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Selectivity of Carbohydrate Fi lms as Influenced 
by their Moisture Content 

W h e n  d rop le t s  of a v e g e t a b l e  ju ice  or e x t r a c t  d r y  
suf f ic ien t ly  rap id ly ,  a d r y  f i lm m a y  fo rm a r o u n d  t h e  
d r o p l e t  t h a t  is p e r m e a b l e  to  w a t e r  b u t  v i r t u a l l y  imper -  
m e a b l e  to  a r o m a  c o m p o n e n t s  ~. Th i s  h a s  b e e n  con f i rmed  
in  e x p e r i m e n t s  in  w h i c h  a n  aqueous  c a r b o h y d r a t e  solu- 
t ion ,  to  w h i c h  t 0  p p m  ace tone  or  a n o t h e r  vo la t i l e  sub-  
s t a n c e  as  a n  a r o m a  s u b s t a n c e  h a d  been  added ,  was  used  
as  a mode l  ju ice  2. S u c h  a se lec t ive  m e m b r a n e  m a y  fo rm 
n o t  o n l y  a r o u n d  a d rop l e t  in  a sp ray-dr ie r ,  for ins t ance ,  
b u t  also ove r  a l aye r  of a so lu t ion  w h i c h  is e v a p o r a t i n g  
suf f ic ien t ly  r ap id ly  3. 

T h i s  f i lm is se lec t ive  on ly  if i t s  m o i s t u r e  c o n t e n t  is 
low enough .  I n  f ac t  i t  h a s  been  f o u n d  t h a t  u n d e r  c e r t a i n  
cond i t ions  a c e t o n e  c a n n o t  di f fuse  in t h e  c a r b o h y d r a t e  
m i x t u r e  used, if t he  m o i s t u r e  c o n t e n t  of th i s  m i x t u r e  is 
less t h a n  9 %  2. This  t h r e s h o l d  va lue  of 9 %  m o i s t u r e  
c o n t e n t  was  found  b y  m e a s u r i n g  t he  so rp t i on  of ace tone  
a n d  of e t h y l  a c e t a t e  b y  t h e  c a r b o h y d r a t e  m i x t u r e  a t  
va r ious  m o i s t u r e  con t en t s .  On ly  p o w d e r  w i t h  a m o i s t u r e  
c o n t e n t  a b o v e  9 %  sorbed  ace tone  a n d  e t h y l  ace ta te .  

The  p h e n o m e n o n  i n v o l v e d  he re  is a p a r t i c u l a r  case of 
' l iquid  p e r m e a t i o n '  or  ' p e r v a p o r a t i o n ' ,  a process  for t h e  
s e p a r a t i o n  of l iqu id  m i x t u r e s  b y  e v a p o r a t i o n  t h r o u g h  a 
se lec t ive  m e m b r a n e .  I t  is genera l ly  accep t ed  t h a t ,  in th i s  
process,  t he  se lec t iv i ty  of t h e  m e m b r a n e  is caused  b y  
di f ferences  in  t h e  solubi l i t ies  a n d / o r  t he  d i f fus ion co- 
eff ic ients  *-B. I n  a g r e e m e n t  w i t h  th i s  t heo ry ,  BROOKS 9 
asc r ibes  t he  r e t e n t i o n  of e t h y l  c a p r y l a t e  in aqueous  g u m  
a r a b i c  a f t e r  s p r a y - d r y i n g  to  t h e  cons ide rab le  d i f ference  
b e t w e e n  t h e  so lub i l i ty  of w a t e r  a n d  of t h e  e s t e r  in t h e  
a l m o s t  d r y  f i lm of g u m  a rab ic  a r o u n d  t h e  d r y i n g  drople t .  

