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PAG GUIDLLINE FOR IIUkW TFSTIMG OF SUPPLEMENTARY FOOD ;~~IXTUHES' 
( I n c o r p o r a t i n g  Lhc m o d l f l c a t l o n s  sugges ted  d u r i n g  t b e  WHO C o n s ~ l t a t ~ o n  

on human t e s t l r i g  of p r o t e i n - r l c h  f o o d s ,  Geneva, 9-11 March 1970) 

1. A p p l l c a h l l l t )  of t h e  g u l d c l l n e  

l e s t s  f o r  s a f e t y  and s u l t a b i l l t y  f o r  human c o n s u a p t l o n ,  e s p e c l a l l y  f o r  f e e d l n g  o f  l n f a l ~ l s  
dnd children, a r e  e s s e n t i a l  I n  t h e  d e k e l o p m e n ~  of p r o l p l n - r i c h  foods.  When contmonly used 
f o o d s  a r e  newly p rozessed  t o  supp ly  p r o r e l n  In  a  fcod mix tu re  o r  when m a t e r i a l s ,  n o t  so f a r  
used a s  human f o o d ,  a r e  t o  be  used a s  p r o t e i n  s o u r c c s  I n  a  neu food p r o d u c t ,  i t  i s  e s s e n t l a :  
t h a t  c c r t a l n  p r e l l m l r a r y  s t e p s  b e  t aken  t ~ e f o r e  human t e s t l n g  o f  t h e  producc. Solilr of t h e s e  
s t e p s  a r e  o u t l l n e d  i n  PAG ' u u l d e l ~ n e  Nu. 6, '  f o r  p r e - c l l n l c a l  t e s t l n g  o f  nove l  s o u r c e s  o f  
p r  Jcc ln .  

Some PI e l l m i n a r y  s t e p s  a r z e  

( a )  I d r n t l f i ~ a t l o ~ i  o f  t h e  s o u r c e  of e d l b l e  p ~ o t e l n ,  t h e  q u a n t l t y  a ~ a l l a b l e ,  dnd  rconomlc 
s t u d y  o f  ~ t s  d e r c l o p m ~ n t .  

( b )  Clremlcal ev , i lua t lon  of ? h e  c luan t l ty  and c,rlallty o f  p r o t e l n ,  i f  n o t  a l r c a d y  hnown, I n  
each  of t h e  component f o l j ~ l q ~ ~ ~ f l ,  from n h i c h  , r a t e i n - l l c h  food n n x t u r e s  drr t o  be made 

( c )  Dcterminat lon of t h e  Grspol t l o n s  o i  v a r l o u s  componcnts I n  t h e  proposed mlxtttre based on 
c o n s l d e l  a t l o n s  of m ~ t r l t l o r ~ i l  or o t h e r  r e l e v a n t  f ac t01  s. An e c a l u a t l o n  o f  t h e  p robab le  p r l c e  
of t h c  f l n a l  pIn(!urt \!rould be c e s l l a b l e  a t  t h l s  s t a g e ,  t d k l n g  I n t o  account  t h e  c o s t s  of r a u  
m a t t r l a l s ,  proceas7nf i . ,  nera*sdr  v packdglng,  s t o r a g e  c o n d l t l o n s ,  s h e l f - l l f e ,  c o r r n e r c l a l l 7 a t i o n ,  
normal p r o f i t s  and ,111 o t h e r  c lerronts  h h ~ t h  e n t e r  I n t o  t h e  o p e r a t i o n  

( d l  Rleasurement, cucmlca l l  y  and b i o l  o g i c a l l  y  , of t h e  nutritive v a l u e  of t h e  m l x t u r e  and 
evaluation of  damage t o  p r o t e l n  o r  l o s s  o f  nutrients available 2s a  r e s u l t  of p r o c e s s i n g  whlch 
mdy be n e c e s s a r y  f o r  industrial production, o r  consumption 

( e )  Assurance t h a t  it 1s f r e e  o f  barmful n i l c r o - o r g a n ~ s ~ s  

( f )  T e s t s  l n d i c z t l n g  freedom from t o x l c l t y  of t h e  product  and i t s  components, Such t o x l c l t y  
may b e  due t o  t h e  prostance of l n t ~ n t i o r i a l  additives, of t o x l c  s u b s t a n c e s  n a t u r a l l y  o c c u i r l n g  
o r  a r l s l n g  fiom mould ~ n f e , i a t ~ o n ,  o r  th rough  t h e  u s e  o f  p e s t l c l d e s  and f u n g l c l d c s .  Q u a l l t a -  
t l v e  and quan t i  t a t l v e  t e s t s  f o r  d ~ t c r m l n a t l o n  of t h ~ s e  compounds may be n e c e s s a l  y ,  ds well a s  
animal t e s t s  f o r  d e ~ e r m l n z t ~ o n  of  aLute  and sub-acute t o x l c i t y  The r u l e s  s p e c l f l e d  by t h e  
Food dnd Druz k c i i r ~ n l s t r a t l o n ,  h d s h l n g t o n ,  D C , Unzted S l a t e s  of k ~ e r i c a ,  f o r  a c c e p t a n c e  o f  
a d d i t i v e s  t o  corninon food<, p r o v l d r  u s e f u l  g u l d e l ~ n e s . ~  These i n c l u d e  among o t h e r s ,  f u l l  a c u t e  

anti c h r o n i c  t o x i c l t v  t l l a l s .  

I t  1s o d y  when t h e s e  s t e p s  have been s a t l s f a c t o r r l y  accompllshed t h a t  human tests shou ld  
be considered. I t  1s l m p e r a t l v ~ ,  t h e r e f o r e ,  t h a t  a l l  t h e  requirements mentioned above be 
f u l l y  s a t i s f l e d  b e I o r e  p l a n n l n g  an undertaking which u l l l  i n v o l v e  human s u b j e c t s .  

