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HIGH-PERFORMANCE GEL PERMEATION CHROMATOGRAPHY OF PECTINS 

Howard G .  Bar th  
Hercules  I n c o r p o r a t e d  

Research C e n t e r  
Wilmington, Delaware 19899 

ABSTRACT 

A high-performance g e l  permeat ion chromatographic  (GPC) 
method was developed t o  de te rmine  t h e  molecular  weight  d i s t r i -  
b u t i o n  of p e c t i n s .  The chromatographic  sys tem c o n s i s t e d  of a 
h y d r o p h i l i c  coa ted  s i l i c a  (SynChropak) as t h e  packing and a pH 
3 . 7  a c e t a t e  b u f f e r  as t h e  mobile  phase. By use  of t h i s  sys tem,  
high-methoxy, low-methoxy, and amidated p e c t i n s  could be ana lyzed  
w i t h i n  f i f t e e n  minutes .  By d e t e r m i n i n g  p a r t i t i o n  c o e f f i c i e n t s  
(%) of p e c t i n s  as a f u n c t i o n  of mobile  phase  composi t ion ,  Kd 
v a l u e s  were found t o  be independent  of i o n i c  s t r e n g t h  from 0.055 
t o  0 . 7  M u s i n g  pH 3'.7 a c e t a t e  b u f f e r s ,  which w a s  i n  agreement 
w i t h  i n t r i n s i c  v i s c o s i t y  d a t a .  

INTRODUCTION 

P e c t i n  i s  a n a t u r a l  p o l y s a c c h a r i d e  i s o l a t e d  from t h e  p e e l  

of c i t r u s  f r u i t s .  P u r i f i e d  p e c t i n  c o n s i s t s  mainly of a l i n e a r  

polymer of a-1,h- l inked D-galac turonic  a c i d  p a r t i a l l y  e s t e r f i e d  

w i t h  methanol a t  t h e  carboxyl  on p o s i t i o n  C-6 ( s e e  F i g u r e  1). 

Depending on t h e  p l a n t  s o u r c e  and c o n d i t i o n s  used i n  i t s  i s o -  

l a t i o n ,  p e c t i n  u s u a l l y  c o n t a i n s  v a r y i n g  amounts of D-ga lac tose ,  

L-arab inose ,  L-rhamnose and a c e t y l  groups on C-2 and C-3 (1,Z). 
P e c t i n  i s  used p r i m a r i l y  i n  t h e  food i n d u s t r y  a s  a g e l l i n g  

agent  f o r  jams, j e l l i e s ,  and o t h e r  foods and as a s u s p e n s i o n  

s t a b i l i z e r  f o r  m i l k  products  and f r o z e n  d e s s e r t s .  P e c t i n  i s  a l s o  

used i n  t h e  pharmaceut ica l  and cosmet ic  i n d u s t r i e s .  
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O H  

P E C T I N  0 - G A L A C T U R O N A N  

R = - H  or -CH3 

FIGURE 1 

S t r u c t u r e  of  p e c t i n .  

The g e l a t i o n  p r o p e r t i e s  o f  p e c t i n  a r e  s t r o n g l y  i n f l u e n c e d  

by t h e  p o l y m e r ’ s  d e g r e e  o f  m e c h y l a t i o n  (DX). Thus ,  p e c t i n s  a r e  

c l a s s i f i e d  a c c o r d i n g  t o  DM v a l u e s :  high-methoxy p e c t i n s  (DN, 
60-80%) and low-methoxy p e c t i n s  (DM, 25-507:) ( 3 ) .  P e c t i n s  c a n  

be  hydro lyzed  w i t h  ammonia t o  y i e l d  a m i d a t e d  low-methoxy p e c t i n s .  

Depending on DM v a l u e s ,  p e c t i n s  w i l l  g e l  i n  t h e  p r e s e n c e  of  s u g a r  

and a c i d  (high-methoxy)  o r  Ca+2 ( low-methoxy) .  

A l though  a v e r a g e  m o l e c u l a r  w e i g h t s  o r  d e g r e e s  of  polymer-  

i z a t i o n  of  p e c t i n s  a re  d e t e r m i n e d  r o u t i n e l y  f rom v i s c o s i t y  

measurements  ( 4 , 5 ) ,  c h a r a c t e r i z i n g  t h e s e  po lymers  i n  t e r m s  0 5  

t h e i r  m o l e c u l a r  we igh t  d i s t r i b u t i o n  (4IhD) i s  h i g h l y  u s e f u l  in 

, i r o d u c t i o n  c o n t r o l  and end-use p e r f o r m a n c e  e v a l u a t i o n .  However, 

t h e r e  have been v e r y  f e w  p a p e r s  p u b l i s h e d  c o n c e r n i n g  t h e  XWD 

o f  t h i s  p o l y s a c c h a r i d e .  S e p h a r o s e  ( 6 )  and Sephadex (6-9)  

g e l s  have been employed w i t h  d i l u t e  sodium c h l o r i d e  a n d / o r  sodium 

o x a l a t e  s o l u t i o n s  as  m o b i l e  p h a s e s .  

