium d i e t  which has 1/3 t o  2 / 3  of 

t h e  recommended allowance siould have any e f f e c t  on calcium absorption 

i s  open t o  speculat ion.  

The cor re la t ions  of the calcium balance d a t a  a r e  rough1.y r e l a t e d  t o  

t h e  calcium intake  and t h e  calciura phosphorus r a t i o .  The c o r r e l a t i o n  of 

Ca lo17 in take  o r  l o s s  with t h e  amount of food ea ten  i s  not present ,  i . e , ,  

t h e  c a l o r i e  intalce of Apollo 8 and Apollo 9. It i s  seen t h a t  c a l o r i e  

in take  i n  Apollo 9 i s  ad-equate and ye t  t h e  calcium intake  i s  q u i t e  poor. 

I n  both of t h e  f l i g h t s  calciul l  supplementation i n  t h e  dr inks  was i n  fo rce ,  

Su.pplementation of dr ink powders appeared t o  be rout ine  f o r  t h e  f i rs t  

th ree  Apollo f l i g h t s  and becam l e s s  rou t ine  i n  t h e  l a s t  f l i g h t s ,  

It i s  important t h a t  t h e  calciua/phosphorus r a t i o  should appro~.ch 

one i n  both man and animals. For example, rats a r e  verj"refract i1e t o  

vi tamin D def ic iency unless t h e  calciml/phosphorus r a t i o  i s  upset.  

Generally a ra- t io  outside of t h e  range of 2 t o  1 t o  1 t o  2 i s  needed 

t o  obta in  a vitamin D def ic iency on aqy d i e t  i n  a rat. 

A s  noted from t h e  t a b l e  at tached,  t h e  proposed d a i l y  n u t r i e n t  in take  

f o r  Apollo 7 through 10 a r e  given wi th  a. ca lcu la t ion  of t h e  proposed 

calcium phosphorus r a t i o s ,  There i s  a y ~ ~ . g h  c o r r e l a t i o n  with ?!hat was 

seen i n  the  average d a i l y  iiita!.re; p a r t i c u l a r l y  was the  calciw4/phosphorus 

r a t i o  very losi i n  Apoll 8 and 9. &ginning with Apollo 10 t h e  calcium/ 

phosphorus rat?lo of t h e  in terded food sras yu.ite adequate. This proposed 

calcium intake  and the  l o s ~  calcim/pllosPhorus r a t i o s  occur i n  d i e t s  which 

have been su.pplemented with cal-eium i n  t h e  drinking powd.ers, Apparently 

more calciurn add i t ion  t o  o the r  foods should be considered f o r  any f u t u r e  

fort i : i icat ion;  or ,  a s  may be apparent from Apollo 10, 11, 12 and 13, more 

c a l c i m  foods such a.s sardines ,  c a l c i u i  cheeses o r  miIA products should 

b e  i n c o r p o ~ a t e d  i n t o  t h e  foods used. 

These d a t a  should be cor re la ted  with t h e  serwn calcium and bone l o s s  

d a t a  and llith the  determination of calcium i n  d i f f e r e n t  f l i g h t s  and. on 

d i f f e r e n t  individuals ,  It troulcl be p a r t i c u l a r l y  iraportant not t o  ge:neralize 



from averages, o r  from one individual  t o  anotlier, o r  from one f l l g h t  t o  

another s ince  each ind iv idua l  s i t u a t i o n  makes a g rea t  d i f ference .  When 

a low calcium and a poor calci~~m/phosphorus r a t i o  i s  combined, any 

i n d i v i d u a l  may be on the  b r ink  of a d i sas t rous  calci-um balance a s  shown 

by CW i n  Apollo 9. Here t h e  calcim/pl~osphorus r a t i o n  seems t o  be more 

important than t h e  a c t u a l  calcium intake; CDRonApollo 8 a c t u a l l y  r e -  

ceived l e s s  c a l c i m t h a n  d id  CJP on Apollo 9. Ind iv idua l  d a t a  on LMP 

Apollo 8 would be most i n t e r e s t i n g ,  i f  i-l; were avai lable .  I n  coiilparing 

t h e  de tec t ion  of t h e  e f f e c t  of c a l c i m  l o s s  i n  d i f f e r e n t  methods it 

would be irporLant t o  use t h e  same individual .  The individuals  t h a t  

should be looked i n t o  with most d e t a i l  a r e  those vhich were mentioned 

above. Eased on an old  paper i n  which t h e  calcium metabolism and bone 

ash were cor re la ted  t o  t h e  ash of t o e n a i l s  of chicks, one could propose 

t h a t  a s e n s i t i v e  index of calcium intake,  l o s s  and balance could be made 

from d a i l y  f i n g e r  n a i l  c l ippins .  These could be analjzed and r e l a t e d  

t o  t h e  day of production of t h a t  p a r t  of t h e  n a i l .  Presumably t h i s  

could be done with h a i r  but  it has  a c t u a l l y  been worked out with i,oennil.s, 

(campbell, J.A,, B. B. Migicovsky and A. R. G. Emslie, 1945, Stud:ies on 

t h e  chick assay f o r  vitamin D. I. Precis ion of t i b i a  and t o e  ash a s  

c r e t e r i a  of response, J. Poult .  Sci ,  , &:3-7). 

Recormiendations 

The obvious problems with ca lo r ies ,  calcium, potassiurn and i r o n  i n  

a s t ronau t  feeding recoiniiend these  four  n u t r i e n t s  a s  guides f o r  tagging 

d i e t a r y  in take  on Apollo 15. 

The c a l o r i e s  a r e  of obvious importance and i n t e r e s t .  A s  discussed 

above t h e  weight l o s s  may o r  may not be due t o  ca lo r ies .  

Calcium i s  a l s o  of obviou-s in~portaiice and i n t e r e s t .  I n  add i t ion  t o  

t h i s ,  t h e  i ~ e g a t i v e  calcium balance makes it of prime importance 01.1 longer 

f l i g h t s .  For example, an  average bss of .635 milligrams (Apollo 7 through 

11)  p e r  day on a 60 day f l i g h t  would mount t o  38 grams. This mount of 

calcium i s  equivalent  t o  about 108 grams of inorganic bone and re;?resents 

3$ of t h e  t o t a l  body supply of calcium. 

The negative potassiurn balance reported makes t h i s  elemelit o:C 

importance due t o  t h e  f a c t  t h a t  potassium ind ica tes  t h e  s t a t e  of h e a l t h  of 



t h e  t i s s u e s  of t h e  body. I n  previous Apollo f l i g h t s  an average l o s s  

of 300 milligrams per  day ( ~ p o l l o 8  through 11) could be t r a n s l a t e d  i n t o  

a  60 day f l i g h t  t o  antici-pate a  t o t a l  l o s s  of about 18 grams, Since t he  

t o t a l  body supply of potassiwn i s  250 grams t h i s  18 grams represents  7$ 
of t h e  t o t a l  body calcium. I f  t h i s  were l o s t  t h e  as t ronaut  would be i n  

a  precarious s t a t e  with respect  t o  h i s  s o d i ~ m / ~ o t a s s i u m  r a t i o  and Lo the  

funct ioning of potassium i n  all. t i s s u e s .  He would a l s o  be very suscept ib le  

t o  potassiu~n def ic iency symptoms, p a r t i c u l a r l y  during t imes of nausea, 

s ickness  o r  excess d iar rhea  o r  urinat ion.  

A normal a d u l t  has about 4 grams of i r o n  i n  h i s  body. The average 

l o s t  on t h e  Apollo f l i g h t s  7 through 11 was 6.4 milligrams per  day. 

During a  60 day f l i g h t  t h i s  would represent  384 milligrams. This l o s s  

would be 9 of t h e  t o t a l  body i r o n  supply. Although t h i s  s l i g h t  anemia 

vhich might r e s u l t  would proba1o1y not be ser ious ,  here  i s  a problem 

which should be watched very caref-ully. This negative i r o n  balance 

would not be acceptable on prolonged spaxe f l i g h t s .  

For t h e  above reasons it i s  recommend-ed t h x t  exa.ct in takes  and 

c a r e f u l  balance s t u d i e s  by made f o r  ca lo r i es ,  calcium, potassium and 

iron.  These n u t r i e n t s  should be marked i n  each food ava i l ab le  t o  

Apollo 15  astronau-ts and a l l  ind iv idua l  f eces  should be returned t o  

e a r t h  f o r  balanced s tud ies  of these  nu t r i en t s .  This  can be done using 

heavy metal n u t r i e n t  ind ica to r s  i n  the  p.p.m. t o  p,p.b, range, 



Luckey Evaluation of C d i  Problem - February 3.971 - 

Proposed Daily 

Apollo 7 Nutrient  Intalre C ~ / P  

l Ca(gm) P ( g m )  Rat io  

CDR 802 1289 -62 

L M ~  983 1200 .82 
a'@? 1089 1376 . 79 

Ave. Daily 

In f  light Nutr Lent In take  

C a  (gm) P (EM) C~/P Rat io  

644 1060 -61. 