W a t e r  h a p p e n s  to  be  one  of t h e  v e r y  few s u b s t a n c e s  
w h i c h  v e r y  r ead i l y  d issolve  in h y d r o p h i l i c  c a r b o h y d r a t e s  
a n d  p ro te ins .  The re fo re  t h e  a r o m a  c o m p o n e n t s  will, in  
general ,  n o t  p e r m e a t e  i n t o  f i lms p r i m a r i l y  c o m p o s e d  of 
t he se  h y d r o p h i l i c  c o m p o u n d s  so easi ly  as w a t e r  does. 
The re fo re  i t  seems to  us  qu i t e  p laus ib le  to  exp la in  t h e  
se lec t iv i ty  of these  d r y  f i lms b y  a d i f ference in solubi l i ty .  
B u t  th i s  in  no  w a y  exp la ins  t h e  a b o v e - m e n t i o n e d  t h r e s h -  
old va lue  of 9 %  m o i s t u r e  con t en t .  I n  o rder  to  l e a rn  more  
a b o u t  th i s  p h e n o m e n o n ,  a n u m b e r  of so rp t ion  cu rves  of 

vo la t i l e  s u b s t a n c e s  h a v e  b e e n  m e a s u r e d  on  t h e  s ame  
m i x t u r e  of c a r b o h y d r a t e s  us ing  t h e  m e t h o d  descr ibed  
a b o v e  for t h e  so rp t ion  of a ce t o n e  a n d  e t h y l  aceta teS.  

T h e  so rp t i on  cu rves  were m e a s u r e d  on  m a l t o - d e x t r i n ,  
t y p e  T, ex Messrs.  Schol ten ,  Foxhol ,  T h e  N e t h e r l a n d s .  
Accord ing  to  t h e  m a n u f a c t u r e r  i ts  compos i t i on  is : glucose 
2 .5%, ma l t o s e  27.0%,  oligo sacchar ides  l a rger  t h a n  
m a l t o s e  6 .5%,  n o n - r e d u c i n g  m a l t o - d e x t r i n s  59.5%,  
mine ra l s  0 .5%,  m o i s t u r e  4 .0%.  

A 50% aq u eo u s  so lu t ion  of th i s  c o m p o u n d  was f i rs t  
p r epa red ,  i n  o rde r  to  get  a n  easi ly  dos,able powder ,  th i s  
so lu t ion  was  m i x e d  w i t h  c h r o m o s o r b  (W, non-ac id  
washed ,  m e s h  size 60/100) in  t h e  r a t i o  b y  w e i g h t  of 1 p a r t  
c h r o m o s o r b  to  1 p a r t  d ry  m o l t o - d e x t r i n .  Th i s  m i x t u r e  
was  t h e n  dr ied  to  t h e  desi red m o i s t u r e  c o n t e n t  in  a 
v a c u u m  e v a p o r a t o r  r o t a t i n g  in  w a t e r  a t  a t e m p e r a t u r e  
of 60-80  °C. A n  a m o u n t  of 3 g of t h e  p o w d e r  so o b t a i n e d  
was  p laced  for 72 h in  a s t o p p e r e d  b o t t l e  of ca. 50 ml,  
wh ich  also c o n t a i n e d  10/~1 of a vo la t i l e  s u b s t a n c e  on  f i l ter  
paper .  T h e  a m o u n t  of t h e  vola t i le  so rbed  b y  the  p o w d e r  
was  t h e n  d e t e rmi n ed .  T h e  c h r o m o s o r b  was  found  to h a v e  
no  in f luence  on  t h e  m e a s u r e m e n t s  w i t h  ace tone ;  th i s  was  
n o t  checked  in t h e  case of t h e  o t h e r  vo la t i l e  subs t ances .  