During t h e  p a s t  s e v e r a l  y e a r s ,  h i g h  p e r f o r m a n c e  GPC s u p p o r t s  

f o r  w a t e r - s o l u b l e  po lymers  have been i n t r o d u c e d .  Eecause of 

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

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



GPC OF PECTINS 1483 

are  s u p e r i o r  t o  c o n v e n t i o n a l  p a c k i n g s .  Excep t  f o r  o n e  b r i e f  r e p o r t  

(lo), t h e  u s e  o f  h igh -pe r fo rmance  GPC f o r  p e c t i n s  h a s  n o t  been  

p r e v i o u s l y  examined i n  d e t a i l .  

T h i s  r e p o r t  d e s c r i b e s  t h e  e v a l u a t i o n  o f  a h igh -pe r fo rmance  

GPC s y s t e m  t o  d e t e r m i n e  r e l a t i v e  Mk?) o f  h i g h ,  l o w ,  and  a m i d a t e d  

methoxy p e c t i n s .  T h i s  c h r o m o t o g r a p h i c  s y s t e m  h a s  b e e n  p r e v i o u s l y  

used  t o  d e t e r m i n e  t h e  MkD o f  m o d i f i e d  c e l l u l o s i c s  (11). 

EXPERIMENTAL 

A p p a r a t u s  

A V a r i a n  8500 l i q u i d  c h r o m a t o g r a p h  and a Waters 401 d i f f e r e n t i a l  

r e f r a c t o m e t e r  were employed. The r e f r a c t o m e t e r  w a s  t h e r m o s t a t t e d  

t o  73-24"C w i t h  a h a k e  FE water b a t h .  S t a g n a n t  m o b i l e  p h a s e  w a s  

kep t  i n  t h e  r e f e r e n c e  s i d e  of t h e  r e f r a c t o m e t e r .  Samples  were 

i n j e c t e d  w i t h  a Rheodyne 70-01 i n j e c t i o n  valve w i t h  a 20 1.11 l o o p .  

Columns 

The p a c k i n g  ma te r i a l  c o n s i s t e d  of  a g l y c e r y l p r o p y l s i l y l  

l a y e r  c o v a l e n t l y  bonded t o  L i C h r o s p h e r  s i l i c a  p a r t i c l e s  (10 pm) 

and w a s  p u r c h a s e d  p repacked  i n  4 . 1  mm I.D. x 2 5  cm l o n g  s t a i n l e s s  

s t e e l  columns from SynChrom, L i n d e n ,  IK. Nominal p o r e  s i z e s  

used  i n  t h i s  s t u d y  were 100,  500 and lOOOi. 
a r r a n g e d  i n  ser ies  w i t h  t h e  smaller p o r e - s i z e d  s u p p o r t  p l a c e d  

firs:. 

Columns were 

X o b i l e  Dhase 

A l l  m o b i l e  p h a s e s  were p r e p a r e d  u s i n g  d i s t i l l e d  water  and 

r e a g e n t  g r a d e  c h e m i c a l s .  They were f i l t e r e d  u n d e r  vacuum u s i n g  

a 0 . 2 2  $m membrane f i l t e r  (Type GS,  M i l l i p o r e ,  Bedfo rd ,  MA). 

I o n i c  s t r e n g t h s  were c a l c u l a t e d  u s i n g :  

L = 1 / 2 I c z  ' 
i i  

where C i  i s  t h e  m o l a r  c o n c e n t r a t i o n  o f  a n  i o n  o f  c h a r g e  Z i .  
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The degree  of d i s s o c i a t i o n  f o r  a c e t a t e  was e s t i m a t e d  from t h e  

l i t e r a t u r e  (12), a t  pH 4 ,  a = 0.1. 

The recommended p H  3 . 7  mobi le  phase  w a s  p repared  by f i r s t  

adding 60 m l  of  4 M sodium a c e t a t e  and 440,ml of 4 M a c e t i c  

a c i d  t o  a o n e - l i t e r  v o l u m e t r i c  f l a s k  and f i l l i n g  t o  volume w i t h  

water. T h i s  g i v e s  a pH 3 . 7  b u f f e r  of  0.22 M i o n i c  s t r e n g t h .  

The i o n i c  s t r e n g t h  of t h i s  s o l u t i o n  is t h e n  i n c r e a s e d  t o  1 .42  M 

by adding 0.4 mole o f  sodium s u l f a t e  t o  one l i t e r  of t h e  

0 .22  M a c e t a t e  s o l u t i o n .  T h i s  s o l u t i o n  i s  t h e n  d i l u t e d  1:l 

w i t h  water and used a s  t h e  mobi le  phase.  The 1.42 M s o l u t i o n  

i s  used f o r  sample p r e p a r a t i o n .  