While t h e r e  1s no  q u e s t l o n  a s  t o  t h e  need f o r  t h e  c l i n i c a l  t e s t i n g  o f  r e a l l y  new s o u r c e s  
of p r o t e i n  o r  o f  t h e  consequciices of new ways o f  processing p r o t e i n  c o n c e n t r a t e s ,  t h e r e  1s 
r e a l  danger  t h a t  e x c e s s i v e  and unnecessa ry  t e s t l n g  o f  mlnor variations I n  t h e  formulae u s l n g  
p r e v i o u s l y  t e s t a d  ingredients o r  p r o c e s s e s  cou ld  n e e d l e s s l y  hamper p r o g r e s s  I n  t h l s  f l e l d .  
I t  i s  t h e r e f o r e  sugges ted  t h a t :  

5 For t h e  doci~ment i s s u e d  by t h e  PAC In 1966 on t h e  same q u e s t l o n  see r e f e r e n c e  NO. 1 a t  
t h e  end of t h e  annex 



Annex 

(1)  P r o t e i n s  and p rocessed  p r o t e l n  c o n c e n t r a t e s  p r e c i o u s l y  n o t  c o n s l d e r c d  i n  t h e  
WIIO//FA~/I,NICEF programmes, o r  p r o d u c t s  p r e v i o u s l y  Lons ~ c i e r e d  b u t  manufactured by new 
p r o c e s s e s  o r  by major  changes  I n  e s t a b l i s h e d  p r o c e s s e s ,  r s p e c l a l l y  ~ f  t h e s e  chdrigcs I n  
p r o c e s s i n g  r a l s e  any  suspicions a s  t o  n u t i i t l o n a l  o r  toxicological properties of t h e  
p r o d u c t ,  must p a s s  t e s t l n g  p rocedures  o f  t h e  t y p e  recommended i n  t h e  proceedings c f  t h e  
Pr inceton.Conference on Human p r o t e l n  l e q u l r e m e n t s  ?nd t l ~ e i r f u l f i l l m e n t l n  practice. 4 

(11) Mlx tures  o f  wsll-known s t a p l e s  and p r o t e l n  s o u r c e s  which have a l r e a d y  r e c r , v e d  
f a v o u r a b l e  c o n s l d c r a t l o n  shou ld  be  a c c e p t e d  wi thou t  i n s J s t e n c c  on c l l n i c a l  t e s t ~ n g  twpoqd 
a c c a p t a b l l l t y  and t o l e r a n c e  t r i a l s  l f  t h e r e  1s n o  f u r t h e r  p r o c e s s i n g  a h l c h  cou ld  c a z t  a  
doubt  on t h a l r  s a f e t y .  I t  woulB be advisable, tiowevcr, l o  a s c e r t a i n  by anlinal e x p e r i -  
P e r l t a t l o n ,  t h e  n u t r l t l o n d l  v a l u e  of t h e  f i n a l  product  (PER cr NPU). 

(111) I n  c a s e  of s e v e r e  01 l r r l ~ o n v e n t l o n a l  processing of mlx tu res  even o f  well-known s t a p l e s  
and p r o t e l n  s o u r c e s  t h e  p r o d u c t s  should be accep ted  f o r  tests  l n  man o n l y  , f t r r  t h e y  have 
s a t i s f l e d  t h e  n r c f s s a r y  l a b o r a t o r y  a - a l y s l s  dnd animal  t e s t l n g  f o r  p r o t c l n  q u a f l t y .  
C l l n l c a l  t h s t i n g ,  a l though  n o t  mandatory i n  t h i s  c a s e ,  ma) be h e l p f u l  l n  a s c e r t a l n l n g  
t h e  v a l u e  of some of t h e s e  food m l x t u r e s  i n  children's supplementary f r w l l n g .  

Unders tand ing  of t l ie  t e c h n o l o g ~ c a l  s t e p s  lnvo lved  I n  t h e  process l r ig  w i l l  h e l p  t o  d e c i d e  
I n  u*hich of t h e s e  categories a  food m ~ x t u r e  ~ I i ~ u i d  be classified. 

2. C a t e g o l i e s  of t e s t s  

Human t c s t i n g ,  a s  t h e s e  o b s c r v a t ~ o n s  a i l 1  be t e rmed ,  sill f a l l  I n t o  f o u r  maln c a t e z o r i e s  
A S  f 0 l l 0 * ? .  

( 1 )  acceptability and t o l e r a n c e  t e s t s ,  

(2) growth tests,  

(3) n i t r o g e n  b a l a n c e  measurements,  

(4 )  o t h e r  c r l t e r l a .  

The a c t u a l  t y p e  o f  tests t o  be c a r r i e d  ou t  u-111 be determined by considerations mentioned 
below. Caxeful  c l l n l c a l  o b s e r v a t i o n s  w l l l ,  of c o u r s e ,  b e  c o n c u r r e n t  i n  a l l  s t u d i e s .  One 

r e q u l s ~ l c  1s conlnlon t o  a l l ,  and t h a t  1 5  f u l l  s a t l s f a c t o l y  l r ~ f o r m a t i o n  on I tems (a) t o  ( e )  
~ v e  . 

2.1 P r e l i m i n a r y  a c c e p t a b l l l t : .  and t o l e r a n c e  tests  

I t  1s po . j s ib le  t h a t  t h e  f o o d s t u f f s  from which a  p r o t e ~ n - r i c h  food mix tu re  i s  made have 
been ~ n d i v l d u a l l y  I n  u s e  a s  hullan food i n  one o r  more p a r t s  o f  t h e  world.  P r o c e s s i n g  o f  

m l x i u r e s  on an ~ n d u s t r i a l  s c a l e ,  however, may a f f c c t  no t  o n l y  t h e l r  s u i t a b l l l t e  f o r  t h e  groups 
f o r  which t h e )  ale i n t e n d e d ,  bu t  a l s o  t h e l r  p a l a t a b z l i t )  and a c c e p t a h l l l t y  There for r  , lt  
nay  b e  n e c e s s a r y  t o  d c t e r n u n e  t h e  t o l e r a n c e  t o  t h e  dosage l e v e l  recommended f o r  c o n t r l b ~ ~ t l n g  
significantly t o  p r o t e l n  needs .  Undcr such  c o n d l t l o n s ,  " a c c a p t a b l l i t y  and t o l e r a n c e "  tests 
a r e  l n d l c a t e d  These tests shou ld  be  c a r r l e d  o u t  I n  an l n s t l t u t i o n  o r  i n  a  c l o s e l y  observed 
sample of t h e  population. If l t  1s dt?clded t o  have s e v e r a l  such  tests f o r  a  glven p r o d u c t ,  
a t  l e a s t  one o f  them shou ld  t a k e  p l a c e  i n  t h e  c o u n t r y  i n  which ~t is  i n t e n d e d  t o  i n t r o d u c e  
t h e  pl o te ln-1 ic l l  food mlutrlre. 