T h e  vo la t i l e  l iquids  t e s t e d  were  ace tone ,  e thano l ,  
1-propanol ,  1 -bu tanol ,  m e t h a n o l ,  e thy l  a c e t a t e  a n d  c a r b o n  
t e t r aeh lo r ide .  T h e  m e a s u r i n g  of t h e  a m o u n t  so rbed  b y  
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the  m a l t o - d e x t r i n  in  these  e x p e r i m e n t s  was  g r ea t l y  
s impl i f ied  b y  t he  use of c o m p o u n d s  label led  w i t h  14C 
(ex R a d i o c h e m i c a l  Centre ,  A m e r s h a m ,  E n g l a n d ) .  F o r  
this ,  0.5 g of t h e  samples  of m a l t o - d e x t r i n  were  d issolved 
in 1 ml  w a t e r  a f t e r  t h e  so rp t i on  e x p e r i m e n t .  S u b s e q u e n t l y  
10 ml  of wa te r -misc ib l e  s c in t i l l a to r  was  a d d e d  a n d  the  
r e su l t ing  so lu t ion  c o u n t e d  w i t h  a P a c k a r d  l iquid  scint i l -  
l a t ion  counte r ,  as a l r e a d y  desc r ibed  in a p rev ious  pub l ica -  
t ion*.  M e a s u r e m e n t s  were  also m a d e  w i t h  c a m p h o r ,  t h e  
d e t e r m i n a t i o n  of wh ich  was  ca r r ied  o u t  b y  gas c h r o m a t o -  
g r aphy .  

The  e x p e r i m e n t s  were car r ied  o u t  a t  r oom t e m p e r a t u r e  
(ca. 20 °C). Mois tu re  c o n t e n t  is i n v a r i a b l y  expressed  as a 
p e r c e n t a g e  of t he  t o t a l  weight .  

The  a m o u n t s  of t h e  vo la t i l e  s u b s t a n c e s  so rbed  b y  t he  
m a l t o - d e x t r i n  a re  r e p r e s e n t e d  in F igures  i a n d  2 as 
func t ions  of t h e  m o i s t u r e  c o n t e n t .  I t  will be  seen t h a t  
m e t h a n o l  a n d  e t h a n o l  are  st i l l  so rbed  b y  t he  p o w d e r  
down  to  v e r y  low m o i s t u r e  con t en t s .  B u t  th i s  does no t  
necessar i ly  m e a n  t h a t  m e t h a n o l  a n d  e t h a n o l  are  ab le  to  
diffuse in to  t h e  d ry  m a l t o - d e x t r i n ;  i t  m a y  be t h a t  
a d s o r p t i o n  to  or  c o n d e n s a t i o n  on  the  surface  of t he  p o w d e r  
occurs.  As fa r  as t he  so rp t i on  cu rve  of e t h a n o l  is concerned ,  
i t  is in  a n y  case c e r t a i n  t h a t  t h e  d o t t e d  p a r t  of t h e  c u r v e  
in F igu re  1 r ep resen t s  a r a n g e  in which  the  so rbed  
e t h a n o l  is p r e s e n t  on ly  on  t h e  ou t e r  sur face  of t he  powder .  
Th i s  s o r p t i o n  c u r v e  was also n leasured  on  a c o n t i n u o u s  
layer  of m a l t o - d e x t r i n  w i th  a t h i cknes s  of a b o u t  3 ram.  
Af te r  1 week  in a s t o p p e r e d  b o t t l e  w h i c h  also c o n t a i n e d  
50 #1 e thano l ,  t h e  b o t t l e  was  opened  a n d  a c u r r e n t  of a i r  
was passed  ove r  t he  l aye r  for  2 m i n  to  e v a p o r a t e  t he  
e t h a n o l  on  t he  ou t e r  surface.  T h e  e t h a n o l  c o n t e n t  of t h e  
l ayer  of m a l t o - d e x t r i n  was  t h e n  d e t e r m i n e d .  T he  s o r p t i o n  
cu rve  (F igure  3) was  now  found  to  h a v e  t h e  same  s h a p e  
as t h e  c u r v e  for ace tone .  A so rp t i on  cu rve  of m e t h a n o l ,  
m e a s u r e d  in t h e  s ame  w ay  h a d  t he  s a m e  s h a p e  as t h e  
m e t h a n o l  cu rve  in F igu re  1. 