S tandards  

Glucose w a s  used t o  measure column e f f i c i e n c e s  and t o  

de te rmine  t h e  permeated column volume (Vp). Although a d e x t r a n  

2 x lo6 molecular  weight  s t a n d a r d  could  b e  used t o  de te rmine  t h e  

e x c l u s i o n  volume (Vo) of t h e  100 and 500A columns, a c a l c u l a t e d  

volume of  1 .15 m l  f o r  each  column was used i n  a l l  Kd c a l c u l a t i o n s .  

A l i s t  of a l l  p e c t i n s  mentioned i n  t h i s  s t u d y  is g i v e n  i n  T a b l e  1. 

0 

V i s c o s i t y  Determina t ions  

R e l a t i v e  v i s c o s i t i e s  a t  25OC were determined w i t h  a s t a n d a r d  

Ubbelohde c a p i l l a r y  v i s c o m e t e r .  I n t r i n s i c  v i s c o s i t i e s  were 

determined a t  25'C w i t h  Ubbelohde c a p i l l a r y  v i s c o m e t e r s  u s i n g  

a t  l e a s t  s i x  t o  e i g h t  c o n c e n t r a t i o n s  and e x t r a p o l a t e d  t o  z e r o  

c o n c e n t r a t i o n .  90 s h e a r  r a t e  c o r r e c t i o n s  of  t h e  v i s c o m e t e r s  were 

made. 

Recommended Procedure  f o r  t h e  GPC A n a l y s i s  of P e c t i n s  

Sample  P r e p a r a t i o n  

A g iven  amount ( u s u a l l y  1 mg/ml) of sample i s  s lowly  added 

t o  50 m l  of d i s t i l l e d  water. To a v o i d  agglomera t ion  and lumping,  
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Tvpe 

High-Methoxy 

High-Methoxy 

Low-Methoxy 

Low-Methoxy 

Amida t ed 

Amida t ed 

TABLE 1 

Commercial P e c t i n s  Used i n  T h i s  S t u d y  

Lot  D M ( ~ )  D A ( ~ )  AGA(C) ~ ~ 1 .  w t . ( d )  

A 67% --- 82.4% 1 3 7 , 0 0 0  

B 63% --- 82.6% 1 4 0 , 0 0 0  

A 34% --- 92.9% 58,000 

- - -  

B 30% --- 88.6% 91,000 

A 27% 22% 88.8% 96,000 

B 26% 2 1% 89.3% 1 1 3 , 0 0 0  

a )  Degree of  m e t h y l a t i o n  

b )  Degree of  a m i d a t i o n  

c )  Anhydroga lac  t u r o n i c  a c i d  

d )  Determined f rom v i s c o s i t y  measu remen t s  

t h e  sample  i s  s l o w l y  s p r i n k l e d  i n t o  t h e  v o r t e x  o f  a r a p i d l y  

s t i r r e d  s o l u t i o n .  Depending o n  t h e  s a m p l e ' s  v i s c o s i t v ,  s o l u t i o n s  

must b e  s t i r r e d  f o r  a minimum of  two hours and q u i t e  o f t e n  

o v e r n i g h t .  A f t e r  c o m p l e t e  d i s s o l u t i o n ,  50 m l  o f  1 . 4  M i o n i c  

s t r e n g t h  b u f f e r  (pH 3 . 7 )  i s  s l o w l y  added  t o  a r a p i d l y  s t i r r e d  

s o l u t i o n .  The s o l u t i o n  i s  f i r s t  p r e f i l t e r e d  t h r o u g h  a 0 .7  urn 
g l a s s - f i b e r  f i l t e r  (GF/F, 47 mm d i a m . ,  Whatman) w i t h  s u b s e q u e n t  

f i l t r a t i o n  t h r o u g h  a 0 .65  ;m membrane f i l t e r  (Type DA,  1 3  mm 

d i a m . ,  : 4 i l l i p o r e ) ,  u s i n g  a Swinney h o l d e r .  A 1 1  s a m p l e s  m u s t  

be ch romatographed  w i t h i n  two d a y s  a f t e r  p r e p a r a t i o n .  

- 

h3en compar ing  peak  p r o f i l e s  of d i f f e r e n t  s a m p l e s ,  e a c h  

s a m p l e  must b e  p r e p a r e d  i n  a n  i d e n t i c a l  f a s h i o n  ( l e n g t h  o f  

s t i r r i n g  and f i l t r a t i o n  m e t h o d ) .  

Chromatograph ic  C o n d i t i o n s  

With a g i v e n  column set  and r e f r a c t o m e t e r  a t t e n u a t i o n  ( x 4  F o r  

1 mg/ml s o l u t i o n s ) ,  20 u1 of  sample  s o l u t i o n  i s  i n j e c t e d  i n  
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1486 BARTH 

t r i p l i c a t e  a t  a f low r a t e  of 0 .5  ml/min. To i n s u r e  t h a t  chromato- 

g r a p h i c  o v e r l o a d i n g  e f f e c t s  are n o t  o c c u r r i n g ,  i t  i s  recommended 

t h a t  s e v e r a l  i n j e c t i o n s  of lower c o n c e n t r a t i o n  s o l u t i o n s  

be made and r e t e n t i o n  times and peak p r o f i l e s  compared. 