A dangcx t o  he avoided is  t h a t  pe l son+  r v a l l i ? t i n g  t h e  food zupplement may be swayed bv 
t k l r  elm " a c c e p t a b l l i t ~ "  c r l t e r i a  t c l  l n f l u e n c t  the r c a c t l m  of t h e  r e c x p l e n t  t o  tlws d c t r l m e n t  
o f  u s c f u l  supplements  Even young I n f a n t s  s e n s e  t h e  emotional  r e a c t l o r  of t h e  mothcr o r  of 

o t h e l  pe r sons  f e e d i n g  them and nay  respond psychically by  r e J e c t l n g  t h e  food. 



Mlld d l s e a s e  p r o c e s s e s ,  particularly ~ n f e c t l o n s ,  tend t o  r e d u c e  a p p e t l t e  and produce mlld  
t o  moderate  gastro-intestinal u p s e t s ,  which cou ld  be i n L e r p r e t e d  a s  poor t o l e r a n c e  and d c c r p t a -  
b i l l t y .  Because o f  t h e s e  f a r t o r s ,  i t  1 5  sugges ted  t h a t  a  s imul taneous  n e g a t l v e  c o n t r o l  be 
r u n  I n  t h e s e  t r l a l s .  S e q u e n t l a 1  p e r l o d s  w i t h  and w l t h o u t  t h e  test food may a l s o  be u s e f u l  
The t o t a l  volume f e d ,  t h e  t i m i n g  of t h e  meals  and t h e  t o t a l  I n t a k e  shou ld  be  k e p t  c o n s i s t e n t .  
I f  p o s s i b l e ,  test and c o n t r o l  groups shou ld  be of slmilar age a s  \cell a s  have s l m l l a r  w e i g h t s  
f o r  t h e ~ r  h e l g h t s .  

2.1.1 Number 

Depending on t h e  c o n s i s t e n c y  o f  t h e  r e s u l t s  t h c  number w i l l  vary.  I n  any c a s e ,  i t  Is 
s u g g e s t e d  t h a t  no  l e s s  t h a n  20 ,  and p r e f e r a b l y  c l o s e r  t o  3 0 ,  l n d l v l d t ~ d l s  be  t e s t e d .  

The sample t e s t c d  shou ld  c o n s l s t  o f  i n d l v l d u a l s  o f  t h e  age o r  ages  f o r  whlch t h e  product  
1s ~ n t e n d e d  

2.1.3 Durat ion o f  f e e d l n g  and observation 

O ~ c a s i o n a l l  y  upon t h e  introduction of a new t y p e  of food a shol t p e r i o d  o f  a p p a r e n t  
i n t o l e - a n c e  may o c c u r ,  whlch 1s ovetcome I n  trio o r  t h r e c  days.  I f  t h e  d l e t  1s go ing  t o  be 
u n a c c e p t a b l e  because  o f  a  t l r i n g  o r  b o r l n g  t a s t e ,  t h l s  i s  g e n e r a l l y  n o t e d  w l t h i n  t h e  f i r s t  
weeks o f  t h e  f e e d l n g  t r i a l s  I t  i s  t h e r e f o r e  sugges ted  t h a t  a  p e r l o d  o f  a t  l e a s t  f o u r  weeks 
be  used b e f o r e  t h e  c l i n l c a l  evaluation of p r o t e l n  q u a l i t y  o r  more extended t o l e r a n c e  tests 
a r e  planned 

2.1 4 Method o f  p r e p a r a t l o n  

T h i s  should be  e l t h e r  i n  t h e  form of a  s u l t a b l y  f l a v o u r e d  g lue1  o r  incorporated I n t o  a  
l o c a l  r e c l p e .  

2 .1  5 Levcl  of p r o t e l n  f e e d l n g  

That  needed t o  supplement t h e  d l e t  t o  t h e  l e v e l s  recommended by t h e  FAO/WO l e p o r t  on 
p r o t e i n  rcqu l ren!en t s ,5  o r  p r e f e r a b l y  t o  cover  more t h a n  5 0  p e r  c e n t .  o f  t h e  requ l rcments  of 
97 p c ~  c e n t .  of t h e  population t e s t c d .  An a d d l t l o n a l  group f e d  t h e  n ~ a t e r l a l  ad l ib i tum_ a l l 1  
provlcle information on maximrim quantities a c c e p t a b l e  pe r  meal i n  t h e  form supplied. 

2.1.6 Level  of c a l o r l c  i n t a k e  

Should be s u f f i c i e n t  t o  main ta in  c o n s t a n t  welght I n  a d u l t s  o r  adequa te  weight  g a i n  In  
ch l ld ren .6  

2.1.7 Observations t o  be made 

C h l l d r e n  shou ld  b e  l e f t  t o  f e e d  themse lves  or shou ld  be  he lped  by  an a t t e n d a n t ,  b u t  I n  
t h l s  c a s e  c a r e  shou ld  b e  t a k e n  n o t  t o  f o r c e  t h e  food on t h e  c h l l d .  

R e f u s a l  t o  eat t h e  p r e p a r a t l o n  i s  c o n s i d e r e d  an l n d l c a t o r  of poor p a l a t a b l l l t y ,  provided 
t h a t  t h e  t r i a l s  t a k e  i n t o  c a r e f u l  c o n s i d e r a t i o n  a l l  of t h e  p o t e n t l a l  I n t e r f e r i n g  f a c t o r s  I n  
t h l s  t y p e  o f  s tudy .  Even l f  a c c e p t a b i l r t y  is u n s a t l s f a c t o r y  as f i r s t  t e s t e d ,  ~t may b e  
p o s s i b l e  t o  f l n d  an a c c e p t a b l e  form of  p r e p a r a t l o n  by t r i a l  and e r r o r .  T h l s  shou ld  b e  s u c h  
a s  1s p r a c t i c a b l e  I n  homes and under  conditions f o r  ! ~ h l c h  ti-e food mix tu re  1s recommended. 