92 5 (34 3- 14 

93 8 1.12 5 .8j 

Apollo 8 

CDR 590 1340 .44 427 (34-7 . 50 
LZW 590 1345 .44 366 760 .45 
CMP 590 1345 . 44 479 983 . 47 

Apollo 9 

CDR 696 1652 .42 
LMP 687 16 53 42 
a'@? 624- 1513 45 

Apollo  10 

CDR 113 7 1227 1-1- 836 814 I.+ 
UP 1164 1176 1 - 854 701 I+ 
QdI? 1137 1197 1- 808 746 1+ 

Apollo 11 

CDR 1194 3-155 1-1- 1036 
I.JP 1203 1190 I.+ 1114 
CP.P 1192 1153 1+ 851 

Apollo  12 

CDR 1095 
LME? 1022 
C3P 1291 

Apollo 13 

CDR 870 
LIP 871 
avIP 786 

(~ssume Red = CDR, Blue = LMP and White = CW). 
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APOLLO DIET EVALUATION 

T. D. Luckey 

UMC - March 24, 1971 

Using a l l  t h e  data  avai lable  on food intakes f o r  Apollo f l i g h t s  

7 through 11 and 13, astronaut d i e t s  were evaluated from the  viewpoint 

of t h e i r  deficiences i n  spec i f i c  nu t r ien t s ,  t he  balance of nu t r ien t s  

i n  t h e  d i e t  and whatever da ta  was avai lable  on t h e  nu t r ien t  intake per 

day and n u t r i t i o n a l  balance studies.  These were grouped from the  vfiew- 

point  of an est imate of what might happen t o  survival ,  maintenance, 

growth, reproduction and hea l th  through th ree  generations. The f i v e  

categor ies  were (A)  i s  t he  be s t ,  where we would an t ic ipa te  hea l th  

through severa l  generations, (B) we would expect poor reproduction and 

l a c t a t i o n  performance during t he  f i r s t  generation and almost cer ta i i i ly  

a f t e r  the  second generation (c)  we would expect poor growth and (D)  we 

would expect t h e  animals could not maintain themselves we l l  and (E) we 

would expect poor survival .  We might expect deformities t o  appear 'in 

both 4 and 5 categories.  Certainly 5 would exh ib i t  c l i n i c a l  symptoms 

af%er some time. These a re  a l l  valued judgments. Others would see 

these  i n  a somewhat d i f f e r en t  l i g h t  but  any qua l i f i ed  n u t r i t i o n i s t  

should f i nd  the  major r a t i ngs  t o  be approximately the  same. 

On Table 1, a r a t i ng  with 11 LMP t he  bes t  and 8 LMP t he  worst. 

The average were the  Apollo f l i g h t s  CDR o r  CMP. Table 2 l i s t s  t he  

r a t i n g  of d i f fe ren t  Apollo f l i g h t s .  It i s  seen t h a t  as t ronauts  i n  

Apollo 11 appeared t o  be the  be s t  fed. Apollo 8 and 9 as t ronauts  

were t he  worst fed. Apollo 7 was mixed while Apollo 10 was intermediate. 

From a n u t r i t i o n a l  viewpoint t he  group on Apollo 13 seemed t o  be some- 

what low i n  protein,  those i n  Apollo 10 were de f in i t e ly  low i n  prote in  

and were low i n  magnesium. The others  l i s t e d  below them would not be 

nu t r i t i ona l l y  acceptable from the  data  given. Thus only f i v e  as t ronauts  

a t e  we l l  according t o  t h i s  paper evaluation. 

The above reasoning gave three  Apollo d i e t s  t o  be t r i e d  on t he  

mouse t e s t :  namely, t he  be s t  was 11 LMP, the  worst was 8 LMP and t he  

medium was 10 CMP. These d i e t s  w i l l  be simulated and fed t o  mice with 

a controlled d i e t  i n  order t o  see how the  growth, reproduction and 

l a c t a t i o n  compare. 



Crit icisms of the  individual  d i e t s  a r e  given from what da ta  tias 

been made avai lable .  

Eleven LMP i s  t h e  be s t  of a l l  the  d i e t s  evaluated. No c r i t i c i sm  

. i s  offered s ince  both the  ca lo r ies  and t he  p ro te in  were up and t he  

mineral balances s-eemed t o  be sa t i s fac to ry .  

~ ~ o l l o  7 CMP was ra ted second. This man was fed equivalent t,o 

Apollo 11 CDR. They both had about t he  same amount of c a lo r i e s  and 

adequate calcium. The p ro te in  intake was b e t t e r  f o r  7 m t h a n  it 

was f o r  11 CDR, The i r on  l o s t  on both f l i g h t  7 and 11 was somethi.ng 

which would not be s a t i s f ac to ry  over a long period of time, but  t h i s  

was not considered t o  be a s  ser ious  a s  some of the  other  problems noted 

f o r  o ther  Apollo astronauts.  

Apollo 7 LMP had a p ro te in  in take equivalent t o  t h a t  of Apol3.o 11 

CDR. This ca lo r ic  value was below a l l  th ree  of the  as t ronauts .  This 

i s  probably not a ser ious  f a u l t .  

Apollo 11 CMP showed a d e f i n i t e  low calory  intake. The p ro te in  

was somewhat low. While t h i s  d i e t  i s  not ra ted  as unsat is factory ,  it i s  

not  considered t o  be excellent .  - 
A l l  of Apollo 13 as t ronauts  seemed t o  be i n  a l e s s  good category 

t han  t he  ones above. They were a l l  very s imi la r  and t he  p ro te in  and 

ca lo r i c  in takes  were apparently comparable throughout. The calcium 

intake and the  calcium/phosphate balance was not bad; however it was 

not good. These could not be ra ted  excel lent .  There was i r o n  l o s s  i n  

t h i s  f l i g h t  as the re  was i n  f l i g h t  11 generally. The low pro te in  and 

the  low ca lo r ic  intake makes a l l  the  d i e t s  of Apollo 13 ra ted  as not 

acceptable f o r  prolonged f l i g h t s .  

The A p ~ l l o  10 as t ronauts  were found t o  be grouped together  with CDR 

somewhat b e t t e r  than CMP, and t h i s  somewhat b e t t e r  than LMP. CDR had a 

somewhat low calcium intake,  ver  d e f i n i t e l y  low ca lo r ic  intake,  a low 

p ro t e in  in take and a low magnesium intake. The i r o n  l o s s  d id  not seem 

t o  be s ign i f i can t .  Apollo 10 CMP had l e s s  s a t i s f ac to ry  ca lo r i c  and p ro te in  

in takes  then had Apollo 10 CDR. Apollo 10 W had a low magnesium intake 

as  we l l  as unsat is factory  ca lo r i c  and p ro te in  intake. It i s  doubtful  

i f  any of t h i s  group could have survived i n  good hea l th  with such a . 

n u t r i t i o n a l l y  poor d i e t  during a 1 o r  2 month f l i g h t .  

Apollo 7 CDR had a very low calcium intake anda very poor calcium/ 

phosphorus r a t i o .  The ca lo r i c  in t&e was adequate and t h e  p ro te in  intake 
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was adequate. The i r on  l o s s  could have caused t rouble  but  t h i s  would 

not be ser ious  f o r  man f o r  many weeks. 

Apollo 9 CDR had adequate calory intake,  t he  i r on  l o s s  was not bad 

and t he  potassium seemed t o  be adequate. The p ro te in  w a s  adequate but  

t he  calcium intake and t h e  calcirm/phosphorus r a t i o  seemed t o  be very 

poor. 

Apollo 8 CMP had a very poor calcium intake and a poor c a l c i u d  

phosphorus balance. The p ro t e in  w a s  adequate, t he  calcium w a s  somewhat 

low but  t h i s  d i e t  must be downgraded because of t h e  poor calcium intake. 

Apollo 9 LMP was ra ted  15th  of the  group. The calcium was very bad, 

t he  i r o n  shoved a negative balance, t he  p ro te in  was low and t he  ca lo r i e s  

were somewhat low. 

The d i e t  of Apollo 8 CDR as t ronaut  had low ca lo r ies ,  low potassium, 

low calcium and a low calcium phosphorus balance. The potassium l o s s  of 

1 gram per  day could have been very se r ious  f o r  t h i s  person i n  a s:hort 

time. 

Apollo 9 CMP a t e  a d i e t  which was very low i n  calcium and had a very 

poor phosphorus balance. The as t ronaut  was los ing  7 mg of i r o n  per  

day and up t o  2 grams of potassium per day. The ca lo r i c  and p ro t e in  

in takes  were not unsat is factory  but  t h i s  d id  not seem t o  be a r e a l  problem. 

The major problem here must have been t he  potassium l o s s  and t'nerefore 

the  water balance and a l s o  t h e  s t a t e  of t h e  t i s s u e s  i n  t h e  body. The 

high potassium losses  of these  two as t ronauts  would ind ica te  t h a t  vomiting 

and/or d ia r rhea  may have occurred during pa r t  of the  f l i g h t .  It may be 

noted t h a t  t h i s  ana lys i s  was done wi th  no reference t o  individuals  o r  t o  

f l i g h t  information o ther  than d i e t ;  therefore ,  the  author has no idea  as 

t o  which men were involved nor what problems they had nor i n  what condit ion 

they came back t o  e a r t h  following t h e i r  f l i g h t .  

