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ABSTRACT

Da ta  f r om hyd rodynam ic  measu remen ts  ( sed imen ta t i on  ve loc i t y ,
sed imen ta t i on  equ i l i b r i um  and  v i scome t r y )  a re  sugges t i ve  o f  an
ex tended  ra the r  t han  a  sphe ro ida l  con fo rma t i on  f o r  c i t r us
p e c t i n s  i n  d i l u t e  s o l u t i o n .  E v i d e n c e  i s  p r e s e n t e d  f r o m  l .  t h e
W a l e s - v a n  H o l d e  p a r a m e t e r  k - l I l ]  t o r  a  s e i i e s  o f  p e c t i n
f r ac t i ons  and  un f rac t i ona ted  ma te r i a l  ,  and .  2 .  t he  s l opes  o f
Ma rk -Houw ink  sed imen ta t i on  and  v i scos i t v  p l o t s  f o r  t he  same
s e r i e s  o f  f r a c t i o n s .

INTRODUCTION

Pec t i ns  have  a  w ide  va r i e t y  o f  uses  as  ge l l i ng  and  t h i cken ing
a o e n t s  i  n  l - h c  f  o n d  i  n d r r q f  r r r  T h a i  r  n r .- . ^ , - -  y - o p € r t i e s  w i l  I  b e
i n f l u e n c e d  b y  t h e i r  c o n f o r m a t i o n  u n d e r  t h e  p a r t i c u l a r  c o n d i t i o n s
i n  wh i ch  t hey  a re  used .  A  s tudy  us i ng  sed imen ta t i on
equ i l i b r i um ,  sed imen ta t i on  ve loc i t y  and  v i scos i t y  measu remen ts
on  f r ac t i ona ted  c i t r us  pec t i n  was  unde r taken  t o  i nves t i ga te  r ne
g r o s s  c o n . [ o r m a t i o n  o f  c i t r u s  p e c t i n  ( s p h e r e ,  r o d ,  r a n d o m  c o i t
e t c .  )  unde r  d i l u t e  aqueous  so lu t i on  cond i t i ons .

EXPERIMENTAL

The  i n i t i a l  f r ac t i ona t i on  and  v i scome t r i c  cha rac te r i sa t i on
h a d  b e e n  c a r r i e d  o u t  e a r l i e r  b y  B e r t h  a n d  c o - w o r k e r s  ( 1 , 2 ) .  T h e
samp le  was  a  c i t r us  pec t i n  (Koch -L igh t  L td .  )  w i t h  a  deg ree  o f
e s t e r i f i c a t i o n  o f  - 6 0 %  a n d  a  g a l a c t u r o n a t e  c o n t e n t  o f  - 7 0 ? .
Concen t ra t i ons  (w / v )  we re  de te rm ined  by  d r y  we igh t  o f  pec t i n .
Ch roma tog raph i c  sepa ra t i ons  had  been  c i r r i ed  ou f  on  Gpb  co lumns
o f  Sepha rose  2B /Sepha rose  48 ,  i n  a  phospha te  bu f f e r  a t  pH  6 .5
l v i t h  lmM Na2EDTA and  0 .3mM NaN?  added .  l om l  f r ac t i ons  r r e re  t aken
f rom the  co lumn  and  t he i r  i n t r i ns i c  v i s cos i t i e s  de te rm ined  i n  a
V l s c o m a t i c  ( F I C A ,  F r a n c e )  v i s c o m e t e r  a L  2 5 . 0 " C  ( f , 2 ) .

Fo r  t he  p resen t  s t udy ,  consecu t i ve  f r ac t i ons  we re  t ake r r ,
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comb ined  i n  pa i r s ,  and  t he  resu l t an t  20m1  f r ac t l ons  f r eeze  d r i ed
n r i o r  t o  a n a l v s i s -  T h e  s o l v e n t  u s e d  f o r  s e d i m e n t a t i o n  a n a I v s i s
o f  t h e  2 0 m 1  f r a c t i o n s  w a s  a  p h o s p h a t e  c h l o r i d e  b u f f e r  o f  I = 0 . 3 ,
p H = 6 . 5 ) .  F o r  s e d i m e n t a t i o n  e q u i l i b r i u m ,  l m M  N a I E D T A  a n d  2 m M  N a N "
were  addded ,  and  t he  samp le  was  exhaus t i ve l y  d i a l ysed  aga ins t
t h e  s o l v e n t  b e f o r e  u s e .