T o l e r a n c e  i s  judged by n o t l n g  p e r s i s t e n t  g a s t r o - l n t e s t ~ n a l  u p s e t s ,  such  a s  l o s s  o f  
a p p e t l t e ,  f l a t u l e n c e ,  voml t lng ,  p a r t l c u l a r l ]  de layed  vomiting, u n d i g e s t e d  s t o o l  c o n t e n t s ,  
d i a r r h o e a  o r  i n t e s t l n a l  hur ry .  Where legumes a r e  ~ n v o l v e d ,  ~t is Impor tan t  t o  n o t e  t h e  
e x t e n t  o f  b l o a t l n g  and f l a t u s  p roduc t ion .  



Other  r l l n l c a l  m a n l f e s t d t l o n s  such a s  a l l e r g l c  r e d c t l o n s  shou ld  a l s o  be recordcad ~ f  manl- 
f e s t e d .  

L a r g e - s c a l e ,  t h r e e  t o  s l x  months,  a c t e p t a b l l l t y  and marke t ing  t r ~ a l s  I n  s c l e c t e d  f u t u r e  
consumer groups shodld be s t a r t e d  a s  soon a s  p o s s l b l e  a f t e r  t h l s  s t e p  C a r e f u l  c o ~ s l d e r a t l o n  
shou ld  b e  g lven  t o  t h e  s t a t l s t l c a l  u e s l g n  and evaluation of  t h e s e  t r l a l s .  

When p r o t e l n - r l c h  f o o a s  a r e  i l l t roduced t o  t h e  f a m l l y ,  o b s e r v a t 3 o n s  shou ld  ~ n c l u d e  t h e  
r e a c t i o n  o f  mothers  t o  t h e  p roduc t s .  I t  should be explalnecl t o  thcm t h a t  a l t h o u g h  t h e  food 
w i l l  contribute t o  t h e  n u t r l t l o n  o f  a l l  t h r  melllbers of t h e  Eamlly ,  l t  has  been plelldred i n  a  
form u h i c h  1s of  s p c c l a l  v a l u e  f o r  t h e  h e a l t h  and devcloomcnt of I n f a n t s  and young c l t ~ l d l c n  

2.2 Growth t e s t s  

The principal methods used i o l  t h e  e v a l ~ a t ~ o n  of p r o t c l n  q u a l i t y  I n  man a r e  mcasurernerlt 
o f  growth and of  n l t r o g e n  balancc.  Thcs r  r e p r e s e n t  a l t e l n a t e  approaches ,  whlch \ 111 be 
s e l e c t e d  depcnds upon many f a c t o r s ,  su r  h  a s  t h e  t y p e  o f  s u b j c c t  t o  b e  s t u d l e d ,  t h e  l o c d l  

t d l t l o n s ,  t h e  f a c l l l t l c s  and pcrsoi lnel  d v a l l o b l e  I t  i s  desirable but n o t  e s s e n t 1 3 1  t h a t  
J b e  done I n  t h e  coun t ry  of  ~ n t c n d e d  us?. Complementary ~ n f o r m a t l o n  may a l s o  be ol i ta lned 

o j  val l o u s  t y p e s  o f  mrasurenlents of blood c l l in l ls t l  y  and l l v e l  function. Both growth t ea l s  

and n l t r o g e n  b a l a n c e  techniques shou ld  be  c a r i l r  d ou t  o n l y  lr ,  c e n t r e s  s p e c l a l l r e d  i n  n u t l i t ~ o n  
o r  a l l 3 e d  ~ ' l s c l p l l n e s .  The u s e  of t o l e r a n ~ e  and a c c e p t a b l l i t p  e x p t r l m € n t s  t o  e v a l u a t e  t h e  
e f f e c t  on growth shou ld  be discouraged. 

2.2.1 Growth 

T r i a l s  I n  wlllch growth 1.9 mcasured may he planned I n  many ways, aependlng upo? ~ I I P  n a t u r e  
and age o f  t h e  s u b j e c t s  t o  be s t u d i e d ,  and t t , e  c l r ~ u m s t a n c r s  I n  each  case .  T h e l e f o r e ,  on ly  
v e r y  broad g u l d e l l n e s  can b e  l a l d  down. F ~ e r y  t r l a l  shou ld  be planned on a  sound s t e t l s t l c a l  
b a s i s ,  s o  t h a t  t h e  r e s u l t s  can be a c c u r a t e 1 1  e v a l u a t e d .  I d e a l 1  y ,  a  c l o s e l y  matched c o n t r o l  
group s l ~ o u l d  be  s t u d l e d .  

2.2 2 O b s e r l a t l o n s  wtllch may be made 

The most commonly used i n d e x  of g r o u t h  1s t h e  r a t e  of g a l n  I n  body w e ~ g h t .  Evaluation 
o f  p r o t e l n  v a l u e  from t h e  change I n  u e l g h t  over  a  s p e c l f ~ e d  g e r l o d  on a  given pro te l r l  - intake 
I S  analogous t o  t h e  measurement of PEP I n  a n l m z l s ,  a ~ d  1s s u b j c ~ t  t o  t h e  same c r l t l c 1 1 7 s ,  

@ t welght g a l n  may n o t  l c f l e c t  d c c u r d t e l y  t h e  ~ h a n g e  I n  l e a n  body mass l'hls d l f f l c u l t y  
b e  c l rcumvcnted i n  p a r t  by measurement o f  i h e  u r inaz  y  c r c a t i n l n e  o u t p u t  o v e r  a  t l n c d  

p e r l o d ,  s i n c e  ~t 1s accep ted  t h a t  l h l s  provides an index of  niuscle mass hleasuremcnt o f  
h e l g h t  o r  body l e n g t h  1s of even g r t a t e r  s l g n ~ f l c a n c e ,  particularly i n  o l d e r  c h l l d r e n ,  because 
h e l g h t  i s  u s u a l l y  l e s s  v a ~ l a b l e  than  n e l g h t .  Ilu\vever, s l n c e  h e l g h t  i n c r e a s e s  more s l o n l } ,  
t h e  measurcn~ents  have t o  be made over  a  f a ~ r l y  l o n g  perlocl. Supplementary ~ n f o r m a t l o n  can 
b e  o b t a l n e d  b j  s e r l a l  X-ray f l l m s  of bone m a i u r a t l o n  and c o r t l c a l  t t lxckness.  The investigator 

shou ld  n o t  n e g l e c t  g e n e r a l  o b s e r c a t l o n s  such a s  t h e  c h a r a c t e r  o f  s t o o l s ,  amount o f  f l a t u s ,  
occurrence of  a l l e r g l c  and orhe1 u n d c s l r a b l e  rqsponses  and g e n e r a l  acceptability t o  mother and 
c h l l d .  