The d i e t  Apollo 8 DIP was the  worst of a l l .  The calcium intake i s  

very bad, the  calcium/phosphorus r a t i o  i s  very bad and the  magnesizm intake 

i s  very bad. Here was a low calory d i e t  with a low pro te in  intake.  A l l  

of these  suggest t h a t  t h i s  man could not have been e f f ec t i ve  during a 

f l i g h t  of more than a few weeks. However, f o r  t h i s  shor t  time he niay 

have f e l t  b e t t e r  than both Apollo 9 CMP and Apollo CDR as t ronauts .  He i s  

ra ted  below them due t o  t h e  ca lo r i c ,  p ro t e in  and calcium problems which 

would develop se r ious  def ic ienc ies  on a long f l i g h t .  
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Nwnberical Rating of Apollo Nutrition 

Rating 
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2 
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11 
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7-cMP 

11 -CDR 

7 I J Q  
11-CMP 
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t; 
10 - CDR 
1 0 - w -  

10-LMP 

8-CDR 

-3C 
Apollo Flights Rated Nutritionally 

No, - - CRD - W - CMP 

7 12 4 2 

8 16 18 14 

-3C No, 1 is best and No, 18 is the worst 
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mrim INDICATORS 

T. D. Luclrey, Professor  of Biochemistry 

Univers i ty  of 14issouri School of Medicine 

Colunibia, Missouri - 65201, 314,442-5111 I%t. 4-04 

A. INTRODUCTION , 

A method i s  proposed which t r i l l  allow t h e  in take of t he  t o t a l  

anoul t  of food o r  any giGen nu t r i en t  t o  be accura te ly  monitered. 

T o t a l  food i n t d i e ,  and any s p e c i f i c  nu t r i en t ,  i s  d i f f i c u l t  t o  ob ta in  

accura te ly  i n  experimental animals and/or humans. Most s t ud i e s  with 

humas  a r e  sub jec t  t o  e r r o r s  by t h e  subject .  Animal s t ud i e s  a r e  open 

t o  e r r o r  through vas ted  food which i s  d i f f i c u l t  t o  recover, through 

contamination of t ~ n s t e d  and o r  presented food v i t h  excre ta  o r  s t r e s s e s  

o f  t h e  animal with r e s t r i c t e d  movement. . 

This  method incorporates  a nu t r i en t  i nd i ca to r  i n  a l l  food ava i lab le ,  

a nonabsorbed marker vould be added t o  t h e  food i n  d i r e c t  proport ion t o  

t h e  amount of nu t r i en t  i n  t h e  food. Col lec t ion of a l l  f eces ,  homogenizatrion 

and ana lys i s  f o r  t h e  marker would give a d i r e c t  means t o  deternine  horr 

much of t h e  nu t r i en t  was ingested.  It i s  proposed t o  develop t h e  method , 
with  heavy metals which would allox,? d i r e c t  determination of mul t ip le  

markers using a c t i v a t i o n  analys is .  

The work required i s  out l ined on t h e  fo l10~~i i -g  pages. Calor ies  

w i l l  be t h e  sub jec t  us ing f a t ,  carbohydrate and p ro t e in  as the  mul t ip le  

approach t o  t h e  sub jec t ,  Thus, a mul t ip le  marker system w i l l  be 

developed using t h r ee  markers f o r  these  t h r ee  nu t r i en t s .  S p e c i f i c r l l y  

t h e  method -\?ill alloTd t h e  ~ c c ~ a t e  detem!ina'iion of one o r  Kore 

n u t r i e n t s  consumption from ana lys i s  of s t o o l s  even v h i l e  t he  sub jec t s  

a r e  fed  pantry  s t y l e .  

'* IlTEP9Tq complete l i t e r a t u r e  search. 

2. I n fo l~na t i on  summarized i n  seminar. 

3. Publ icat ion of a complete, c r i t i c a l  revier7 of l i . t e r a J iu~e  
on markers i n  iiutrLtio~1. 

4. Evaluabe poss ib le  types  of rnarker rfiateria.1~ poss ible  and 

s e l e c t  r epresen tx t ive  of t h e  b e s t  type f o r  t e s t i ng ,  Table 1 

ind i cz t e s  those  considered. For rnul'iipc nu t r i en t  i n i i c a t o r s  

t o  be used i n  hwrianr, as wel l  as animals, heavy metals t?li:i_ch can 

be determined by ac t i va t i on  ana lys i s  appear t o  be the b e s t  choice, 



C . MPE rnIENTAl; 

1, Charac te r i s t i cs  of markers 

Record t h e  cha rac t e r i s t i c s  of t he  spec i f ic  markers t o  be used, 

This s h a l l  include methods t o  add each marker t o  t h e  food and 

method t o  be used f o r  t e s t i ng .  The use of mult iple markers ~ ~ 5 . 1 1  

r equ i re  t e s t i n g  f o r  compatibi1ii;y which would not be needed i f  only 

one o r  two vere  t o  be used. Ten t o  f i f t e e n  of t he  most p:romising 

markers should be examined. 

2. Background data ,  

a ,  Determine t h e  amount of' background t r a c e s  of t h e  10-20 

markers occur natura,lly i n  Apollo d i e t s .  This can begin 

wi th  t h e  Composite 1968 d i e t .  

b. Determine background t r a c e s  i n  Apollo water (spent f u e l  supply). 

c ,  Determine background t r a c e s  of t he  10-20 markers i n  s-Lools 

from Apollo d i e t  ea te r s .  

3. Marking Food . . 

a. Form of Markers (1) c o l l o d i a l  suspension 
(2) solu5ion 
(3)  adsorbed on t o  i n j e s t a  
(4) capsules, d i lu txd  as desi red i n  l ac tose  

o r  methyl ce l lu lose  

b. Mater ia ls  - examples a r e  l i s t e d  i n  Table 2. 

Three would give c a l o r i e s  and o ther  valuable in i 'o rn la t i~r_~  

1 )  Gold and i ts  salts 

2)  Dysprosium and i t s  s a l t s  

3) Europium and i t s  s a l t s  

c. Quanti ty - t o  be determined by ana lys i s  method. It i s  ant ic ipated 

t h a t  10 ng of marker i?ould be added f o r  each gm of f a t  o r  p ro te in  

i n  t h e  d i e t  and 1 ng f o r  each gm of carbohydrate, For example, 

80 gm pro t e in  ea ten  i n  one day- ~rou ld  su2ply 800 ng gold io zb0u.t 

160 gm s too l ;  vhen dried. t h i s  would approximate 10 ng/gp (10 pep ,b)  

and one nanogram of dysprosium per gn of d i e t a ry  carbol?ydrate 

would be s a t i s f a c t o r y  

d. Methods t o  add t he  marker t o  food include d i l u t i o n  i n  posrdered 

foods ( i . e .  f l o u r )  and n a t u r a l  ju ices  ( i . e .  canned peaches), 

so lu t i on  i n  prepared foods (i. e. , j e l l ov )  , adsorption onto 

p a r t i c u l a t e s  ( i . e . ,  col lo ida , l  r e s i n s  o r  food coatings) and 

absorption i n t o  the oute r  l aye r  of so l i d  foods ( i . e , ,  r i c e ,  

s l i c e d  meat). Thiamin and i r o n  enrichment food p rac t i c e s  show 

t h e  bas ic  methods. 
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D. EXPEIU3'iENTAL RACKGROUTID 

1. Toxic i ty  i n  rats - Feed 20 rats 100 times the  expected quan t i ty  

with cont ro l s  f ed  none. Determine: 

a. Growth r a t e  f o r  t h r ee  weeks 

b. Appearance : general  - autopsy with his tology of anoma3.f c s 

c. Blood study 

1 )  Hb 
2)  WBC 
3) Dif f e r en t i a l  
4) Serum pro te ins  

d. Urine 

1) Appearance 
2 )  Pro te in  
3) A.A.N 

e. Reproduction and l a c t a t i o n  - 3 generations 

f. Food e f f ic iency  (5 days at  4 weeks of age). 

2. F e a s i b i l i t y  - 10 rats fed  expected l e v e l  
- t e s t  a n a l y t i c a l  system 
- t e s t  food preparat ion + ea t i ng  i n  rats 

3. P i l o t  study with (1)  20 rats and (2)  3 monkeys 

a, Singly - 6 maykers 2 cont ro l  
b, MiLtiple - 6 markers 4 cont ro l  
c.. Mul-tiple markers i n  mult iple foods con t ro l  

1) Test  recovery 
2) Food e f f ic iency  
3) Growth, reproduction e f f e c t s  ( 1  generation compl.ete) 
4) Blood, urine,  t i s s u e s  f o r  mar1:;ers 

NOTE: Much of items D- 1, 2, and 3 could be accomplished i n  

one protocol, a s  out l ined herein:  

De t a i l s  of t h e  need f o r  rnonlreys a r e  out l ined below s ince t h i s  i s  

work which Codd  be ca r r ied  out i n  a rout ine  monkey colony; i , e . ,  ?;ha?; 

of t h e  S i n c l a i r  Research Farrn. 



Animals - rats and monkeys 

Age - 4 young and 4 young adults/ep. 

Duration -. 1 montli - intensive 

3 months - extensive 

1 year -chronic 

l w e e k  - Food eff ic iency study 

Diet - Standard 

Marlrer quant i t i es  o, ppb and lOOX t h i s .  