Sed imen ta t i on  equ i l i b r j " um was  pe r f o rmed  us ing  a  Beckman  Mode l
E  a n : 1 1 / + i ^ ^ l  r r l 1 -  r a n c n f  r i  f  r r c a  o a r r i n n a d  s r i f  h  A r r r ' l a i a h  i n + a r f!  a r r a r y  L r L q  r  u r  L r d L E r r L r  I J e u  \ .  .  : e f e n c e

o p t i c s ,  a  5  m W  H e - N e  l a s e r  l i g h t  s o u r c e  a n d  a n  R T I C  t e m p e r a t u r e
con t ro l  s ys tem,  f o l l ow ing  l ow  speed  sed imen ta t i on  equ i l i b r i um
p r o c e d u r e s  ( 3 )  t o  d e t e r m i n e  w e i g h t  a v e r a g e  m o l e c u l a r  w e i g h t s
I  M  \  r h i  t . i  -  l  ^ ^h^6n t ra t i ons  we re  O f  t ho  n r r t a r  n f  n  7  mn  , zn l  ..  t  t | Y / , 1"Sed imen ta t i on  

ve loc i t y  expe r imen ts  we re  ca r r i ed  oq t  us i ng  an
M S E  C e n t r i s c a n  7 5  a n a l y t i c a l  u l t r a c e n t r i f u g e  a t  2 0 . 0 " C ,  w i t h
scann ing  sch l i e ren  op t i c s  se t  a t  546nm.  Sed imen ta t i on
c o e f f i c i e n t s  a t  a  s e r i e s  o f  c o n c e n t r a t i o n s  ( s ^ )  w e r e  d e t e r m i p e d ,
c o r r e c t e d  f o r  s o l v e n t  d e n s i t y  t o  c o n d i t i o n s  o f  w a t e r  a t  2 0 . 0 " C
a n d  e x t r a p o l a t e d  t o  

' i n f i n i t e  
d i l u t i o n '  a g a i n s t  c o n c e n t r a t i o n

( c o r r e c t e d  f o r  r a d i a l  d i l u t i o n  i n  t h e  u l t r a c e n t r i f u g e  c e l I ) ,  t o
de te rm ine  t he  i n f i n i t e  d i l u t i on  sed imen ta t i on  coe f f i c i en t  ( s )
us i ng  t he  exp ress ion :

1 / s  =  ( I / s ) ( 1  +  k ' c )
U S

w h e r e  k ' .  i s  t h e  c o n c e n t r a t i o n  d e p e n d e n c e  p a r a m e t e r  o f  t h e
sed imen t5 t i on  coe f f i c i en t  f o r  s ^  va l ues  co r rec ted  f o r  so l ven t
/ ] a n c i f \ /  T h i e  i c  f , , r t h e r  C O r r e C t e d  F O r  s o l t r t . i o n  d e n s i f v , r .r .  ! u l  L l l e l  U U I I e u t e U  I  O r  * _ . . _ - _ r  _ i a n g
( 4 ) :

= k

w h e r e  V  i s  t h e  s o l u t e  p a r t i a l  s p e c i f i c  v o l u m e  I d e t e r m i n e d  h e r e
by  p rec i s i on  dens ime t r y  us i ng  an  An ton  Paa r  (G raz )  DMA 02C
p r e c i s i o n  d e n s i t y  m e t e r  a s  (  0 . 5 7 + 0 .  0 1  )  m l , z g  I  .

I n  t h e  p a p e r  o f  B e r t h  e t  a L  ( 2 ' ) ,  v a l u e s  f o r  t h e  i n t r i n s r c
v i s c o s i t y  a r e  g i v e n  f o r  f r a c i i - o n s  o f  l O m l  b a n d w i d t h .  T h e
e q u i v a l e n t  i n t i i n s i c  v i s c o s i t y  v a l u e s  f o r  c o m b i n e d  a d j a c e n t
f r a c t i o n s  ( i . e .  o f  2 0 m 1  b a n d w i d t h )  w e r e  c a l c u l a t e d  f r o m  t h e
we igh ted  ave rage  o f  each  se t  o f  two  l 0m l  va l ues .

CONFORMATIONAL PROBES

Know ing  t he  mo lecu la r  we igh t s ,  sed imen ta t i on  coe f f i c i en t s  and
i n t r i n s i c  v i s c o s i t i e s  o f  t h e  p e c t i n  f r a c t i o n s ,  i t  i s  p o s s i b l e  t o
exam ine  t he i r  poss ib l e  con fo rma t . i ons  by  two  app roaches :

l .  U s e  o f  t h e  r r l { 6 l s c - r r : n  H n l  r r a "  n r r ^ m a t e r .  T h e  v a l u e  o f  t h e
r a t i o  k . / [ 4 ]  i s  c h a r a c t e r i s t i c a l l y  - I . 6  f o r  s p h e r e s  a n d  r a n d o m
c o i I s ,  5 n d  s u b s t a n t i a l l y  I o w e r  f o r  a s y m m e t r i c  m o l e c u l e s  ( 5 - 7 ) .