RESULTS AND DISCUSSION 

E f f e c t  of Mobile Phase I o n i c  S t r e n g t h  

The i n f l u e n c e  of mobi le  phase i o n i c  s t r e n g t h  i n  aqueous GPC 

has been covered i n  s e v e r a l  rev iews  ( 1 2 ,  1 3 ) ,  and r e c e n t  p a p e r s  

(11, 13-19). B r i e f l y ,  t h e  i o n i c  s t r e n g t h  of t h e  mobile  phase must 

be s u f f i c i e n t l y  h igh  t o  e l i m i n a t e  e l e c t r o s t a t i c  i n t e r a c t i o n s  

between i o n i c  groups on  t h e  packing and on t h e  p o l y e l e c t r o l v t e .  

T h i s  w i l l  h e l p  prevent  i o n  e x c l u s i o n ,  i o n  i n c l u s i o n ,  i on  exchange,  

and a d s o r p t i o n  from o c c u r r i n g .  Not o n l y  does t h e  a d d i t i o n  o f  

e l e c t r o l y t e s  i n  t h e  mobile phase e l i m i n a t e  t h e s e  non-size exclusion 

mechanisms, i t  can a l s o  reduce  t h e  p o l y e l e c t r o l y t e ' s  hydrodynamiL 

volume. This  d e c r e a s e s  t h e  v i s c o s i t y  o f  i n j e c t e d  s o l u t i o n s ,  t h u s  

minimizing chromatographic  v i s c o s i t y  e f f e c t s .  Woreover, a n a l v z i a g  

p o l y e l e c t r o l y t e s  i n  t h e i r  c o n t r a c t e d  s t a t e  may h e l p  t o  reduce  t h e  

e f f e c t  of chemical  h e t e r o g e n e i t y  of i o n i c  groups on t h e  polvmer. 

To q u a n t i f y  t h e  i n f l u e n c e  of  mobi le  phase i o n i c  s t r e n q t h  on  

e l u t i o n  behavior  of p e c t i n ,  p a r t i t i o n  c o e f f i c i e n t s  (Kd) were 

examined. These were c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :  

where V r  is t h e  e l u t i o n  volume o f  t h e  sample a s  determined from 

i t s  peak maximum, Vo i s  t h e  t o t a l  i n t e r s t i t i a l  volume, which w a s  

ob ta ined  by assuming t h a t  i t  i s  e q u i v a l e n t  t o  35% of t h e  t o t a l  

column volume, and V i  is  t h e  t o t a l  p o r e  volume, which was 

determined from t h e  e l u t i o n  volume of g l u c o s e  (V,) u s i n g  t h e  

fo l lowing  e q u a t i o n :  

v i  = vp-vo 

The i n f l u e n c e  of i o n i c  s t r e n g t h  on Kd was determined w i t h  a 

number of d i f f e r e n t  p e c t i n  samples using a pH 3 . 7  a c e t a t e  b u f f e r  

and t h e  r e s u l t s  are shown i n  T a b l e  2 .  A s  i n d i c a t e d ,  f o r  a g iven  
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GPC OF PECTINS 

TABLE 2 

E f f e c t  of Mobile Phase I o n i c  S t r e n g t h  on %‘a) Values  
0 

Condi t ions :  100-500A SynChrom columns ( 4 . 1  mm x 25 cm p e r  

column); mobile  phase:  pH 3.7 a c e t a t e  b u f f e r ;  f low-rate:  0 .5  

ml/min.; i n j e c t i o n  volume: 20 Ul; d e t e c t o r :  R I  

Concent ra t ion  Kd 
Sample mg/ml 0.055M 0.l lM 0.41M ~ 0.7M - - - -  

Hig h-Me t hoxy A 5.2 0.43 

2.6 0.42 0.44 0.42 0 .42  

1.0 0 .40  0.41 0 . 4 1  0.39 

Hig h-Me t hoxy B 5.2 0.44 

2 . 6  0 .42 0.42 0 .41  0 .42  

1.0 0.41 0 . 4 1  0 .62  0 . 4 1  

Low-Met hoxy A ( d )  5 . 1  0.44 

2 . 6  0 . 4 1  0.45 0 . 4 3 ( b )  0 . 4 ? ( b )  

1.0 0 .  4 1  0.42 0 .41  (C) 0 . 4 2  ( c )  

Low-Flethoxy B(d) 5.1 0.44 

2 . 6  0 .43  0.44 0 . 4 3 ( b )  0 . & 2 ( b )  

1.0 0 . 4 1  0.42 0 . 4 2 ( C )  0 . 4 2 ( c )  

h i d a t e d  A(d)  5 . 0  0.43 

2.5 0 .42  0.43 0 .41  (b)  0 . 4 1  (b)  