F ina l l y  t h e  so rp t i on  of 1 -p ropano l  a n d  l - b u t a n o l  was  
measured .  These  2 so rp t ion  cu rves  r e s e m b l e d  v e r y  m u c h  
t he  cu rve  for  e thano l .  

I n  F igures  1 a n d  2 we see t h a t  t h e  m o i s t u r e  c o n t e n t  a t  
wh ich  t h e  so rp t i on  cu rves  beg in  to  a scend  s teep ly  is 
d e p e n d e n t  on  t he  n a t u r e  of t he  vo la t i l e  subs t ance .  The  
m o i s t u r e  c o n t e n t  a t  wh ich  th i s  a scen t  beg ins  c a n n o t  be  
d e t e r m i n e d  accura te ly .  Much  more  a c c u r a t e l y  de t e rmi -  
nab le  is t he  m o i s t u r e  c o n t e n t  a t  wh ich  t he  so rp t i on  cu rve  
reaches  i t s  h a l f - m a x i m u m  h e i g h t  (half  s u m  of m i n i m u m  
a n d  m a x i m u m ) .  W e  call  t h i s  m o i s t u r e  c o n t e n t  t he  
' m o i s t u r e  l imi t '  (see F igure  2). F o r  t he  so rp t ion  c u r v e  of 
e thano l ,  t h e  m i n i m u m  is t a k e n  f rom F igu re  3. I n  F igure  
4, t h i s  m o i s t u r e  l im i t  is p l o t t e d  as a f u n c t i o n  of t he  
d i a m e t e r  of t h e  molecule  of t he  vo la t i l e  c o m p o u n d .  This  
d i a m e t e r  was  m e a s u r e d  on  molecule  models ,  bu i l t  up  of 
a t o m  mode l s  (Cour t au ld ' s  M a i d e n h e a d  L a b o r a t o r y  and  
Gri f f in  a n d  George  Ltd . ) .  As ' d i a m e t e r '  we t o o k  t he  side 
of t h e  smal l e s t  poss ible  s q u a r e  open i ng  t h r o u g h  w h i c h  t h e  
molecule  mode l  could j u s t  pass.  F r o m  F igu re  4 i t  will be  
seen t h a t  we f o u n d  a n  a l m o s t  l inear  r e l a t i on  b e t w e e n  t he  
a b o v e - d e f i n e d  molecule  ' d i a m e t e r '  of t h e  vo la t i l e  sub-  
s t ance  a n d  t h e  m o i s t u r e  l imit ,  i r r e spec t ive  of o t h e r  
molecule  p rope r t i e s  such  as p o l a r i t y  a n d  molecu la r  
weight .  

W e  would  r a t h e r  n o t  d r aw  a n y  f u r t h e r  conc lus ions  f rom 
the  t r e n d  of t h e  so rp t i on  cu rves  a t  m o i s t u r e  c o n t e n t s  a b o v e  
the  m o i s t u r e  l imit .  D u r i n g  t h e  d e t e r m i n a t i o n  of t h e  
a m o u n t  of so rbed  vola t i le  s u b s t a n c e  in t h e  m a l t o - d e x t r i n  
powder ,  th i s  p o w d e r  was in t he  open  a i r  for  r o u g h l y  1 
rain, a n d  in th i s  t i m e  some of t h e  so rbed  s u b s t a n c e  m a y  
have  e v a p o r a t e d .  This  e r ror  a t  m o i s t u r e  c o n t e n t s  a b o v e  

t he  m o i s t u r e  l imi t  c a n n o t  be  neglec ted ,  espec ia l ly  w h e n  
e x t r e m e l y  vo la t i l e  s u b s t a n c e s  are  used, for t h e  d i f fus ion  
r a t e  in  t h e  m a l t o - d e x t r i n  increases  s h a r p l y  w i t h  inc reas ing  
m o i s t u r e  con t en t .  