2 .  Ma rk -Houw ink  app roach .  Two  o f  t he  Mark -Houw ink  t ype
egua t i ons  a re  r e l evan t  he re :

l z l  =  K ' M a  ;  s  =  K " M b
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The  va lues  o f  a  and  b  can  be  es t ima ted  f r om the  s l opes  o f
1og - l og  p1o t s ,  and  have  cha rac te r i s t i c  vaLues  f o r  t he  t h ree  ma in
c o n f o r m a t i o n a l  g r o u p s  ( T a b l e  1 ) .

T a b l e  1 .  V a l u e s  o f  a  a n d  b  f o r
mac romo lecu la r  shaoe  (

d i f f e r e n t  c l a s s e s  o f
f r o m  R e f .  8 )

b

random co i l
r od

0  0 . 6 7
0 .  s - 0 . 8  0 . 4 - 0 .  5

I . 8  0 . 1 5

RESULTS

T a b l e  2 . R e s u l t s  f o r  f r a c t i o n a t e d  p e c t i n s .

F rac t i on

9  - 1 0

t 3 - 1 4
l 5 - 1 6
1 7 - 1 8
1 9  - 2 0

2 t - 2 2  I

k" ( m1,zg )

8 I  .  6 + 2 I  . 9
9 2 . 8 + 1 4 . 0
7 0 . 6 i t 0 . 2
6 2  . 2 i 3 2  .  I
2 7  . 0 i 5  - 8
r 9 . 3 t 5 2 . 0

[ ' t  ]  (ml,/g )

8 0 9 . 3
6 2 4  . 5
4 ' 7 9  . 4
3 4 1 . 3
z r  I  - 3
1 6 0 . 5

k  / l , t ls - -

0 . 1 0
0 . 1 5
0 . 1 5
0 . 1 8
0 . 1 2
0 . 7 4

T h e  v a l u e s  o f  X - / t n )  f o r  a l l  t h e  p e c t i n  f r a c t i o n s  ( T a b l e  2 )
c a n  b e  s e e n  t o  b e  S u b s t a n t i a l l y  l o w e r  t h a n  1 . 6 ,  i n d i c a t i n g  a n
ex tended ,  r od  l i ke  con fo rma t i on  i n  a1 l  cases .  Th i s  i s  con f i rmed
b y  t h e  p l o t  o I  l o g  s  v e r s u s  l o g  t i l . . ,  ( F i g u r e  I a ) ,  w h i c h  h a s  a
s l o p e  f r o m  l i n e a r  r e g r e s s i o n  o f  0 : 1 7 + 0 . 1 0 ,  v e r y  c l o s e  t o  t h e
v a l u e  o f  0 . 1 5  f o r  r o d s ,  b u t  c l e a r l y  n o t  c o n s i s t e n t  w i t h  a
sphe r i ca l  o r  r andom co i l  con fo rma t i on .

T h e  i n i t i a l  s l o p e  o f  ( 2 . 0 + 0 . 3 ) ,  t e s t i m a t e d  b y  l i n e a r
i n n  n f  + h 6  € i r s l -  f i \ / e . l ^ l - A  n o i n f s l  o f  i h e  l o o  I n l  r r g ; 5 t , t 5J  v !  L r r u  r v Y  1  

, ,  
I  v' I  n n  v  n l  n +  /  F i  ^ , 1 r ^  I  k r )  a n n e a r s  t o  s n n D o r t  t h i S  r O d  l i k eY ' " v  \