1.0 0.40 0 . 4 1  0 . 3 e i c )  0 . 3 S . i c )  

h i d a t e d  B 5 .1  0 . 5 3  

2 . 6  0 .42 0.43 0.42 0. ir1 

1 .0  0 .40  0 . 4 0  0 .39  0.39 

a )  Calcu la ted  from peak maximum; Vp from g l u c o s e  and 170 = 1.15 r n l  per  c o l u m n .  
b )  2 . 1  mg/ml i n j e c t e d .  
c )  0.9 mg/ml i n j e c t e d .  
d )  Samples conta ined  20% s u c r o s e .  Weights correspond t o  p e c t i n  and  no 

m o i s t u r e  c o r r e c t i o n s  were made. 
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1488 BARTH 

c o n c e n t r a t i o n  of  i n j e c t e d  polymer, t h e r e  w a s  no s i g n i f i c a n t  change 

i n  K,-J v a l u e s  when t h e  mobi le  phase i o n i c  s t r e n g t h  was i n c r e a s e d  

from 0.055 t o  0.7 M f o r  a l l  t h r e e  t y p e s  of p e c t i n .  When t h e s e  

r e s u l t s  a r e  compared w i t h  a similar s t u d y  of carboxymethyl  

c e l l u l o s e  (CMC) an a n i o n i c  p o l y e l e c t r o l y t e ,  t h e  p e c t i n s  appear  t o  

b e  s i g n i f i c a n t l y  l e s s  s a l t - s e n s i t i v e  t h a n  CNC i n  terms of Kd 

v a l u e s  (11) at h i g h e r  i o n i c  s t r e n g t h  s o l u t i o n s .  

The e f f e c t  of i o n i c  s t r e n g t h  on t h e  hydrodynamic volume of 

p e c t i n  was determined from i n t r i n s i c  v i s c o s i t y  measurements of a 

high-methoxy p e c t i n .  As shown i n  T a b l e  3 ,  t h e r e  was no s i g n i f i -  

c a n t  i n t r i n s i c  v i s c o s i t y  change when t h e  i o n i c  s t r e n g t h  w a s  

i n c r e a s e d  from 0.05 t o  0 .7  M .  T h i s  low s a l t  s e n s i t i v i t y  a t  h i g h e r  

i o n i c  s t r e n g t h  e x h i b i t e d  by p e c t i n  is in agreement w i t h  Kd measure- 

ments. The v i s c o s i t y  d a t a  a r e  i n  agreement w i t h  r e s u l t s  o b t a i n e d  

by  Lotzkar ,  e t  a l .  ( 2 0 )  i n  which t h e  r e l a t i v e  v i s c o s i t i e s  o f  10 .7  

and 3 . 6 %  DM p e c t i n  samples reached minimum v a l u e s  a t  i o n i c  

s t r e n g t h s  of about  0 .01  and 0.09 M (pH ?J 3 1 ,  r e s p e c t i v e l y .  

A s  shown i n  Table  3 ,  when t h e  pH of  t h e  0 . 7  i o n i c  s t r e n g t h  

b u f f e r  was i n c r e a s e d  from 3 . 7  t o  5 .9 ,  t h e  i n t r i n s i c  v i s c o s i t y  

decreased  from 3 . 4  t o  3 . 2 .  T h i s  might have been caused by base- 

c a t a l y z e d  depolymer iza t ion  which a p p a r e n t l y  can o c c u r  a t  pH v a l u e s  

g r e a t e r  than 4 (1). 

TABLE 3 

E f f e c t  o f  I o n i c  S t r e n g t h  on I n t r i n s i c  V i s c o s i t v  o f  P e c t i n  

I o n i c  S t r e n g t h ,  M(a) [ n  1 ( b )  

0 15.0 

0.05 3.5 

0.10 3 . 4  

0.35 3 . 4  

0.70 3 . 4  ( 3 . 2  a t  pH 5.9)  

(a )  DH 3 . 7  a c e t a t e  b u f f e r  

( b )  HM-B p e c t i n  
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GPC OF PECTINS 1489 

P r e v i o u s l y  publ i shed  i n t r i n s i c  v i s c o s i t i e s  of  CMC a s  a 

f u n c t i o n  of i o n i c  s t r e n g t h  a t  pH 3 . 7  showed t h a t  CMC is more s a l t -  

s e n s i t i v e  than  p e c t i n  (11). T h i s  comparison i s  i n  agreement w i t h  

r e s u l t s  o b t a i n e d  by Pals  and Hermans who s t u d i e d  t h e  [ q l - s a l t  

dependency of b o t h  p e c t i n  and CMC ( 2 1 ) .  Obviously,  t h e  s a l t  

s e n s i t i v i t y  of t h e  v i s c o s i t y  of t h e s e  p o l y e l e c t r o l y t e s  depends 

on t h e  degree  of s u b s t i t u t i o n  of i o n i c  groups ,  t h e  s p a t i a l  con- 

f i g u r a t i o n  and f l e x i b i l i t y  of  t h e  polymer c h a i n ,  and t h e  

composi t iona l  h e t e r o g e n e i t y  of i o n i c  groups .  

