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INTERACTIONS OF STARCH AND OTHER POLYSACCHARIDES WITH 
CONDENSED TANNINS I N  HOT WATER EXTRACTS OF PONDEROSA P I N E  BARK 

M.D. Rahman and G.N. Richardsa 
Wood Chemistry Labora tory  

U n i v e r s i t y  o f  Montana 
Missoula, Montana 59812 USA 

ABSTRACT 

Hot water e x t r a c t i o n  o f  Ponderosa p i n e  ba rk  y i e l d s  condensed 
tann ins  (po lymer ic  p rocyan id ins ,  PPC's) and s ta rch .  P r e c i p i t a t i o n  
o f  t h e  PPC's as t h e  l e a d  complex c o p r e c i p i t a t e s  t h e  s t a r c h ,  
a l t h o u g h  t h e  l a t t e r  does n o t  i t s e l f  f o rm an  i n s o l u b l e  l ead  
complex. Ethylene diamine t e t r a a c e t i c  a c i d  (EDTA) t rea tmen t  o f  
t h e  l ead  complex removes lead  and y i e l d s  PPC and s t a r c h  which 
c o p r e c i p i t a t e  w i t h  e thano l  f rom water as a starch-PPC complex, 
a1 though t h e  PPC i t s e l f  i s  f u l l y  e thano l  so lub le .  Chromatography 
o f  t h e  starch-PPC complex w i t h  water on severa l  po l ysacchar ide  
media leads t o  e l u t i o n  o f  t h e  s t a r c h  and s o r p t i o n  o f  t h e  PPC. 
S i m i l a r  i n t e r a c t i o n s  o f  PPC and po lysacchar ides  may be respons ib le  
f o r  v i s c o s i t y  problems i n  uses o f  condensed tann ins  as tans  and as 
adhesives. Such i n t e r a c t i o n s  p r o b a b l y  o c c u r  i n  many p l a n t  
ma te r i  a1 s. 

INTRODUCTION 

The e x t r a c t s  o f  bark,  e s p e c i a l l y  w i t h  h o t  water,  have many 

a c t u a l  and p roposed  commerci a1 uses .  Proposed uses i n c l u d e  

an t i ox idan ts ,  pigments, c l a y  d ispersants ,  g r o u t i n g  agents. ion-  

exchange r e s i n s  and a d d i t i v e s  f o r  b o i l e r  waters and d r i l l i n g  muds. 

The most p romis ing  f u t u r e  uses a t  p resent  a re  i n  wood adhesives' 

aAddress f o r  correspondence. 
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112 RAHMAN AND RICHARDS 

and t h e  major e x i s t i n g  use i s  as l e a t h e r  tans  ( tann ins )z  e x t r a c t e d  

most ly  f rom barks o f  acac ia  ( w a t t l e ) ,  o r  oak species. The former 

species y i e l d  predominant ly condensed tann ins  and t h e  l a t t e r  y i e l d  

ga l l o tann ins .  I t  has long  been known t h a t  condensed tann ins  can 

be e x t r a c t e d  from softwood  bark^^-^ and t h e  chemis t ry  o f  these 

tann ins  i s  s t i l l  under a c t i v e  study. T h e i r  recen t  chemis t ry  has 

been reviewed6 and they  a re  now known t o  c o n s i s t  o f  o l i gomer i c  and 

polymeric p roanthocyan id ins  which are  po lyd isperse .  t y p i c a l l y  w i t h  

c h a i n s  o f  up t o  t w e n t y  f l a v o n o i d  u n i t s .  The produc ts  f rom 

softwood barks are  g e n e r a l l y  po lymer ic  p rocyan id ins  ( P P C ' S ) ~ ' ~  and 

t h e  mechanisms o f  t h e i r  b e h a v i o r  under ac id9  and a l k a l i n e 1 0  

cond i t i ons  a r e  becoming we1 1 understood. Some o f  t h e  carbohydra te  

which i s  f r e q u e n t l y  assoc ia ted  with t h e  PPC's has r e c e n t l y  been 

shown t o  be present  as B-glucopyranoside groups, p o s s i b l y  a t tached 

t o  pheno l i c  hydroxyls.11 

I n  the  use o f  condensed tann ins  as adhesives o r  as tans, 

excessive v i s c o s i t y  i s  f r e q u e n t l y  a problem and may l i m i t  t h e i r  

commercial use. T h i s  has been a p a r t i c u l a r  problem w i t h  tann ins  

f r o m  some softwood barks.12 The v i s c o s i t y  can be reduced by  

removal o f  methanol i n s o l u b l e s  o r  by u l t r a f i l t r a t i o n 1 2  and i t  i s  

g e n e r a l l y  assumed t h a t  carbohydrate contaminat ion  i s  d e t r i m e n t a l  
13.14 t o  a d h e s i v e  and  t a n n i n g  uses  o f  condensed t a n n i n s .  