T h e  m a r k e d  a s c e n t  in  t h e  so rp t ion  cu rves  a t  a c e r t a i n  
m o i s t u r e  con t en t ,  as seen in  F igures  1 a n d  2, a n d  t h e  
increase  of t h e  m o i s t u r e  l imi t  w i t h  the  d i a m e t e r  of t h e  
molecules  of t he  vo la t i l e  c o m p o u n d s ,  as seen in F igu re  4, 
lead us  s t rong ly  to  suspec t  t h a t  t he  m a l t o - d e x t r i n  ac ts  as 
a sieve, t h e  m e s h  of wh ich  increases  w i t h  inc reas ing  
m o i s t u r e  con t en t .  W e  i m a g i n e  t h e  ' s ieve '  open ings  to  be  
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the  in ters t i t ia l  spaces (moving openings or channels) be- 
tween  the  large ca rbohydra te  molecules,  chief ly  filled 
wi th  t he  smal l  wa t e r  molecules.  T h a t  these  in ters t i t ia l  
spaces v e r y  p robab ly  f luc tua te  as a resul t  of diffusion of 
the  wa te r  molecules and of  t he  h e a t  v ib ra t ion  of  carbo-  
h y d ra t e  molecules  which  are  pa r t i a l ly  bound  together ,  
does no t  in any  w a y  inva l ida te  this sieve principle.  A t  
t he  same t i m e  this m igh t  expla in  why  no clear coupling 
has  been observed be tween  wa te r  v a p o u r  t r anspor t  and 
a roma  t r anspor t  th rough  such select ive po lymer ic  
m e m b r a n e s  x0,11, 

ZusammenJassung. Der  Einfiuss  des Wassergeha l tes  
auf  die be im Trocknen  pf lanzl icher  S~fte und E x t r a k t e  an  

der FtiissigkeitsoberflAche sich bi ldende,  nahezu t rockene,  
hydrophi le  H a u t  wurde  untersucht .  
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n The authors are indebted to Prof. H. A. C. TmJSSEN of the 
Technical University Eindhovcn for his helpful suggestions and 
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E s t i m a t i o n  of  Free  G l u t a m i c  A c i d  in  the  Di f fer-  
e n t i a t i n g  Centra l  N e r v o u s  S y s t e m  of  the  C h i c k  

Glu tamic  acid is known to  p l ay  an  i m p o r t a n t  role in 
morphogenes is  1 and  metabo l i sm* of the  ve r t eb ra t e  cen- 
t r a l  nervous  sys tem.  F o r  this  reason,  a q u a n t i t a t i v e  sur- 
vey  of free g lu tamic  acid concen t ra t ions  in the  4 pr incipal  
sectors (viz. fore-, mid-,  h indbra in  and the  spinal cord) of 
the  d i f fe ren t ia t ing  cent ra l  nervous  sys tem of W h i t e  Leg- 
horn  chick embryos  a t  4-20 days  of incuba t ion  was made.  

The  es t imat ion  of t he  amino acid f rom the  careful ly  
weighed fresh t issue was made  by the  me thod  of m a x i m u m  
colour dens i ty  3 resul t ing  f rom the  in terac t ions  of nin- 
hyd r in  and  the  amino  acid on a two-d imens iona l  paper  
c h r o m a t o g r a m  ( W h a t m a n  pape r  No.  1), w i t h  wate r -  
s a tu ra t ed  phenol  and  the  bu tanol -ace t ic  ac id-water  
(4 :1 :1)  as t he  first  and second so lven t  respec t ive ly  a t  a 
cons tan t  t e m p e r a t u r e  of 21°C. T h e  colour  dens i ty  was 
measured  in a p h o t o v o l t  dens i tomete r  (Pho tovo l t  Corp., 
N.Y. ,  U S A ;  Model  No. 501A). The  q u a n t i t y  of g lu tamic  
acid was found b y  compar ing  the  readings of the  measured  
q u a n t i t y  of the  unknown  samples wi th  the  s tandard  
curve  prepared  f rom a pure  sample  of g lu tamic  acid by  an 
ident ica l  method ,  