E f f e c t  o f  Mobile Phase pH 

P e c t i n  s o l u t i o n s  a r e  most s t a b l e  at  a pH r a n g e  of  3-4 .  

O u t s i d e  t h i s  range ,  depolymer iza t ion  can occur  (1). Thus, our  

p r e s e n t  s t u d i e s  were l i m i t e d  t o  a pH 3 . 7  b u f f e r .  However, 

Lotzkar  h a s  demonstrated t h a t  t h e  r e l a t i v e  v i s c o s i t y  of a 0 .3% 

p e c t i n  s o l u t i o n  was p r a c t i c a l l y  independent  of pH (1.5 t o  7 . 5 )  

a t  an i o n i c  s t r e n g t h  of 0.017 M N a C l  ( 2 0 ) .  A t  i o n i c  s t r e n g t h s  

lower t h a n  0.017, t h e  r e l a t i v e  v i s c o s i t y  of p e c t i n  i n c r e a s e d  

w i t h  pH. 

Recommended Mobile Phase 

Based on GPC (Table  2 )  and i n t r i n s i c  v i s c o s i t y  d a t a  (Table  

3 ) ,  t h e  mobile  phase i o n i c  s t r e n g t h  should  b e  g r e a t e r  than  0 .05  ?1 

t o  i n s u r e  maximum p o l y e l e c t r o l y t e  c o n t r a c t i o n .  A 0 . 7  N mobile  

phase  i s  be ing  r o u t i n e l y  used i n  our  l a b o r a t o r y .  As p r e v i o u s l y  

d e s c r i b e d  (ll), a t  t h i s  h igh  c o n c e n t r a t i o n  small  v a r i a t i o n s  i n  

mobile phase composi t ion do n o t  change peak shapes o r  Kd v a l u e s .  

A ?H 3.7 b u f f e r  has  been s e l e c t e d  t o  i n c r e a s e  column l i f e  by 

reducing  s i l i c a  d i s s o l u t i o n .  A t  t h i s  pH, t h e  mobile  phase can 

be s t o r e d  f o r  extended p e r i o d s  of t ime because of t h e  absence o f  

m i c r o b i o l o g i c a l  growth. Moreover, t h i s  a c e t a t e - s u l f a t e  b u f f e r  i s  

not  c o r r o s i v e .  S o l u t i o n s  of p e c t i n  a r e  s t a b l e  a t  pH 3 . 7  (1) a n d .  

s o l u b l e  i n  t h e  mobile  phase p r o v i d i n g  t h a t  they  a r e  f i r s t  

d i s s o l v e d  i n  water a s  e x p l a i n e d  i n  t h e  Exper imenta l  s e c t i o n .  
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1490 BARTH 

O p e r a t i o n a l  Parameters  

1. Sample S i z e  

A s  shown i n  T a b l e  2 and Figure  2 ,  t h e  c o n c e n t r a t i o n  o f  

i n j e c t e d  samples  can have a s i g n i f i c a n t  e f f e c t  on Kd v a l u e s .  A s  

t h e  sample c o n c e n t r a t i o n  is i n c r e a s e d ,  t h e  e l u t i o n  volume o f  t h e  

peak i n c r e a s e s .  A t  h i g h e r  c o n c e n t r a t i o n s ,  t h e  peak becomes d i s -  

t o r t e d .  These o v e r l o a d i n g  e f f e c t s  can  b e  e x p l a i n e d  i n  terms of  

two phenomena (22 )  : macromolecular crowding and v i s c o u s  ' 

f i n g e r i n g .  A t  h i g h  polymer c o n c e n t r a t i o n ,  i t  i s  assumed t h a t  

= 2 . 1 )  

I I I I 

8 6 4 2 

T I Y E .  N I N .  

F I G U R E  2 

E f f e c t  of sample s i z e  on t h e  e l u t i o ?  p r o f i l e  of high-rnethoxy 
p e c t i n  l o t  5. Column se t :  100-500A SynChrom ( 4 . 1  mm I.D. x 
2 5  c m  long per  column). Yobi le  phase:  0.55 9 (X) ph 3 . 7  a c e t a t e  
b u f f e r .  Flow-rate: 0 .5  ml/rnin. I n j e c t i o n  volume: 20  ul. 
D e t e c t o r :  R I  x4 
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i n d i v i d u a l  c h a i n s  become crowded, t h u s  reducing  t h e i r  hydro- 

dynamic volume. T h i s  l e a d s  t o  a peak s h i f t  towards a h i g h e r  

e l u t i o n  volume. Peak d i s t o r t i o n  was f i r s t  e x p l a i n e d  by Woore 

(23 )  i n  terms of a phenomenon c a l l e d  v i s c o u s  f i n g e r i n g :  i f  t h e  

v i s c o s i t y  of an i n j e c t e d  s o l u t i o n  is s i g n i f i c a n t l y  g r e a t e r  t h a n  

t h e  mobile  phase ,  t h e  mobile  phase w i l l  push through c r e a t i n g  

" f i n g e r s "  of sample r e s u l t i n g  i n  a d i s t o r t e d  peak. 