Design 

Analyses 

a = Food a t  0,  1 and 3 months 

b = Feces 

c = Urine 

d = LThole body 

e = Tissues separately:  l i-<er,  kidney, muscle, brain ,  bone and blood 



Monkey ~ p e r i m c r ~ t  s 

1. Recovery: (a) t h r ee  adu l t  monkeys f ed  6 r a r e  e a r t h  metals s ing ly  

and sir, ( o r  10) toge ther  t o  t e s t  recovery of o r a l l y  administered 

markers i n  feces  during t h e  next 10  days. These monkeys can be  

t h e i r  own con t ro l s  before  and a f t e r  t he  t e s t  period. 

b )  Do t l l i s  with dye and Cr02 markers t o  compare "knovn 

stand'%-ds" wi th  t he  above. 

c )  Compare r e s u l t s  of ( a )  and (b )  Trith da t a  from known food 

consumption and food cor~posit ion.  

2. Food e f f i c iency :  Feed 3 young female moiT-.ey 6 ( t o  10)  heavy metal  

markers at t e n  t imes t h e  pep.%. l e v e l  expected t o  be used and t e s t  

food e f f i c i ency  f o r  4 treelis, irhere: 
- ro~qth 

Food e f f i c i ency  = good 
This  requ i res  exact  measurements of t he  t o t a l  food in take  and an 

accounting of wasted food. Deteimine i f  t h i s  is  ch,anged compared 

t o  t he se  monkeys t vo  weeks p r i o r  t o  adminis t ra t ion of t h e  markers 

and wlien compared t o  3 con-krol animals during a comparable period,  

3. The monkeys used i n  RO. 2 sh~u.2.d be continued through reproduction 

and l a c t a t i on .  The usual  obscrx-ations f o r  hea l t h  should be recorded, 

Blood, feces ,  ur ine ,  h a i r  and 1 1 i l . k  should be examined f o r  markers 

each six months. 

4. Three adu l t  monkeys should be fed  10  t imes t he  highest  1evqels 

expected t o  be used, Af te r  t?:o months they - r r i l l  be s ac r i f i c ed  and 

examined f o r  markers : feces ,  vxine, h a i r ,  s l av ia ,  skin,  rncscle, eyes, 

bone, l i v e r ,  spleen,  l u ~ s s ,  3:idney, b r a in  a 4 each alimentary t r a c t  

compa.rtment contents  (concentrz i ion and t o t a l )  and washes wall, 

5. Hunan t e s t s .  

a. Taste  t e s t .  Dif ferent  types  of Poocis v i l l  have marker added 

and compared t o  con t ro l  foods ' ~ r e8 t ed  i n  t h e  l i k e  manner wi th  

no marker added. Thesc s ! i l l  be evaluated i n  a t a s t e  prtnel. 

b. Four huvans v i l l  td:e the  est imated cjuantity of markers each 

day f o r  100 days. Kcdical exart!inatio)i and determination of 

t h e  markers v i l l  be m:lrle i n  blood, u r i n ~ ,  h a i r ,  and n a i l s  

a t  25 day i n t e rva l s .  



Blind food t e s t .  Ten young, ridxed sex adu l t s  w i l l  be paid 

t o  e a t  at  a d i e t  t a b l e  f o r  30 days. They v i l l  not ki~ow cxact  

da tes  of t h e  protocol. A l l  of a va r i e ty  of food avizilable 

t o  each subject  w i l l  contain nonabsorbed markers. Gomplete 

co l l ec t i on  of feces  each day w i l l  a l l o v  t h e  quan t i t a t ive  

determination of t h e  amount of each marker. This quan t i ty  

w i l l  provide an accurate record of t h i s  spec i f i c  nu t r i en t  

in take  i f  t he  marker were incorporated i n t o  t h e  food i n  d i r e c t  

proportion t o  t h e  amount of t h e  spec i f i c  nu t r ien t .  A 

pro toco l  i s  indicated:  

EX Act iv i ty  - 
1 24 hour co l l ec t i on  every day 

Physical  exanination t h i s  date and once each 
, 7 days t h e r e a f t e r  

2 -3 Diet  (no marker) 

4-10 Diet plus marker 

11-17 Diet  (no marker) 

18 -24 Diet  p lus  marker 

25-30 ~ i e t  p lus  marker 

Subjects w i l l  e a t  only a t  t h e  d i e t  t ab le .  They can e a t  

anything ava i lab le  i n  any quan t i ty  i n  quan t i t i e s  t o  be 

measured exact ly  and t o  provide 1500-2500 Kcal dai ly .  

TAJritten Standards. The nethods developed f o r  food preparat ion with 

nu t r i en t  ind ica tors  V i l l  be m i t t e n  f o r  production adaptai;ion, The 

standards methods f o r  t e s t i n g  f o r  t he  markers w i l l  be given i n  detaa-il. 

An evaluat ion w i l l  be given of t he  usefulness of t he  concept developed 

f o r  f u tu r e  as t ronaut  f l i g h t s .  
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Table 1 

Types of Nutrient  Ind ica tors  

A. Elements 

1. Heavy, i n e r t  metals - 

2. Enrichment of na tu r a l  isotopes (I<, ~ ~ 0 )  

3. A r t i f i c i a l  i sotopes  

B. Compounds 

1. Inorganic 

cro 

2. Organic 

a. Natural  dyes 

Beet J u i c e  

Carmine 

b. Synthetic dyes 

Fluorescene 

c, Excess Nutrients,  bone, f a t ,  f e  

d. Other 

(1) Unnatural Fa., AA? s te ro id ,  Carote!ioids 

(2 )  Lignin 

3 

(4) Nitrogen 

C, Pa r t i cu l a t e s :  

1. Polymers : Polystyrene, rubber, g l a s s  

2. Cells:  Yeast i_ death 

Bacter ia  (spores)  2 death 

3. Charcoal 

4. Other - corn, s ized metal o r  p l a s t i c  p a r t i c l e s  i n  t h e  micron 
range. 

D. Other: combinations a s  gold abso14ed onto 200 mesh rcs:i.n. 



Table 2 

SUGGESTED NUTIIIE;l!?TS TO BE 14ARKED AND MIVIERS 

The nu t r ien t s  Marker 

Pro te in  

Fat  

Carbohydrate 

Fo la t  e 

H20 (food) 

Au-gold 

Eu-Europium 

Dy-Dysprosium 

Gd -Gadolinium 

Ho-Holmim 

~r - ~ r b  i u m  

Y-Ytkrium 

T-Titanium 

Se -Scandium 

Ce-Cerium 

-- 
La -Lanthanum 

i! 

Zr-Zirconium 

The above t e n t a t i v e  l ists suggests t h e  elements t o  be considered 

with nu t r i en t s  of i n t e r e s t .  D r s ,  E. Cox and J i m  Vogt i n  t h e  Research 

Reactor a r e  col laborat ing i n  a survey of poss ible  elements 



Nutrient Indicator  Feas ib i l i t y  Protocol 

February 1971 
- : 

I. Animal - Rats, Sprague-Dawley S t r a in  (o r  su i t ab l e  s u b s t i t u t e )  
young, adu l t ,  male (about 200g) 

11. Housing - Individual  wire bottom or  metabolism cages. 

111. Water - ~ i s t i l l e d ,  ion exchange water with 1 mi l l ion  ohms 
r e s i s t ance  placed i n  p l a s t i c  waterers with p l a s t i c  covered 
stoppers and s t a i n l e s s  s t e e l  nipples.  

I V .  Food - A commercial r a t  chow i n  f i n e  granular form 5 nu t r i en t  
i nd i ca to r s  as  needed. 

V. Use of markers 

A. Fecal  Marker - Mark beginning and end of each co l l ec t i on  
period with b r i l l i a n t  blue dye as  a f e c a l  marker i n  foocl. 
Begin co l lec t ion  at f i r s t  s ign  of dye. End co l l ec t i on  with 
first s ign of second dye appl icat ion.  

B. Collection Marker - The use of t h i s  marker w i l l  allow t h e  
determination of t o t a l  f e c a l  output.  It i s  given 2 times 
d a i l y  beginning p r io r  t o  co l lec t ion  by: 

4 days i n  small l a b  animals 
5 days i n  dogs and small  primates 
6 days i n  humans and l a rge  primates 

8-10 days i n  ruminants and l a rge  animals 

C. ~ u t r i e n t  Marker ( s ) '  - These a r e  ind ica tors  placed i n  t h e  
d i e t  i n  known proportion t o  any desi red nu t r i en t s .  They 
a r e  given a t  same time as co l lec t ion  marker. The markers 
w i l l  be received a t  a concentration of l&g/ml. An appiro- 
p r i a t e  quant i ty  w i l l  be added t o  a small quant i ty  of d i e t  
as d i luen t  and t h i s  mixed i n t o  more d i e t  using no g rea t e r  
than 10  fo ld  d i l u t i on .  Three r ep l i ca t e s  w i l l  be analyzed 
t o  e s t ab l i sh  honogeneity . 

V I .  Rat F e a s i b i l i t y  - A blethodology Study - 
A .  Excretion S t ab i l i z a t i on :  t o  determine how many days a r e  

required t o  give a uniform excretion pa t t e rn  i n  r a t s  fed  
a commercial chow. 