2.2.3 Age and t y p e  of s u b j e c t s  

S l n c e  growth 1s f a s t e r  and p r o t e l n  requl lenrents  a r e  h l g h t r ,  t h e  e a r l l e r  t h e  a g e ,  t h e  
g r e a t e r  a r e  t h e  advan tages  I n  u s l n g  l n f a n t s  and 3oung c h l l d r e n ,  r a t h e r  t h a n  o l d e r  c h l l d r e n ,  
f o r  measurements of p r o t e i n  q u a l i t y .  The c h l l d r c n  should be a s  normal a s  p o s s l b l e .  r a c h  
l n v e s t l g a t o r  shou ld  determine t h c  p o y u l a t l o n s  s u l t a b l c  f o r  groivth studies, bu t  l t  1s lecommended 
t h a t  c h l l d r e n  who a l e  f r a n k l y  r c t s l d e d  I n  g l o ~ i t h  should no t  be  s r u d i c d  t ~ c c a u s e  of qzea:  var:,c- 
b i l i t l e s  I n  responses .  I t  1s sugges ted  t h a t  a l l  c h l l d r e l l  shou ld  be above the  t h u d  p e r c c n t l l e  
I n  h e l g h t  and should have welght  f o r  h e l g h t  above 95 per  c e n t .  of l d e a l ,  based on s t m d a r d s  
for w c l l - n o u r l s h e d  c h l l o r e n  such  a s  t h o s e  whlch have been published, I n t e r  a h a ,  I n  Western 
Europe and t h e  Unl ted S t a t e s  of Anierlca. 



I n  t e s t i n g  a  new p i o t e i n ,  i t  is  impor tan t  t o  f i n d  o u t  whlch is  t h e  lower age at whlch t h e  
p r o t e i n  s u p p o r t s  adequa te  growth Consequent ly  t h e  ag3 w i l l  v a r y ,  depending on t h e  r e s u l t s  
o b t a i n e d  from t h e  i n i t l a 1  tests. l e a n i n g  foods shou ld  be  t r i e d  f i r s t  i n  c h i l d r e n  s l x  montlls 
t o  one year.  S p e c i a l  i n f a n t  foods  should be t e s t e d  I n  younger i n f a n t s .  

The d u r a t l o n  of t h e  t r l a l  must depend upon t h e  e x t e n t  t o  which c o n s t a n t  c o n d i t i o n s  can 
be ach ieved .  With l n f a n t s  aged ahout one y e a r ,  under  c l o s e  s u p e r v i s i o n  i n  a  h o s p i t a l  ward ,  
a  r e a s o n a b l y  a c c u r a t e  measurement o f  growth rste can be o b t a i n e d  by d a i l y  welghing over  a 
p e r i o d  o f  t h r e e  t o  f o u r  a e e k s  151th somewhat o l d e r  c h i l d r e n ,  aga ln  under  u e l l - c o n t r o l l e d  
~ O r ~ d l t l ~ n S ,  e g i n  an  orphanage,  t h r e e  t o  s i x  months a r e  n e c e s s a r y .  Day c a r e  c e n t r e s ,  
orphanages  and conva lescen t  h o s p i t a l s  f o r  c h l l d r e n  a r e  l l k e l v  t o  be convenient f o r  s u c h  
q t u d i e s .  I t  has  been ohscrved t h a t  c l l l l d r c n  do n o t  g a i n  appreciable weight d u r i n g  t h e  h o t t e s t  
months of t h e  q e a l ,  wl~en t e m p c r a t ~ r e s  r c a c h  3 5 " - 4 0 e C ,  s o  t h a t  shor t - tcrm t r i a l s  i n  such  an 
environment shou ld  be avo ided  d u r l n g  t h e s e  months. S l m l l a r l y ,  eptdemics  o f  any i n f e c t i o u s  
d i s e a s e  a r e  l i k e l y  t o  i n v a l l d d t e  t r i a l s  

T h l s  w i l l  depend 0.1 t h e  age and co-opera t lvencss  of t h e  S u b j e c t s ,  t h e  d u r a t i o n  o f  t h e  
t r i a l ,  t h e  e x t e n t  t o  whlch i n f e c t i o n s  dntl o ~ h e r  l n t e r f e r l n g  f a c t o r =  can be e l i n l i n d t e d ,  and t h e  
adequacy o f  t h e  c o n t r o l s .  Valuable  i n f o l v d t l o n  may ho obta ined  from a s  few a s  f i v e  l n f a n t s  
p e r  grodp In  a  \ c e l l - c o n t l o l l e d  s t u d y  In  an  i n s t i t u t i o n .  

2.2.6 Frequency of obscrvnr.lons 

I n  g e n e r a l ,  t h e  g r e a t e r  t h e  number of s e r i a l  o b s e r v a t i o n s ,  t h e  f J b e r  t h e  s u b j e c t s  r e q u i r e d ,  
and t h e  s h o r t e r  t h e  n e c e s s a r y  d u r a t i o n  of t h e  t r i a l  In  s t u d i e s  on i n f a n t s  under  h o s p l t a l  
c o n d i t i o n s ,  weigl l ts  shou ld  be measured c v e l y  day. I n  o l d e r  c h i l d r t n ,  h e i g h t s  shou ld  be 
measured a t  l e a s t  e v e r y  one t o  two weeks I n  i n f a n t s  l e n g t h  should be measured L i -week ly ,  
b u t  i n  o l d e r  c h i l d r e n  h e i g h t  measurements a t  i n t e r v d l s  o f  one t o  t h r e e  months w i l l  be  enough. 
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2.2.7 Level  of f e e d i n g  

The t r i a l  a i l 1  n o t  be  a t r u e  test of p r o t e i n  v a l u e  i f  o t h e r  e lements  i n  t h e  d i e t  a r e  
l i m l t l n g .  The d i e t  must t h e r e f o r e  supp ly  adequa te  i n t a k e  of c a l o r i e s  (from f a t  and carbo- 
h l d r a t e s ) ,  and of v l t a m i n s  and m l n e r a l s  

5 
The t o t a l  p r o t e i n  l n t a k e  should a t  l e a s t  conform t o  t h e  ~rcommendcd a l l o u a n c e s  o f  FAO/I\.HO. 