c l a s s i f i c a t i o n .  I t  i s  h o w e v e r  s i g n i f i c a n t  t o  n o t e  t h a t  t h e r e  i s
a  d e c r e a s e  i n  s l o p e  w i t h  i n c r e a s i n g  m o l e c u l a r  w e i g h t  w h i c h  c o u l d
be  an  i nd i ca t i on  o f  a  change  i n  shape  t o  a  mo re  f l ex i b l e  f o rm  as
the  mo lecu la r  we igh t  i nc reases .  No t  shown  i n  F i g  l b  a re  two
po in t s  o f  h i ghe r  mo lecu la r  we igh t  wh i ch  have  anoma lous l y  1ow
v a l u e s  f o r  t h e  i n t r i n s i c  v i s c o s i t y .  W e  f e e l  t h i s  i s  d u e  t o  t h e
p r e s e n c e  o f  a p p r e c i a b l e  a m o u n t s  o f  c o m p a c t  h i g h  m o l e c u l a r  w e i g h t
s p h e r i c a l  a g g r e g a t e s  c o n t a m i n a t i n g  t h e  s a m p l e  ( I , 2 ) .  t f  t h e s e
s p e c i e s  a r e  a l s o  p r e s e n t  ( i n  p r o p o r t i o n a l l y  l e s s e r  q u a n t i t i e s )
i n  t h e  l o w e r  m o l e c u l a r  w e i g h t  f r a c t i o n s ,  t h i s  c o u l d  p r o v i d e  a n
a l t e rna t i ve  exp lana t i on  f o r  t he  obse rved  change  i n  s l ope  as
mo lecu la r  we igh t  i nc reases .  Such  e f f ec t s  wou ld  no t  be  obse rved
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F igu re  1 .  "Doub Ie  Log  P Io t s "  o f  ( a )  Sed imen ta t i on  Coe f f i c ren t
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C i t r us  Pec t i n  F rac t i ons
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i n  t h e  l o g  s  v e r s u s  l o g  M , . ,  p l o t  ( F i g  1 a ) ,  s j n c e  t h e
s e d i m e n t a t i o n  c o e f f i c i e n t g  w i l l  n o t  b e  a f f e c t e d  ( h i g h e r
m n l o c r r l : r  u r o i n h l -  q n e c i o q  r a m n r r o d  h \ /  t h a  - a n f r i  t r r a : 1  f  i a l d )

D I S C U S S  I O N

C ) r r r  r e q  r l  l - q  A n n e a t .  i n  a l  I  c a S e S  t O  S l t n n o r f  a n  e y f  e n d e d

r o d - I i k e  c o n f o r m a t i o n  [ o r  c i t r u s  p e c t i n s  i n  d i I u L e  a q u e o u s
s o l u t i o n .  t h i s  i s  i n  a g r e e m e n t  w i t h  e v i d e n c e  f r o m  t h e o r e t i c a l
^ - r n , l - r  i ^ ^ -  ^ ^  ^ ^ 1 , , ^ r l - ^ f , ,  ^ h - i n a  f q l  T n ^ o n o n r t o n +  I  i a h rr r  u r r  P v l y Y  c  L r r a r r r J  \ / / .  r r r u u p l r r v r " L  r r 9 r i L

sca t t e r i ng  wo rk  on  pec t i ns  has  a l so  i nd i ca ted  an  ex tended
c o n f o r m a t i o n  ( 1 0 ) ,  a l t h o u g h  t h e  w o r m l i k e  c h a i n  m o d e l  w a s
c o n s i  d e r e d  m o r e  a p p r o p l i  a t e .

T f  t r u e ,  t h e  e x t e n d e d  c o n f o r m a t i o n  E o u n d  f o r  c i t r u s  p e c t i n ,
i n  c o m p a r i s o n  w i L h  m a n y  o t h e r  p o l y s a c c h a r i d e s ,  i s  p r o b a b l y  d u e
t o :  ( i )  T h e  s e v e r e  s t e r i c  h i n d r a n c e  o f  t h e  a - l - 4  g a l a c t u r o n a t e
l i n k a g e ,  w h i c h  r s  b r - a x i a I ,  a n d  ( i i )  T h e  r e l a L i v e l y  l o w  m o l e c u l a r
w e r g h t .

F u r t h e r ,  t h e  r e s u l t s  w e  h a v e  f o u n d  s u g g e s t  t h a t  i t  i s
i h - ^ n r ^ ^ r i r + ^  | ^  ^ - f  i m r f ^  n o n f  i n  m a l a a r , t - r , . , ^ . i ^ L r -  f - ^ -| , o y P '  v P ,  I  o  L c  ,  " , q  L r  y L r  w c r 9 r r L i l  r  u " r

m e a s u r e m e n t  o f  i n t r i  n s i c  v i s c o s i t y  u s i n g  a  s i n g l e  M a r k - H o u w j n k
r e l a t i o n .  T h i s ,  a n d  o t h e r  r e l a t e d  p h e n o m e n a  w i l l  b e  c o n s i d e r e d
i  n  m o r e  d e L a i l  i  n  a  f u l u r e  p u b l  i c a t  i o n .
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