1. Feed l ab  chow with f e c a l  marker, co l lec t ion  marker, 
an8 4 nu t r i en t  markers t o  4 male, young adu l t  r a t s  . 

2. Collect . a l l  feces d a i l y  f o r  6 days. Discard those  of 
day 5. Record t h e  subject ive  observations of t h e  eye. 



3 .  Weigh the  da i l y  f e c a l  co l lec t ion  f o r  each individual .  pry 
overnight a t  O C .  Grind with mortar and p e s t l e  ( t o  approxi- 

. mate 20 mesh) , mix ,- weigh and take dupl icate  samples and run 
ac t i va t i on  analysis  f o r  des i red elements. 

4. ca lcu la te  d i a l y  excretion of co l lec t ion  and nu t r i en t  markers: 
P lo t  excretion curves. 

5. Repeat as  des i red with d i f f e r e n t  d i e t s .  

B. Diurnal Variat ion - t o  determine i f  t he r e  i s  a  spec i f i c  d iurnal  
excretion pa t t e rn  f o r  t h e  r a t  and i f  it i s  poss ible  t o  s e l e c t  
su i t ab ly  sanpling times. 

1. Continue experiment VI-A f o r  3 ex t r a  days, with t h e  4 r a t s  
f ed  same d i e t  and markers. 

2. Collect feces df each r a t  four  times da i l y  a t  t he  f ~ ~ l l o w i n g  
spec i f i c  t imes:  9 a.m., 3 p.m., 9 p.m.  and 3  a.m. 

3. Keep co l lec t ions  f o r  d i f f e r en t  periods (4 periods ) , d i f f e r en t  
rats (4 r a t s ) ,  and d i f f e r en t  days (3 days) separate .  

4. Process samples f o r  analysis  as previously described.  

5 .  Analyze d i e t s  f o r  i n t r a -  and inter-day var ia t ions  and between 
animals va r i a t i ons .  

C. Random Sample Study - t o  determine i f  t h e  use of t h e  col-lection 
marker w i l l  allow sa t i s f ac to ry  use of random sampling without need 
f o r  t o t a l  co l lec t ion .  

1. Feed l a b  chow with f e c a l ,  co l l e c t i on  and 4 nu t r i en t  markers t o  
6 male young, adu l t  r a t s .  

2. After  a  s t a b i l i z a t i o n  period,  co l l ec t  a l l  da i l y  s t oo l s  f o r  6 
. days. Weigh, dry  overnight a t  O C .  Weigh t h e  dr ied s t o o l s  
and accurate ly  but  randomly divide t h e  feces of each animal 
i n t o  4 samples which consis t  of ( a )  l o % ,  (b )  20%, ( c )  30% and 
(d)  40%. Composite samples of same percentage f o r  each r a t .  
Grind, weigh and take  3  r e p l i c a t e s  f o r  ana lys i s .  

3. Submit t o  ac t i va t i on  a n a l p i s .  ca lcu la te  quan t i t i es  of each 
of t h e  f i v e  markers i n  each sample. 

4. Calculate % of t o t a l  i n  each of t h e  four main samples o r  com- 
binat ions  as  follows: ( a )  = l o$ ,  ( b )  = 20%, ( c )  = 3 0 % ~  (d )  = 40%, 
( a )  + (b) = 30%, ( a )  + ( c )  = 40%, ( a )  + (d) = 50%, (b )  + Cc) = 507, 
(b) + (d )  = 60%, ( c )  + (d )  = TO%,  ( a )  + (b )  + ( c )  = 60%, 
(8)  + (b )  + (d l  = 7 0 % ~  (b)  + ( c )  + (d )  = go%, ( a )  + (b) + ( c )  + ( d )  = 
100%. 



D. Re l i ab i l i t y  f o r  Diet ~ a r i a t i o a s  . .- 

1 

Exact food intakes  w i l l  be recorded f o r  t h e  following d i e t s  
and w i l l  be fed t o  6 yound adul t  male r a t s  f o r  a period of . "  4 days pnior t o  t h e  co l lec t ion  of feces:  

< 

- 
1. Laboratory chow powder ( ~ u r i n a  No. 56) . 
2. A s  no. 1 plus a f e c a l  marker a t  day 4 plus a co l lec t ion  

marker twice da i l y  (10-12 h r s  apar t )  and 4 nu t r ien t  markers 
i n  known proportion t o  ca lo r i e s ,  Ca, K ,  Fe content of d i e t .  

3. A s  no.1 with 10% f a t  added plus markers i n  t h e  appropriate 
proportions.  

,I 4. A s  no. 1 with 20% f i b e r  added plus markers i n  t h e  appropriate 
I proportions.  

I 

, 5.  ad" Apollo d i e t  plus t h e  same markers i n  appropria1;e pro- 
por t ions .  The feces  of each r a t  f o r  6 days w i l l  be combined, 
d r ied ,  mixed and t r i p l i c a t e  samples taken f o r  activa1;ion 
analysis .  Actual and estimated nu t r ien t  in takes  w i l : L  be 

" compared t o  e s t ab l i sh  r e l i a b i l i t y  of t h e  method. 

E. Analyze t o t a l  carcass of 3 control  and 3 experimental r a t s  from D. 

VII . 
4 r a t s  
5 days 
2 samples 

40 samples 
t 

4 r a t s  
3 days 
4 samples 

48 samples 

6 r a t s  
.4 samples 
3 r ep l i ca t e s  

72 samples 

6 groups 
6 rats/group 

36 r a t s  
3 r ep l i ca t e s  

108 samples of feces 

6 d i e t s  
3 r ep l i ca t e s  

- 
E. Tissue content - 6 r a t s  

Total  40 + 48 % 72 + 
108 + 18 + 6 292 





Nutrient  Ind ica to r  Conference 

On Wednesday a t  10:OO a.m., Februmy 17, 1971, D r s .  Lucliey aind A. 

Kotb met i n  t he  Nuclear Reactor F a c i l i t y  of UMC with D r s ,  J i m  Vog-t and 

Mike Kay and Don Gray. The subject  was ways and means i n  which we could 

use k%e nuclear a c t i va t i on  ana lys i s  f o r  t he  determination of f i v e  elements 

which would be used ads markers i n  a d i e t  of animals and eventually humans, 

The immediate problem was t o  determine if  cooperation would be avizila3le 

f o r  rat experiments t o  begin wi thin  t e n  days and ~ i h e t h e r  o r  not i-t seenlnd 

f ea s ib l e  t h a t  5 elements would be ava i l ab le  f o r  use i n  Apollo 15 d i e t .  

The a t tached l e t t e r  was t he  r e s u l t  of ow discuss ion with D r .  Kay on 

January 12 and two or  t h r ee  telephone conversations with him and Dr. Vogt 

s ince  t h a t  date. This formed the  background t o  our meeting. 

Irmnediate app l ica t ion  w a s  made of t he  analyses of Brodzinski e t  a l ,  

on 17 elements of feces  of Apollo as t ronauts ,  t he  references a n d  pe r t inen t  

f i gu re  from t h a t  r epor t  a r e  attached. Much of t he  conversation revolved 

around t he  quan t i ty  of element which could be determined. It was agreed 

t h a t  t he  l e t t e r  contained values which ?&rere at  l e a s t  10 times higlier ?;ban 

they needed t o  be. Using 1 gram sample s i z e  as a standard and 5 microgrzms 

of the  element t o  be determined., it was estimated t h a t  t h e  d i e t  could con- 

t a i n  approximately 1/2  microgram per  gm s ince  bioincrassat ion can be ex- 

pected t o  give a 10 fo ld  concentrat ion of anything i n  t he  d i e t  which i s  

not absorbed. The loiier quan t i t i e s  would give somewhat l e s s  accu:racy i n  

t he  counting s t a t i s t i c s  but  it was believed t h a t  t he  ove ra l l  precis ion 

i n  t he  a n a l y t i c a l  method. would be wi th in  a 5$ error .  Rather than use t he  

elements suggested i n  t he  February 15 l e t t e r ,  it was agreed t h a t  f u r t h e r  

search would be made f o r  more favorable elements. Arb i t r a r i l y ,  i-t  seems 

be s t  t o  use smaller  quan t i t i e s  i f  sensi.i;iviJ~y and accuracy were equ-al. 

A major problem i s  t o  determine a group of elements which can be analyzed 

sirnulataneously i n  t he  same sample, t hus  the re  would be no major i n t e r -  

ference with anyone from any other ,  This tends t o  r u l e . o u t  europium vhich 

has many rad ia t ions  a t  d i f f e r en t  energy l eve l s .  Others which w i l l  be 

looked a t  v i l l  be i r i d iun ,  terbium and scandium. Dysprosium, gadolinli-wn, 

y t t r ium anc2 t i tanium s t i l l  seem t o  be p o s s i b i l i t i e s .  Based on the  ou t l ine  

of nu t r i en t  ind ica to rs  presented i n  February, 1971, 3?a,ge 9, Table 2, it 

was f e l t  t h a t  a t o t a l  of 15  ind ica to rs  would be the  m a x i m u m  soup&.t i n  OUT 

broad search. 