The cxtrant t o  which ~t may be h l g h e r  than L l , ~ s  depends upon t h e  purposes  of t h e  t r i a l  - whether  
i t  1s t o  de ta rmlne  t h c  e f i ~ c t  upon glowth of a  glven p r o t e i n  supplement ,  o r  whether  i t  i s  t o  
f i n d  t h e  mlnimum amount of a  p r o t e i n  n i x t u r e  which v r i l l  s uppor t  normal glowth. 

I n  g e n e r a l ,  t h e  test p r o t e l n  should be  t h e  s o l e  s o u r c e  of p r o t e i n  i n  t h e  d i e t ,  f o r  some 
s p e c i a l  purposes  i t  rliay be  provided a s  a  supplement t o  a  n a t u r a l  d i e t .  The c o n t r o l  group 
shou ld  r e c e i v e  ml lk  o r  egg as t h e  s o u r c e  of p r o t e i n  w l t h  levels of p r o t e i n  and c a l o r i e s  a d j u s t e d  
t o  b e  comparable.  

2.3 Ni t rogen  b a l a n c e  measurements 

The measurement o f  n i t r o g e n  b a l a n c e  i n  men i s  comparable t o  t h a t  o f  NPU i n  exper imenta l  
an imals .  



S t a f f  and f a c l l l t i e s  must be adequa te  f o r  s h c  p r e c l s e  c o n t ~ o l  o f  food i n t a k e ,  minlmizlng 
o f  c r o s s - i n f e c t i o n s ,  coml>lete c o l l € c t i o n  o f  u r l n e  and f a e c e s ,  and t h e  n e c e s s a r y  b l o c l ~ e m l c a l  
a n a l y s e s .  Experienced f u l l - t l m e  personne l  d e d l c d t e d  t o  t h e  rrork a r e  r c q u l r e d  f o r  preparing 

and welgh lng  t b e  d i e t s  and g l c i n g   lose and r o n t i n u o u s  s i l p e r v l s i o n  t o  t h e  s u t ) j e c t s .  Because 
of t h e  c o n s t a n t  and nloqolonous d i e t s ,  s l ~ r c l a l  s h i l l  1s nceded t o  e n s u r e  t h a t  t h e  l n t a k e  i s  
nla inta lned throughout  t h e  pel i o d  o f  o b s e r v a t i o n .  

Measul einert o i  N b a l a n c e  ma) be made on adu l t s , ,  chl l d r c n  o r  i n f a n t s .  Thcre  a r e  advan tages  
I n  u s i n g  a s  test S u b j e c t s  ~ n f a n t s  who a r e  f u l l )  r ccovercd  from m a l n u t r l t l o ? ,  malnly  because 
of t h e i r  being a c c ' t s t o ~ ~ ~ r J  t o  n i e t a b o l ~ c  t c ~ h n i q u r s  A r u t e l y  and s e v e r e l y  d e p l e t e d  s u b l e c t s ,  
a s  w e l l  a s  t t i l l d r r r ~  recovering from malnutrition, a r e  n o t  s u l t a h l e  f o r  such  s tuc l l e s  because 
a n o t h e r  v a r l a b l e  i s  ~ n t r o d u c e d  whlch r o m p l l c a t e s  t h r  I n t e r p r e t a i l o n  o f  t h e  r e s u l t s .  I t  1s 
a l s o  e x t r e m e l y  lmpor tdn t  t h a t  t h e  5LIbjects have n o  l n l e ~ t l o n .  Even n n l d  l n f e c t l o n s  ~ n d u c c  a  

r e s p o n s e  w h l c l ~  l n c r c a s e s  u r l n a r y  n i t r o g e n  l o s s  

Most malnourlslircl l n f a n t s  a l r  n o t  l ~ h e l y  l o  l e a c h  a  s t a g e  a t  which t h e  t c s t s  can u s e f u l l y  
h6 done u n t i l  t h e y  hacc r r c e l v e d  opt1mil.n t r e a t m c n t  f o r  one t o  two months. Complete n u t r l t l o n a l  
r e c o v e r y  must be c s t l m a t c d  n o t  on1 y  by normal welght  f o i  helghT and serum and ulood blochemis- 
t r les b u t  a l s o  by adequa te  l e a n  bod1 mass f o r  height, ( r c f e r  t o  2 4 3). I t  1s difficult t o  
s p e c i f y  an  e x a c t  age ranpe  fo l  such  t-sts. Chl ld ren  s i x  t o  t h l r t j - S I X  months a? e  conven ien t  
s u b j e c t s ,  but t h i s  does  n o t  exc lude  c t i l l d r e n  o u t s l d c  t h l s  age range.  In  an)  c a s e  ~t i s  
e s s e n t i a l  t h a t  t1.e groulis bc  c a r e f u l l \ ,  matched. r h l s  1s necessary t,ecause u l t h  recove l  y  from 
depletion n l t r o g c n  r e t e n t l o l l  t ~ n d s  t o  f a l l  l'hc b e s t  p ldn i s  t o  u + c  each  s u t ) j c c t  a s  h l s  o\in 
c o n t r o l ,  8 1 t h  c o n s e r u t l v c  t e s t s  on c o n t r o l  and eui.,cxllnental d l e t s .  Because t h e  s u b l e c t s  may 
v a r y  I n  d e g r c ~  of d c p l e t ~ o n  a s  t h e  t e s t s  go o n ,  t h e  cider of f e c d l n g  shou ld  be  v a r i e d .  