Observations and discussions. The  concent ra t ions  of the  
g lu tamic  acid in t he  t issue are  shown in t h e  Table .  
T h o u g h  we had  l i t t le  success in t r ac ing  the  appearance  of 
adul t - l ike  amino  acid pa t t e rns  in m a n y  tissues, the  em-  
bryonic  b ra in  of some amphib ians  4 and of ra t s  ~ shows 
h igh  concent ra t ions  of g lu t amine  and  g lu tamic  acid l ike 
those  of the  adult .  Similarly,  t h e  va ry ing  concent ra t ions  
of g lu tamic  acid, as ev idenced by  the  present  s tudy,  m a y  
be corre la ted to a grea t  ex ten t  wi th  the  epigenesis of the  
cent ra l  nervous  sys tem in the  chick. I t  m a y  be observed 
f rom the  Tab le  t h a t  the  first  per iod of high g lu tamic  acid 
concent ra t ions  occurs be tween  the  4th and 8th day,  and 
on the  10th day  there  is a decline in the  quan t i ty .  I n  the  
chick, t he  di f ferent ia t ion of the  cent ra l  ne rvous  sys tem 
begins first  in the  spinal  cord and  las t  in t he  forebra in  
region e, and  the  process is p r imar i ly  comple te  mos t ly  
a f te r  9 or  10 days '  i ncuba t ionL  Dur ing  this  t i m e  there  is 
ex tens ive  cell prol iferat ion,  migra t ion ,  degenera t ion  and  
histogenesis.  I n  this  process, apa r t  f rom play ing  a s t ruc-  
tura l  role, g lu tamic  acid cont r ibutes  much  to  (1) t he  
supply  of energyL (2) the  media t ion  of the  en t rance  of 
a m m o n i a  in to  the  amino  acid pool and also (3) into t he  
t r ansamina t ion  sys tem",  I t  thus  main ta ins  an equi l ibr ium 

be tween  the  concent ra t ions  of amino  acids and prote ins  
of the  nervous  sys tem - t he  synthesis  of which  has m u c h  
to  do w i t h  morphogenes is  1°. E a r l y  d i f ferent ia t ion  of t he  
spinal  cord explains  t he  h igher  concent ra t ions  of g lu tamic  
acid in this  a rea  t h a n  t h a t  in t he  4-day-old  embryos .  I n  
the  case of mid-  and  also h indbra in  regions of 12-day-old 
embryos ,  fur ther  di f ferent ia t ions  ~ (viz. appearance  of 
some finer s t ra ta  in t he  opt ic  lobes) s ta r t  f rom the  11th 
and subsequent  days,  while in t he  case of h indbra ins  
di f ferent ia t ions  of ' fol ia '  begin on the  12th d a y  of incuba-  
t ion when  the  q u a n t i t y  of g lu tamic  acid also becomes  in- 
creased in these 2 sectors. The  enhancemen t  of g lu tamic  
acid concent ra t ions  in t he  18- and  20-day-old embryos '  

Amount of free glutamic acid (/~g]100 mg of tissue) in the differen- 
tiating central nervous system of chick 

Type of Age of embryos, in days 
t issue 

4 a 6 8 10 12 15 18 20 

Fore -  
b r a i n  a 21.44 31,33 29.07 18.13 5.89 5.40 23.21 30.19 
M i d b r a i n  36.49 31.72 2,33 4.94 4.10 28.86 22.15 
H i n d b r a i n  30.40 51.94 8.13 16.56 3.29 21 .96  6.43 
Sp ina l  
co rd  26.87 30.97 43.33 35.84 18.69 10.04 18.87 39 ,24  

a Entire brain was considered. 
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