Immediately, we w i l l  concern ourselves with the  f i v e  whicli sclern mo::t 

f e a s i b l e  and r e a d i l y  avai lable .  Activation at UMC w i l l  be used f o r  the 

immediate experi~nents and rout ine  work w i l l  be sent  t o  II-Iandford v i a  

d i r ec t i ons  from Ilouston. Recent pub l i c i t y  on the  Handford p l m t  ~;uggests  

t h a t  t h i s  may not be a r e l i a b l e  source f o r  a c t i va t i on  ana lys i s  work. 

D r .  Vogt's l e t t e r  suggests otherwise. 

It w a s  antici.pated t h a t  a shor t  exposure i n  our reac to r  followed 'by 

one week decay with counting t he r ea f t e r  -ci70uld give adequate da ta  f o r  t he  

r e s u l t s  which we a r e  seeking. Arrangements were made f o r  t he  cornminute4 

68 Apollo d i e t  t o  be a n a l y ~ e d  a s  soon a s  possiible. It was suggesl,ed t h a t  

t he  "high" gold i n  a s t r o n a u t f e c e s  comes from the  gold used i n  t h e i r  

equipment r a t h e r  than from a d i e t a ry  source. The meeting adjourned on a 

note t h a t  we would meet i n  10 days with more information and t h a t  anirfial 

experiments could begin i n  t h e  f i r s t  week of March. 

The a t tached animal experiments protocol  was developed follo'cring 

t h i s  meeting. 



NUTRIENT INDICATORS 

SECOND COlFEI.IFNCE ON ACTIVATION ANALYSIS 

On Friday, February 26 a t  10:OO a.m. ,  D r s .  Don Luckey and 

Ahmed Kotb met f o r  t he  second time i n  t he  Nuclear Reactor F a c i l i t y  

with D r s .  J i r n  Vogt and Mike Kay. 

1. Dr .  Kay presented a l i s t  of f i v e  elements with t he  desired 

concentrat ion of each i n  t he  feces.  The choice of these  

f i v e  he sa id  was based on experimental evidence: 

Terbium >, 1 pg 

Ytterbium >, 1 pg 

Lutetium a 0 . 1  pg 

Tantalum 3 1 pg 

I r id ium > 0.5 pg 

2. From the  discussion,  it was suggested t h a t :  

a. counting would start one week a f t e r  i r r a d i a t i o n  

of samples t o  allow f o r  N a  decay. 

b. drying of samples should be ca r r i ed  out a t  80'~:. 

c .  t h e  1 - m l  capaci ty  Xolland v i a l s  should be tried1 

f i r s t  f o r  holding samples. 

3. D r .  Luckey discussed. t he  "Balance Study Model" and the  nuniber of 

samples t o  be analyzed i n  t h e  rat f e a s i b i l i t y  study. It was 

agreed t h a t  t he  design looked good. 

4. It was decided t h a t  samples of the  l ab  chow d i e t  should be 

i r r ad i a t ed  f o r  ana lys i s  of t he i r  contents of t he  f i v e  mentioned 

elements. 

5. D r .  Kay agreed t o  del ivey so lu t ions  of these  elements t o  Dr .  Luckey 

on Monday, March 1, 1971 so  t h a t  exact amounts can be mixed with l ab  

chow t o  check the  accuracy of t he  technique of a c t i va t i on  analys is  

when samples of' the  d i e t  containing these  markers a r e  submitted 

f o r  a c t i va t i on  analys is .  

6. D r .  Luckey suggested t h a t  cerium be included i n  the  l i s t  since it 

has  been widely used and accepted. D r .  Vogt agreed t o  have Ce 

at a concentrat ion of 4 )g/grn of feces  t o  replace  tanta:Lwn. 
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T. D, Lucl;c>y, Prof'cssor of Biochernistiy 

Universi:;y of kfissouri School of Medicine 

Coluri~bia, Missouri 65201, (314) 4lt2-5111., Ext , 404 
Marc11 - 1371 

INTRODITCTION 

A metliod i s  proposed t ~ b i c h  t r i l l  al-2.077 t h e  intcilie of tlie t0i;a.l. 

mount  of food o r  an4- give11 nu t r i en t  t o  be  accura te ly  monitered, To t a l  

food in tdce ,  axid an)- spec i f i c  nu t r i en t ,  i s  d i f f i c u l t  t o  ob ta in  :iccurat,c - 
ly i n  experimental aij-mals anrl/or. humans, Most s k d i e s  a i t h  huoans a r e  

suk jec t  t o  e r r o r s  by t he  s ~ l b j c c t ,  Animal s t ud i e s  a.re open t o  e r r o r  
.c 

through wased food vhich i s  d i f f i c u l t  t o  recover, through contanina-Lion 

of trasted o r  presented food with excre ta  o r  s t r e s s e s  of t he  ani-mal 

' v i t h  r e s t r i c t e d  movement. 

The most exact  method of de4;emfiinrilig t he  intake of a given nu t r i en t  

witliout personnel  feeding each s ~ l b j e c t  wo~ild be  t o  add a marker t o  t h e  

Ec2od ?;~rhi.clz could be accurate ly  dete  miined i n  t h e  co l l ec ted  f ecc s, TI? is 

~, :ould  be  a.pp]-ic&l.e "i;o cxper:imen.i;al and p r a c t i c a l  i.ror!.;, One expe l ? i~~cn t  a]. 

use we arc p ~ ~ s u i i i g  i s  .f;o deteTm5.ne t he  contents  of  tlie alimenta:r3' t r a c t  

campal-tments. A p r a c t i c a l  use would. be t o  delemine has? much pl*o-l;ein 

o r  c a l o r i e s  we cons~?~r;ed by a 2  zs-l;roll;iut durj.11: a f l i g h t ,  Uli:6iina.te 

app1ica.t ion  Tn c1eman(is c o n s i ~ l e ~ ~ i b l e  experimental i~?oi-1; t o  give an 

apprec ia t ion  of whart miglit ?JO~!,;, hos.7 e f f i c i e n t  t he  marker i s  arid 

~qhetlier o r  not  it could be hamfu l  

TISEOEY 
-,--- 

A l l  of a vay ie ty  of f'oo6s axraj.lctl~le t o  t h e  subject  i,lil.l con-bail~ 

nonabso?;i,ed markers, Comp1e.t~ co l l e c t i on  of f e ce s  each day wi:Ll.. allow 

t h e  qunntita't-ive determination of t he  mount of each marker, This 

quar1ti'i;y t ? i l l  p.l-ov:'i.de mi accv.r:i"ce ~ c c o ~ d  of t h i s  spec i f i c  nutrfi-ent i n -  

t ake  if' the  u ~ a r l i e ~  ?,?ere inco:rpo:rrj:1-cd :into tlzc food i n  direc.i; p:roporbioj? 

t o  t h e  ~imounl; of t he  spec i f i c  n u t r i e ~ i t ,  One t o  t e n  mar1;erc w i : L l  13e 

sov.~$t vhich are vir'~ual1.y not a l~ so~be i !  and can be user1 211 t h e  pl~b--p:pni 

range t o  ind:i.criie 1 1 0 ~ 1  niuch o:i? a given n~str ieni; ,  i,e. p ~ o t e i n ,  :is ini;i!::'i;ed 

by t h e  su11Jec-t each d.ay. 



The new method incorporates  a nu t r i en t  5.ndicator i n  all fcod av~ij-1- 

able ,  a nona3sor77eci mmlier would be aCided t o  t h e  food i-n d i r e c t  propor- 

t i o n  t o  t h e  ailount of nu t r i en t  i n  t h e  food, Colleetj-on of ,211 feces ,  

honogenization and a ~ a l y s i s  f o r  t he  marker t?ould give a d i r e c t  mcans 

t o  determine 110s~ much of t he  nu t r j en t  ?!as ingested,  Using a collec-bion 

marlier Dr .  ICotl~ and I have developed a metllod s ~ i t t l  heavy metal-s: which 

s~ou ld  d l o w  the detem1in3,tion of mul t ip le  marliess v i t h  only p a r t i a l  

c o l l e c t i o n  of excreta.  