2.3.3 1 C d l o r i e ? ,  w a t e r ,  v i t a m l n s  and m l n c r a l s  

The c a l o r l e s  s u p p l i e d  must b c  e q u a l  I n  a l l  b a l a n c e  n e r l o d s  ( t e s t  and c o n t r o l )  whlch a r e  
b e l n g  compared, and should meet t h e  l e v e l  recommended by FAO/N'HO The p r o p o r t i o n  o f  f a t  t o  
c a r b o h y d r a t e  and t h e  n a t u r e  of t h e  f a t  nlust be  slmllar i n  groups a h i c h  a r c  b e i n g  compared. 

v l t a m l n s  and minerals, including potass lum and p' iosphorus,  shou ld  a l s o  be f e d  I n  adequa te  
c o n s t a n t  amounts 

2 7 3 2 P ~ o t e i n  l e v e l  

For tests of p ~ o t c l n  v a l d r  t h c  p r o t e i n  must he  rcd d t  a  1 ~ \ ~ 1  o r  l e v e l s  on t h e  l i n e a r  
p a r t  o f  t h e  c u r v e  of t i le r ~ l t r o g e n  ba lance  index.  5 1 8  T h i s  c u r v e  remains  l i n e a r  f o r  some way 
i n t o  t h e  r e g l o n  o f  p o s l t l v e  n l t r o g e n  ba lance .  In  tcsts on human i n f a n t s ,  ~t is u n d e s i r a b l e  
t o  f e e d  a t  maintenance l e v c l  on ly .  I t  15 n e c e s s d r y  t o  choose a  l e v e l  above nlalntenance t h a t  
1s enough t o  a l low r e a s o n a b l e  r , l t rogen  retention and growth,  b u t  n o t  s o  h lgh  t h a t  t h e  e f f i c i e n c q  
o f  n l t r o g e n  u t l l i ~ a t i o n  f a l l s  z f f  s o  m u ~ h  t h a t  d i f f e r e n c e s  I n  biological v a l u e  disappear. 

I t  has  been s h a % n 9  t h a t  In  infants of ahout  one yea1 t h e  average  rcqu l rement  f o r  maintenance 

IS 100  mg ~ / k ~ / d a ~  ( ~ n  terms of cow's l n l  l k  p r o t e l n ) ,  and t h a t  a lmost  a l l  b a l a n c e s  a r e  p o s l t i v c  
B t  an l n t a k e  o f  130  mg ~ / k & / c i a ~ .  Erom t h e  ev ldance  available i t  seems t h a t  t h e  t o t a l  o b l l -  

a f a e c e s  p e r  kg o f  body weight  1s o n l y  s l l g h t l y  h i g h e r  I n  l n f a n t s  than  batory loss o f  u r i n e  an, 
bn a d u l t s .  I t  is recommended t h a t  f o r  measurements of p r o t e i n  v a l u e  t h e  ~ n t a k e  shou ld  n o t  

xceed an upper  l e v e l  o f  1030 mg Y (1.e. s l l g h t l y  l e s s  t h ? n  2 e, protein) per  kg per day. I f  
h e  c l l n i c a l  c o n d l t l o n  o f  ti--.-;. ~ h ~ l d  j u s t l f l e s  fecclr~lg  a t  10% e r  l e l e l s ,  e.g. 1-1.5 g  p r o t e i n /  L K / ~ ~ Y  , d l f f e l e n c e  ~n p r o t e l n  c a l u e  w l l l  b e  shown s t i l l  more c l e a r l y .  



A t e s t  a t  one l e v e l  u i t r u n  t h e  l l m l t s  ~ u s t  specified is  adequa te  i f  t h e  s o l e  concern  1s 
t h e  measurement o f  p r o t e r n  q u a l i t y .  I l m e v e r ,  a  f u r t h e r  practical q u e s t l o n  may a r i s e :  can  a 
food which hds  a  poor p r o t e i n  v a l u e  producc ~ d e q u a t c  r e t e n t i o n  and groTvth i f  f e d  a t  a  h l g h e r  
l e v e l ,  e.g.  3 g protc in/kg"  To answer t h i s  q u e s t i o n ,  tests r u s t  o b v i o u s l y  be made a t  what- 
e v e r  l e v e l  i s  l n d l c a t e d  by t h e  measurement o f  b l o l o g ~ c a l  v a l u e ,  bu t  i t  s h o u l d  b e  c l e a r l y  
r e c o g n i z e d  t h a t  tests a t  such  h i g h  l e v e l s  a r e  n o t  r e l l a b l e  measures  of p r o t e i n  q u a l l t y .  

2 3 . 4  Adaptation p e r i o d  

The riumber of ddys  r c q u ~ r e d  f o r  l n l t i a l  a d a p t a t l o n  depends upon t h e  age  o f  t h e  c h i l d  and 
t h e  magnitude of t h e  change i n  q u a n t i t y  and q u a l l t y  o f  p r o t e i n  from t h a t  of t h e  p r e c e d i n g  
d i e t .  I n  i n f a n t s  a  th ree -day  a d a p t a t i o n  p e r l o d  1s g e n e r a l l y  s u f f i c i e n t ,  bu t  i n  o l d e r  c h i l d r e n  
and a d u l t s  f i v e  days  o r  more may be needed T ~ P  individual investigator shou ld  p r o v i d e  
evxclence t h a t  t h e  a d a p t a t l o n  p e r l o d  used under  h l s  c o n d i t i o n s  1s adequa te  S u b j e c t s  recove1lr .g  
from an infection may need one t o  two weeks b e f o r e  t h e  n l t r o g e n  excretion 1s s t a b i l i z e d  

2 3 . 5  Length  of b a l a n c e  p e r i o d  

C o l l c c t l o n s  shou ld  be o b t a i n e d  f o r  a  min~muii~ o f  s i x  days.  'l'tvo th ree -day  p e r i o d s  o r ,  ~ f  
d e f a c c a t i o n s  a r e  s u f f r ~ l e n t l y  f r equ t ' n t ,  t h l t e  t\\o-day p e r l o d s  r e p r c s e n t  a  mlnlmum s t u d y  
Hhere c i r cums l  ances  p c l m l t ,  b a l a n c c s  can be  conducted over  a  g e r l u d  o f  t w ~  t o  t h r e e  months i n  
s u c h  a wsy t h a t  s l x  t o  n i n e  ba lance  p e r i o d s  o t  s l x  d a y s  each  may be  o b t a l n c d  i n  a  s i n g l c  c h i l d .  