According t o  o u r  f i n d i n g s ,  t h e  r e l a t i v e  v i s c o s i t y  of 

i n j e c t e d  p e c t i n  s o l u t i o n  must be less t h a n  1 . 5  times t h e  

v i s c o s i t y  of t h e  mobile  phase  t o  o b t a i n  Q v a l u e s  which are 

independent  of  sample c o n c e n t r a t i o n  ( s e e  F i g u r e  2 ) .  These 

r e s u l t s  are i n  agreement w i t h  a p r e v i o u s  s t u d y  of modi f ied  

c e l l u l o s i c s  (11). In o r d e r  t o  a c h i e v e  a re la t ive  v i s c o s i t y  of  

<1 .5 ,  t h e  recommended p e c t i n  c o n c e n t r a t i o n  i s  <I mg/ml u s i n g  t h e  

a c e t a t e  mobile  phase. 

S e v e r a l  p o s s i b l e  methods of reducing  v i s c o s i t y  e f f e c t s  

i n c l u d e  o p e r a t i n g  a t  h igh  column t e m p e r a t u r e s  o r  matching t h e  

v i s c o s i t y  of  t h e  mobile  phase t o  t h e  s a m p l e ' s  v i s c o s i t y .  

However, f o r  0.1% p e c t i n  s o l u t i o n s ,  r e l a t i v e  v i s c o s i t i e s  was 

shown t o  be almost  independent  of tempera ture  from 0 t o  50" ( 2 4 ) .  

A l s o ,  a t  h igh  t e m p e r a t u r e s ,  t h e r e  i s  t h e  p o t e n t i a l  of d e c r e a s i n g  

column l i f e .  

I n c r e a s i n g  mobile  phase v i s c o s i t y  t o  match t h e  v i s c o s i t y  of 

t h e  sample w i l l  n o t  only r e s u l t  i n  a g r e a t e r  p r e s s u r e  drop  a c r o s s  

t h e  column, but  a l s o  column e f f i c i e n c y  w i l l  be d e c r e a s e d  because  

of poor mass- t ransfer  i n  t h e  mobile  phase.  Another approach t o  

avoid  o v e r l o a d i n g  e f f e c t s  i s  t o  i n j e c t  l a r g e r  volumes of more 

d i l u t e  s o l u t i o n s .  However, a s  p r e v i o u s l y  d i s c u s s e d  (111, column 

e f f i c i e n c y  is s a c r i f i e d  wi th  l a r g e r  i n j e c t i o n  volumes. 

2 .  Column S e l e c t i o n  
a 0 

For most p e c t i n  samples ,  w e  have found 100-500A o r  100-1000A 

column sets adequate .  A d d i t i o n a l  columns can be used i n  series 

i f  h i g h e r  r e s o l u t i o n  i s  r e q u i r e d .  Because of t h e  p r e s e n c e  of low 

molecular  weight m a t e r i a l  i n  some samples and t h e  o c c u r r e n c e  of 
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1492 BARTH 

a permeated peak of unknown o r i g i n  i n  t h i s  chromatographic  

system (11). w e  s u g g e s t  t h e  u s e  of a lOOi column t o  s e p a r a t e  t h e  

t o t a l l y  permeated peak from t h e  main polymer peak. 

C h a r a c t e r i s t i c s  of t h e s e  columns, which i n c l u d e  d e x t r a n  

c a l i b r a t i o n  c u r v e s ,  HETP v e r s u s  flow ra te  p l o t s ,  and t h e  

i n f l u e n c e  of i n j e c t i o n  volume on column e f f i c i e n c y ,  have 

p r e v i o u s l y  been p u b l i s h e d  (11). 

3 .  Column C a l i b r a t i o n  

Dextran can be used as a secondary  s t a n d a r d  t o  a s s i g n  

r e l a t i v e  MWD t o  p e c t i n  samples .  However, t h e s e  ass ignments  must 

be used on a r e l a t i v e  b a s i s  f o r  sample comparison. I n  t h e  p a s t ,  

w e  have been u s i n g  t h i s  GPC method t o  compare peak p r o f i l e s  

among samples. More r e c e n t l y ,  w e  have been u s i n g  a n  o n - l i n e ,  

low-angle laser l i g h t - s c a t t e r i n g  d e t e c t o r  f o r  t h e  measurement of  

a b s o l u t e  MWD ( 2 5 ) .  