The T J O ~ ~  required i s  out l ined on t h e  f o l l o ~ ~ ~ i l l p :  pages, Cal-ories, 

Ca, K and Fe v i l l  be  detcrm-Lned d i r ec t l y  and v i t h  mal.liers i n  a in1zl.i i p l e  

approach t o  t h e  subject ,  The two rne"cods w i l l  be c o q ~ a ~ e d  t o  5-nilicn-be 

t h e  va1idi . i ;~  of t h e  nev n~ethod a d  t o  provide a pro toco l  f o r  Arture 

b ~ l a n c e  s tud ies ,  The method v i l l  allosr t h e  accurate  deterxin,?;l;iolnio of 

t h e  conswaption of one o r  more nu.tri.en4is from ana lys i s  of s t o o l s  even 

?rkile t h e  sub jec t s  a r e  f ed  p m t l y  s t y l e ,  

B, LT'EFJiTUTXE 

I, A coo~plet~e l i t e r a h m e  search i s  i n  progress a3.d w i l l  be  fi.n:i.skred 

i n  June 197.1-. 
2, S r ~ f o l ~ ~ a t i o n  su~dnarized i n  seminar 

3. Publ ica t ion of a comple-te, c r i t i ca .1  review of l i t e r a t ~ l r e  on 

markers i n  n u t r i t i o n  

1.1, Evalv.ate poss ible  types  of mar!,;er materi-als poss:~ble :mci se l e c  t 

represen ta t ive  of t he  be s t  type f o r  tesl i-ng,  Table 1 indi.ca.i;e:; 

those  considered, For mu l t i r l e  nu t r i en t  i nd i ca to r s  t o  be used 

i11 hmans  a.s t r e l l  a s  a n i ~ a l s ,  heavy metals  which can 13c dete:m~lnec'l 

by. a c t i va t i on  ana lys i s  zppear .to be tlze b e s t  choice, !Phis seems 

superictr t o  a s e r i e s  o:P dyes and/or pa r - t i c1 .e~  t o  be iden.i;if:ied 

by cc22.01:i111etry o r  n l i ~ ~ o ~ ~ o p i c  observation, i , e , ,  colo:i*cd bac t e r i a ,  

C . PIX LTl*Q.Ni, -- '?i WOIi?C : 

1. Chnrac.tcri-:;tics of markers, 

' Rc:cord t h e  charac.teristj .cs of tile speci:fic rna~lceus t o  be u:;cd, 

This  :;hall inclztde mc.tllods t o  add each marker .to t he  food and metl~od 

t o  be  used f o r  t e s t i ng .  The use of m~zl t ip le  marl:crs will require 

t e s t i n g  f o r  cor~pntibi2it-y which s~ould  not be needed i f  oi13;3;y one o r  

l;tio vel-e .to he used. Ten t o  f i f t e e n  of t he  most promising r?ix1:3ic:rs 

should be excu:tln:i ~?eii. 



-3 - 
Tlze c r i t e r i a  s o u ~ l ~ t  f o r  a succcss:ful nu t r ien t  ~ a r l r c r  w i l l  he: 

1) mot absorbed clur-ing c!igcstion; 2) not radioac Live; 3) r ead i l y  

dispersed i n  a varicLy of foods; 4) 110% vol-at i le  during f'cccs 

I ;  5) de t cc t a l~ l e  i n  small- quaii-bities; 6) r ead i l y  iic tected 

with a m i n i l ~ ~ m  of' mani11u.l z'tions; 7)  have 1077 inz ter ia l  a%wndalce 

i n  d i e t ;  and 8) be ne j ther  toxic t o  t he  host  nor a f f e c t  t h e  

d i g e s t a b i l i t y  of any fooc i s t~€ f .  Heavy metals and p a r t i c u l a l y  

solae of t h e  yare ea r ih  rnetals could be s t  be used t o  give a mu4tjp7-e 

approach throu& a. sii@e asssjr w i  tl.1 ac t i va t i on  

2, Back~rou~ld  data ,  

a. Deterrn_i_lie t he  mount of bac!rground tyaces  of t h e  10-20 1nar1:ers 

t~ l i i ch  occur naturall-37 i n  Apollo die,ts,  This can begin v i t h  

t h e  Composite 1958 d.ie-t. 

b. Determine baclrgrou~d t r a c e s  i n  Apollo dri~ll;ing ??atera 

c, Detel-mine background. t r a c e s  of -the 10-20 markers i n  s t o o l s  

from lipollo d i e t  ea te r s ,  

3 Markine Food, 

a, Form of Marl~ers (1) co l lod i a l  suspension 

(2)  so lu t ion  

( 3 )  adsorbed on t h e  i lyjesta 

( h )  capsules, d i l u t ed  as desi red i n  lhc-lose 

o r  methyl eel-lulose . 
b, $la.-terrials sucges-bed are l i s t e d  .in T ~ b l e  2. Five of these  aye 

presen t ly  %cine v.sed. The oil~e's a r e  ~-iier.ely s u g ~ e s t i o n s ,  T i l ~  

mos-t 5 .nteres t i .n~ n ~ t r i e j - ~ k s  a r e  suggested, This proposed ~.?o~-lr 

173-1.1 pro.vi.de capCl~i.li.ty t o  measure .any nine nu:tiqients, 

c. 'Jllle nu t r i en t  i n t d i c  ~ : i l J _  'be cletermined by t he  ana lys i s  r!~ei;lloci, 

For exrir~~irirplc 10 ng of marlrer troulcl be added Toi? each @a of p:i-'o.tein 

i.n 'che d i e t  and 1 ng of ano-t'iier To]: each gm of cxrbohy-cira-be, 

For exwnplc, 80 gin prote2.n ea-Len 5.n one d.ay ~.rould supply COO n:; 

t o  5bon,-t 160 @II stool.; ?,!hen dr-iecl t h i s  would cqp~'c~?;iaate 10 I:L;;/:;I:: 

(1.0 p,p.b) mcl one nanoercan of c3yspyosium per  ~JI-I of d i e t a ~ y  

~ca-rl~ol-i.jrdrxL.~;e vouW. be sa.tir,fac.l;ory ( these  f i g w e s  a r e  exa~~iylcs  

only). 



d. BPic.thodr, "c ond.d t he  m31-1cer .to food inclucie dil.u.i;ion i n  po'\~~(l!?l-ed 

foods (i. e. f l o u r )  mid ~ l a t u r n l  Jtfices ( i. e. canned penchcs) , 
so11~A:ion tn ~ ? ~ e ~ a ~ - c ? c i  f oocir, (io e ,  jel-1.0)~ adsoq?i;ion onbo 

p a r t i c u l n t c s  ( i .  e. coll.oidnl r e s i n s  or food ~ c o a t i ~ ~ s ) ,  fil-lin[: 

of  i'oocis, and ii?)sol*pti.ol?. i n t o  t h e  o t ~ t e r  l a y e r  of s o l i d  foods 

( i ,e ,  r i c e ,  sl:i.ced meat), Thiaxin and i r o n  cnriclime~z-b f ocd 

p r ac t i c e s  slros;l the  ba s i c  ~ne"i~ods used which incltrde use of 

simula"i;ed food p < w t i c l e s  ( i ,  e ,  r i c e ) .  

1. F e a s i b i l i t y  Eata  - The ~!orlc on r a t s  given a s  Ad.dcndum A, i.s i r ?  

progress.  This  da t a  coixr^ims the feas ib i l i -by  of t h e  method and 

providcs a model system f o r  f u t u r e  ?!orlc, 

2 Toxici ty  i n  mi.ce - Feed 20 mice 100 %imes t h e  expected qu.zn%f~ky 

f o r  t l i ree generations,  ~ : i t i l  con t ro l s  fed  none, Detei~rLne i n  

f i f t e e n  feinales: 

a, Gros?t!l rzte f o r  'chree 7:eek.s 

b, Appearance : general  - autopsy v i t h  !iisi;olog,~ or" a i o n a l  ies: 

c. Blood s~l;u.dy 

a )  11% 
2) IJBC 
3) D i f f e r e n t i a l  
4 )  Serum p ro t e in s  

1 )  Appearance 
2) Pro t e in  

e ,  Repyoduction and l a c t z t i o n  - 3 genei-al~iol?s 

2, Sac r i r i c e  a.ld alialyze tlie tota.1. carcass  l e s s  blood and GI: 

.byact f o r  m s ] r e : p  clelficnbs i n  six adul.t, ( 3  males a d  3 fc:.c.;::.l~~) 

3. 3So1d;cy F c a s i l ~ i l i t y  Protocol ,  

D ie t   ill.. 1)e monkey cbo?? -Lre;ited a s  dcs i red,  

A. Balance $bur& - Feed 3 adu l t  r o o ~ ~ c y s  10 t imes tlie Xrnoo-iin-i; of 

10 markers f o r  10 d:vs v i t h  5 day a d a ~ ~ ' ~ a t i o l 1  period,  



(a) I?nod : i ~ ? [ ~ i k r j  t o  11c lien:;urrd 

(b )  Fccul  cmd w5 nary  r x c r c t a  t o  be c o l l  ectcrl qllani-:itni;j vr! y 

for analys is .  

( c )  Activtit:ion and. c l i e ~ ~ d c n l  a n a l y s i s  of (1 )  i i i e t  and. ( 2 )  e>:e-rLI:a: 

(1) 2 x 3 ( t r i p l i c a t e s )  r 6 scunplcs, 

( 2 )  3 x 3 x 2 x 3 (till-ec 5 day c o l l c c t i o n s )  = 54 sax~pIc; 

Three mature female moikeys are t o  be  f e d  8-10 markers at 1 0  i jmcs  

expected l c v c l  of use 3 f e d  no marlc~rs. Tliey ? r i l l  be b ~ c d ,  

The u s u a l  o1,scrvztions of h c a l t h  h - i r i l l  be  made d u x - 5 . ~  p r e g n a ~ c y ,  

and lac ta t iovi  of 3 rnonlicys and. one conbrol. Blood, f eces ,  + ~ i i i c ,  

h a i r  and mill< vi.11 be exa,~nilied each 6 ~noliths. 