I n  b o y s ,  s e p a r a t c  c o l l t ~ c t l o n  of d r l n e  and f a e c e s  will mahe p o s s i b l e  measurement of 
a p p a r e n t  d l g e s t l b i l i t y  a s  bel l  as of a p p a r e n t  b ~ o l o g l c a l  v a l u e  With many v e g e t a b l e  p r o t e i n s  
d l g e s t l b l l l t )  1s l a * ,  and t h e  measurement of ~t is  t h e r e f o r e  impor tan t .  I n  g r r l s ,  even i f  
f a e c e s  and u r l n e  canno t  bc= a d e q u a t e l y  s e p a r a t e d ,  ~t is  s t i l l  p o s s i b l e  t o  measure t h e  n e t  
p r o t e i n  u t i l l 7 a t l o n  (NPL).  

I t  1s n o t  g e n e r a l l y  n e c e s s a r y  t o  measure t h e  b a s a l  o r  "endogenous" u l i n a r y  and f a e c a l  
n l t r o g e n  l o s s ,  I n  o r d e r  t o  e s t l m a t e  t h e  t r u e  d ~ g e s l ~ b l l i t y  and b ~ o l o g i c a l  va lue .  For  
p r a c t i c a l  purposes  ~t is  probab ly  a c c u r a t e  enough t o  u s e  t h e  f l g u r e s  p ~ b l i s h e d . ' ~  I t  1s 
I m p o r t a n t ,  houever ,  t h a t  t h e  c a l c u l a t e d  N i n t a k e  be  v e r i f i e d  by a c t u a l  a n a l y s e s  o f  a l i q u o t s ,  
s i n c e  v a l u e s  from food composi t ion t a b l e s  do n o t  g i v e  a s u f f l c i e n t l y  r e l i a b l e  e s t i m a t c  f o r  
t h e  purpose .  

2 .3  7 Necessa ry  p r e c a u t l o n s  

In  summary, n i t r o g e n  b a l a n c e  llleasurements w111 b e  u s e f u l ,  r e l i a b l e  and reproducible i f  
t h e  f o l l o \ \ i n g  p r e c a u t l o n s  a r e  obse rved .  

(1 )  C a l o r l e  i n t a k e  p e r  kg is  a d e q u a t e  and c o n s t a n t .  

( 2 )  P r o t e l n  i n t a k e  p e r  kg is  hep: c o n s t a n t  w l t h l n  a  s l n g l e  t r l a l .  

( 3 )  There  a r e  n o  complicating v l t a m l n  o r  minera l  d e f i c i e n c i e s .  

(4) Water ~ n t a k e  1s c o n t r o l l e d  and e x c e s s i v e  sweat  loss avo ided .  

(5) No i n f e c t z o n s ,  even o f  seemingly mild  d e g r e e ,  are p r e s e n t .  

( 6 )  S u b j e c t s  a r e  r e a s o q n b l g  c o n t e n t  and n o t  p s v c h o l o g i c a l l y  disturbed 



;d71~cc t s  a l e  111 an adequa te  s t a t e  o f  n u t r i t i o n  and i e c e l v i n g  p r o t e i n  l e v e l s  whic'l 
sc - rmlna t lon  o f  p r o t e l n  q u a l i t y .  

.quate  ad jus tment  p e r i o d s  a r e  used  

ai tlmes &re s t a n d a r d i z e d  b o t h  between and w i t h l n  t r e a t m e n t s .  

r:oc!(s: on t h e  same d;et a r e  long  enough t o  de te rmine  t r e n d s  a s  w e l l  a s  t h e  l n l t l a l  
l o  d i e t a i  y  change. 

<IU l r ~ t a l e  and collections of  u r l n e  and f a e c e s  a r e  o b t a l n e d  and measured a c c u r a t e l y .  

~ J I I I I  albumln 

.!I] l d r e n  r e c o v e r i n g  from m a l n u t r ~ t l o n ,  changes  In  albumin c o n c e n t r a t l o n  ma). g l v c  a  
~ c a t x o n  of p i o t e ~ n  q u a l l t y .  Measurements shou ld  be  made p e r l o d l c a l l y  and t h e  blood 

, c l l d  be t a h c n  a t  t h e  same t l m e  I n  r e l a t l o n  t o  meals .  S t a n d a r d l r d t l o n  o f  l a n o l a t o r y  
q I l c s l r a b l e .  D l \ c r g e n ~ e  of r e s u l t s  f o ~  serum albumln and f o r  growth and n l t r o g r n  

1 i l t r  been ~ e p o ~ t e d .  In  some c a s e s  t h l s  a p p e a r s  t o  be due l o  a r a p i d  i n c r e a s e  i n  
and b l o s d  volume c o n c e a l i n g  a c t l r e  albumln s y n t h e s l s l l  u n l e s s  t o t a l  c l l c u l a t l n g  . s ,le,asu~ ed Serum albumin a l s o  a p p a r e n t l y  behaves d l f t c r e n t l y  from o t h e r  pal amctc r s  

-.e t o  v e g e t a b l e  a s  compared t o  anlmal  p r o t e l n  and 15 s l o b  t o  d e c r e a s e  on solile e x p e r l -  
A:? \sxth low PIR Thp s l g n i f l c a n c e  o f  t h l s  difference r e q u l r e s  f u r t h e r  s t u d j .  

1 ; .rrz s m l r  o  a c l d  and enrymc l e v e l s  - -  
- ~ r c ~ s r n r s  o f  plashla ammo a c l d  l e v e l s  and r a t l o s ,  and o f  t h e  c o n c e n t r a t i o n s  of  ~ a r l o u s  

t h e  p ? < d ~ ~ a  have beer1 proposed a s  u s e f u l  r r l t e r l a .  These methods s t i l l  r e q u i r e  
s -1catioil .  

 is r e c e n t 1 1  been demonstra ted t h a t  24-hour c r e a t l n l n e  e v c r e t i o n  o f  a  malnourished 
t,,lcd w i t h  t h a t  o f  a well-nourished c h i l d  o f  t h e  same h e i g h t  1s a  good measure o f  
~ _ ? n  of l e a n  body mass due t o  m a l n u t r l t l o n  and ~ t s  r e c o v e r y  w i t h  r e - f e e d i n g  1 2  

JCPC' t o  e b a l u a t e  t h c  d e g r e e  of r e c o v e r y  o f  l e a n  body nass .  
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