4 .  S o l u t i o n  P r e p a r a t i o n  

Depending on t h e  sample,  i n s o l u b l e  p r o t o p e c t i n  ( 2 )  o r  

a g g r e g a t e s  ( 9 ,  2 6 ,  2 7 )  which c o n t r i b u t e  t o  t h e  s o l u t i o n ' s  h a z i -  

n e s s  could b e  p r e s e n t  i n  p e c t i n  s o l u t i o n s .  This  material  can b e  

removed by f i l t r a t i o n  ( s e e  Exper imenta l  s e c t i o n )  and u s u a l l y  does  

n o t  r e p r e s e n t  a s i g n i f i c a n t  p o r t i o n  o f  t h e  sample. I f  s i g n i f i -  

c a n t  amounts of i n s o l u b l e s  are p r e s e n t ,  t h e  danger  of concen- 

t r a t i o n  p o l a r i z a t i o n  o c c u r r i n g  on t h e  membrane ex is t s ,  and t h i s  

might l e a d  t o  u l t r a f i l t r a t i o n  of t h e  sample.  Thus,  t h e  f i l t r a t e  

would n o t  r e p r e s e n t  t h e  s o l u b l e  f r a c t i o n  of t h e  sample.  I f  

u l t r a f i l t r a t i o n  is  s u s p e c t e d ,  sample p r e - t r e a t m e n t  by 

c e n t r i f u g a t i o n  o r  use  of a l a r g e r  p o r e  f i l t e r  w i t h  a l a r g e  s u r f a c e  

a r e a s  can b e  t r i e d .  

A p p l i c a t i o n s  

F igure  3 shows composi te  chromatograms of high-methoxy and 
a 

low-methoxy samples  u s i n g  a 100-500A column set. Although t h e  

molecular  weights  (determined from v i s c o s i t y  measurements) of t h e  

high-methoxy p e c t i n s  were almost  t h e  same (Table  1). i t  can  be 
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H I G H - M E T H O X Y  P f C 7 I N S  

-__ - -  
_I_ 

L O W - M E T H O X Y  P E C T I N S  

L O T  S 

L O T  A 

--- 
- 

1 1 I 1 
8 6 4 

T I M E ,  M I N .  

2 G 

FIGURE 3 

GPC analysis of pectins. Column set: 100-500i SynChrom (4.1 mm 
I . D .  x 2 5  cm longer per column). Xobile phase: 0.7 p (Pi) pH 3 . 7  
acetate buffer. Sample size: 1 mg/ml. Flow rate: 0.5  ml/min. 
Injection volume: 20 pl. Detector: RI x 4  

clearly seen that HM-A has more high molecular weight material 
and less low molecular weight material than HM-B. The L3-B 

sample contains more high and low molecular weight material than 

L4-A; from viscosity measurements LM-B is of higher molecular 

weight. 

Figure 4 shows chromatograms of high-methoxy, low-methoxy, 

and amidated pectins using a 100-1000A column set. Differences 

between the HM and LM samples with this column set are in agree- 
ment with those obtained on the 100-5001 column set. 
amidated-B samples contains more high molecular weight material 

than sample amidated-A. This trend is i n  agreement with 
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H I G H - M E T H O X Y  PECTINS 

L O T  A - -- 

------a 

L O W - M E T H O X Y  P E C T I N S  

LOT 8 - - -  

i 
I I I 1 
3 6 4 ? 

T I M E .  ' I I H .  

FIGURE 11 

GPC a n a l y s i s  o f  p e c t i n s .  Column s e t :  1 0 0 - L O O O i  SynChrom. See 
Figure  3 f o r  o t h e r  c o n d i t i o n s .  

molecular  weight  measurements (Table  1 ) .  For  c l a r i t y ,  t h e  

t o c a l l y  permeated peaKs have b s e n  a m i t t e d  f rom t h e  C h r O n d t ( J q r  ? ~ - ~ s .  

CONCLUSIONS 

This  s t u d y  demonst ra tes  t h a t  h igh  performance GPC can be 

s u c c e s s f u l l y  used t o  compare t h e  molecular  weight  d i s t r i b u t i o n s  

of high-methoxv, low-methoxy, and amidated p e c t i n s .  By us ing  

h y d r o p h i l i c a l l v  modif ied s i l i c a  p a r t i c l e s  a s  t h e  GPC packing 

(SynChropak) and a h igh  i o n i c  s t r e n g t h  b u f f e r  ( 0 . 7  H, pH 3 . 7 ) ,  

a n a l y s e s  were r e p r o d u c i b l e  and no ev idence  of non-size e x c l u s i o n  

mechanisms w a s  observed.  
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To p r e v e n t  c h r o m a t o g r a p h i c  o v e r l o a d i n g  e f f e c t s ,  t h e  

re la t ive  v i s c o s i t i e s  o f  i n j e c t e d  s o l u t i o n s  must  b e  be low 1 . 5 .  

Because  of t h e  h i g h  v i s c o s i t y  of p e c t i n s ,  low c o n c e n t r a t i o n s  must  

be  u s e d  (1 mg/ml) .  
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