5 samples x 6 rnolaceys x 2 examination x t r i p l i e  a t e s  = 180 sa~llp:' PC, 

c ,  Absorp't:ion oE 1?1=1ie~s  ill be checked i n  3 a d u l t  riiol3:eys f e d  LO t i r e s  

t h e  l e v e l  of use expected duTing a 2 montll period,  Ti?e f o l l o - i ~ i n ~  

t i s s u e s  v i l l  lie aial-yzed f o r  t h e  markers: f eces ,  uxj.ne, skin,  musclc!, 

bone, l i v e r ,  blood, lu?xs, kidney, b r a i n  and e acl-r alil;;ici?i;a~y -bract 

coxpai.tmenb 'and ?.!ashed ?&!all, These c 0 1 ; ~ a ~ ~ m e n t s  al-e oral--phary-~?zeal ,  

esopllagus, stonacli, duorien~x~, j e ~ ' L L Z I U ~ ,  i l e~un ,  c e ~ u n - ~ . p p e ~ l c I b : ~  CO! OII 

aid rcc.l;~)~~ (20 compai.'i.xei;.tc and 2 col-qosite s ra l l s ) ,  One c o n t r o l  

momkey v i l l  be s n c r i f i c d ,  

d, Analysis:  p a r t  1 = 60 sanlples 
2 = 180 samples 
3 = 264 s m p l e s  - 

T o t a l  $04 

$ cil;hei*s .to be nruncd a:; sooil zr, calculn-kior~s a r e  conple-beti, 



4. Xw~lrzn J;lcas.i?~il.iLy Stuciies 

a, Recovery - Two adtilt  males vi11 talie f ou r  L5rnes t h e  exl3cc"ieci 

da-ily ii~L?d:e nl; one dose, Fecal  col.lections bcPo~'e (3111~in~;  

tile i ~ e s t  8 dqrs  r . r i l 3  be analyzed t o  d e t e ~ ~ n i n e  tlie 10s:; ctrvc 

and t h e  proportioil recovered, Ei2h-G days x triplicates x 2 1ucn4 = 

54 smiplcs. 

b, U s e x e  - Three adu l t  ~ 1 2 2  e s  r .~- i l l  %die t h e  d a i l y  expccJicd i,r~"i&.,l;c 

of marlrers each day f o r  100 days, Physical  exaninatioiir, 1 d i 3 . l  

b e  made before and f o l l o ~ r i i ~  t h i s  pzriod. One day aiii  6 day 

f e c a l  samples r ~ i l l  l ~ e  taken -G?.~ice d u r i i ~ g  %his t e s t ,  Blood ancl 

u r ine  saliples r l i l l  be analyzed at 1, 2 and 3 months. Fourtec!~ 

samples x t r i p l i c a t e s  x 2 nien 1 84 samples f o r  analysfis. 

c. Taste - 10  rcpresent;_:l;ive foods w i l l  be prepared v i t h  m d  vi.tI.ou~i; 

t h e  expecJied inad~ers .  Food without markers T r i l l  be  t r e a t e d  viJih 

an equal  quan t i ty  of d i s t i l l e d  water. These v i l l  be r;ul~mi-Li;ed 

t o  t a s t e  panels i n  order  t o  deterrmiiie aily d-ifferenee :in -baste, 

d. Ea.lalce S-tu-cly - Tllily;y d i r f e r e n t  foods w i l l  be prepared ~ 6 t h  

appropr ia te  quan t i t i e s  of rml.rers. These w i l l  be dis]?enscd at, 

a food t d l l e  foY 10  young adu1.t males, The fo1lo~ain.g pro-tocol  

w i l l  be  followed: 

Day Act i v i t y  

1-3 Diet  acclimatization period 

4-10 Colllection on d a i l y  ba.sie 

24 Hour col lec . t ion on days 4 through 13. 

Physical  exar-ilinatiom on clays 0 and 10  

30 Soocls .i- (10 si ibjects  x 6 collect ion;;)  = 30 s~uiiples 

e. Analysts: Tar t  1 = 54 s m ~ p l c s  
2 = 84 s : i ~ p l e s  
3 = 0 s~tlnplcs 
4 = 90 sanples 
P 

2213 

f', Balnnc e study : Crzlori e s  , calciwn, potassiwn, pro-Lciiz 



I 
E. Wri t ten  Standards - The methods developed f o r  food prepara t ion  

wit11 nu t r i en t  i nd i ca to r s  ~ l i l l  be  r r r i t t cn  f o r  production adaptat-ion, 

The standards methods f o r  t e s t i n g  f o r  t he  markers w i l l  be given i n  

d e t a i l .  An evaluat ion v i l l  be &iven of t he  usefulness  of t he  

concept, developed f o r  f u tu r e  as t ronaut  f l i g h t  so  

F. Disseivinatiolz of Knovledge : Review publ ica l ion,  Publicat5 on o r  

data ,  Seminars and I n t e r n a t i o n a l  Symposium. 
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Table 1 

T y p s  of Nu%i-iel~t I nd i ca to r s  

A, Elements 

1, IIeayy-, inci-t; metals 

2. Elwic'rlmeni; of n z t ~ ~ ~ d -  isotopes  (K, ~ ~ 0 )  

3. k t i f i c a l  i sotopes  

B, Compoiruds 

1. I n o r g x ~ ~ i c  

C r O  

2, Organic 

a, Naturaldyes 

Beet Ju i ce  

Cmaine 

b, Spi t l ie t ic  dyes 

Fluoresccnce 

c, B;cess IFatrients, bone, fat ,  f e  

dc Other 

(1) Uliliatwal Fa, AA? s te ro id ,  Caro.tenoids 

(2) Lignin 

3 I?= 

(4)  Eitrogen 

C. Part:i..culaJ~es : 

3., Polymers : Polysa~j'?"elie, rubber, g l a s s  

2, Cel ls :  Yeast i; d-eakh 

Bact,eria (s3?ores) t death 

3. Chr~rcoa-1 

4. Other - corn, s i zed  m t a l  o r  p l a s t i c  yzrJc5.cles i n  +die micron 

r m g e  

Do Otller: ~ o l r ~ l ~ : ' ~ n a t - i o ~ ~ r ,  as gold a1?soi.;h~d onto 200 riicsll rcs.i.i:, 



Table 2 

The m11;r:i.c: nl, s 

Caloric s 

Pro te in  

Fat  

Carbohydrzt e 

C a  

P 

1% 

F'e 

Cu 

1b0 (food) 

Col-le c t ion 

No -Holmiurix- 

ET-Erbim* 

Lu-Lutetium 

Ce-Cerium 

The above tents.tLve l is ts  suggests t he  e l e ~ e n t s  t o  be 

considered tlitlh 11v.t~ients of i n t e r e s t ,  D r s .  Me Kay and J, Vogt 

i n  t h e  Research Rcac.ior, UldC, are col laborat ing i n  a survey of 

possil-,le elements, Those ??it11 a s t e r i s k  have not been confin?2d0 



Time 

Astronaut Short C o ~ r s e  i n  N u t r i t i o n  

- A 10  hour l ec tu re -d i scuss ion  approach. 

Topic 

In-LroducLion, Die ta ry  Allo~rances,  Use of Food Taablcs, 

1 31r0 Digest ion,  Absorption, Met>abolis~n ant1 E x c r e t i o ~ i  

1 H r .  Discussion 

1 H r .  Fo r ty  Mixtrients become you 

- ~ d e d n t i l ' i c a t i o n ,  needs, ana lys i s ,  presence :;n foods, 

add i t ives .  

1 H r .  Discussion 

1 H r .  Conditioning Factors  and Food In take  

- Nutr ient  balance,  EnvLronment , I n d i v i d u a l  Cl?arac t e r  , 
S t r e s s ,  Digest ive a c t i o n s  and Weight con-Lyol 

1 H r .  

1 H r .  

1 H r ,  

1 H r .  

1 H r ,  

Discussion 

Problerns : 

Ontogenetic - Child (Food Faddis t  

- Teenage - Coke and cliips; Pot   and Pregilancy 

- E l d e r l y  - l i m i t e d  and s e t  xenu 
rd USA z poor: Indians ,  Eskimos, Mexicans, Applelachia 

Discussion 

Space Feeding - Beginning and. Mercury + Gern-ini 

- Apollo - s h o r t  f l i g h t  problems 

- Post  Apollo - medium (1-2 month) flligli'c pro'ul-ems 

- Use of i n  Tligl i t  and experimental  i ~ ~ f o m ~ . - i ; i o n  

Discussion 

Reading : I. 1'Jut17it:ion Manual - S t a r e  

2. Text,  P ike  and Brown 

3. Current art i c  3.c s 



Astronaut Nutr i t ion f o r  two (2 one) Months Space F l i gh t s  

I. Review development of shor t  term d i e t s  (1-10 days). 

A. Planned 

B. Provided 

C. Used 

D. Evaluation 

E. Summary of n u t r i t i o n i s t s  suggestions and response 

11. Predic table  needs a d  c r i t e r i a  of adequate n u t r i t i o n  f o r  2 5 1 

months space f l i g h t s .  

A. A i r  exchange and cleansing 

B. Water requirements balance 

C. Energy needs 

D. Fat -carbohydrate - Roughage 

E. Protein-Amino Acid needs 

F. B-vitamin needs 

G. Fat-soluble vitamin needs 

H. Macro-mineral needs 

I. Trace element needs 

3. I n t e s t i n a l  F lo ra  problems 

K. Microbial aspects  of food, water and waste 

L. Waste systems and/or u t i l i z a t i o n  

(1 )  Urine 

(2) Feces 

( 3 )  Gas 

(4)  Containers 

111. Pre f l i gh t  adapta t ion t o  d i e t  

IV.  Summation 