Presumably a major e f f e c t  o f  carbohydrate contaminat ion  o f  t a n n i n  

e x t r a c t s  when t h e  carbohydrate c o n s i s t s  o f  po lysacchar ides  w i l l  be 

t o  inc rease v i s c o s i t y  and t h i s  e f f e c t  would almost c e r t a i n l y  be 

a m p l i f i e d  b y  a n y  a s s o c i a t i o n  ( b i n d i n g )  be tween PPC and 

p o l y s a c c h a r i d e s .  T h e r e  h a s  b e e n  l i t t l e  r e c e n t  w o r k  o n  

polysacchar ides o f  barks, b u t  e a r l i e r  work revea led  t h a t ,  a p a r t  

f rom normal c e l l  w a l l  polysacchar ides, p e c t i n s  and s t a r c h  a r e  

abundant, e s p e c i a l l y  i n  t h e  phloem15 and s t a r c h  metabolism i n  ba rk  

has r e c e n t l y  been studied.16 

The PPC's o f  course i n t e r a c t  (b ind )  s t r o n g l y  w i t h  p r o t e i n  

( t h e  bas i s  o f  t h e  tann ing  process). However t h e i r  b i n d i n g  t o  
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HOT WATER EXTRACTS O F  PONDEROSA PINE BARK 113 

p o l y s a c c h a r i  des, a l t h o u g h  f r e q u e n t l y  mentioned, has no t  been 

e x t e n s i v e l y  s t u d i e d  i n  t h e  p a s t .  The i n t e r a c t i o n s  and pH 

dependence evidenced by chromatography o f  var ious types o f  tannins 
on c e l l u l o s e  have  been  s t u d i e d 1 7  and v e r y  r e c e n t l y  t h e  

i n t e r a c t i o n s  o f  PPC's w i t h  wood c e l l  w a l l s  has been discussed18 

w i t h  emphasis on i n t e r a c t i o n  w i t h  hemicel lu loses. Haslam and 

coworkerslg have a l so  r e c e n t l y  commenced a study o f  i n t e r a c t i o n s  
o f  g a l  l o tann ins  w i t h  p ro te ins  and polysaccharides.20 

EXPERIMENTAL 

B& 

A h e a l t h y ,  12 m, 25 cm base diameter, 49 y r  t r e e  (Pinus 
ponderosa) growing i n  the  Lubrecht Forest  o f  t h e  U n i v e r s i t y  o f  
Montana was f e l l e d  i n  June and the bark immediately s t r i p p e d  a t  

cambium l e v e l  from the  lower 1.2 m o f  bole. The bark was returned 

t o  t h e  l abo ra to ry  i n  sealed black p l a s t i c  bags and the  cream- 
co lored i nne r  bark (ca. 2 mm t h i c k )  immediately s t r i pped  manually 
f rom the  ou te r  bark (10-30 mm th i ck ) .  The separat ion was 50-70% 

complete, w i t h  the  i nne r  bark being completely f r e e  from outer  

bark. Both bark samples were a i r - d r i e d  f o r  3 days i n  t h e  dark: 

y i e l d  249 g i nne r  and 2297 g outer.  Both samples were Wi ley 

m i l l e d  through a 2 mm screen and s to red  i n  sealed p l a s t i c  bags a t  

-20 O . 
E x t r a c t i o n  o f  Bark 

A sample o f  t he  i nne r  bark (22.90 g) was ex t rac ted  i n  a 
Soxhlet  w i t h  acetone and d r i e d  (18.17 g). The ex t rac ted  bark was 
added t o  water (250 m l ) ,  degassed i n  vacuum and f lushed w i t h  argon 

several  t imes and then b o i l e d  under r e f l u x  f o r  30 min i n  t h e  dark, 
The m ix tu re  was cooled, cen t r i f uged  (2,000 x g, 20 min) and t h e  
p e l l e t  f u t h e r  ext racted w i t h  water (120 m l ,  90 min b o i l i n g )  as 
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114 RAHMAN AND RICHARDS 

above, f i n a l l y  c e n t r i f u g i n g  and washing the  p e l l e t  w i t h  water a t  
room temperature. The f i r s t  e x t r a c t  (115 m l )  was t rea ted  w i t h  5% 
lead acetate s o l u t i o n  (100 m l ) ,  kept a t  2" i n  the  dark f o r  2 days, 
the p r e c i p i t a t e d  lead complex i s o l a t e d  by cen t r i f ug ing ,  washed 
w i t h  water  and f i n a l l y  free2e-dried t o  a cream-colored powder 
(1.41 9). The second e x t r a c t  and washings s i m i l a r l y  y i e l d e d  a 

f u r t h e r  0.74 g corresponding t o  a t o t a l  y i e l d  o f  9.4% o f  l ead  
complex from the bark. 

The same treatment o f  t h e  outer  bark y ie lded  13% acetone 
solubles and 6.1% o f  water solubles p r e c i p i t a t e d  by lead acetate 
(0.05% T r i t o n  X-405 was added t o  the  water t o  f a c i l i t a t e  "wett ing" 

o f  t he  bark). 

Removal o f  Lead from Lead Complex 

The lead complex from t h e  i nne r  bark (1.00 9) was wetted with 

ethanol (0.1 m l )  and then u l t rason ica ted  w i t h  0.1 M disodium EDTA 

(50 m l )  f o r  20 min a t  room temperature be fo re  d i a l y z i n g  against  

0.05 M disodium EDTA (2 1, 1 day) fo l lowed by water ( 3  x 4 1, 1 
day each). A l l  d i a l yses  were c a r r i e d  o u t  a t  2" i n  the  dark under 

argon i n  Spectrapor 4 tub ing  (MWCO 12,000-14,000). The f i n a l  

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

p r e c i p i t a t e d  s ta rch  and freeze-dried t o  a cream colored sponge 
(0.23 g) (PPC-starch complex, A). 

Attempted F rac t i ona l  P r e c i p i t a t i o n  o f  PPC-Starch Complex 

The complex (A, 0.25 g) d i sso l ved  i n  water (25 m l )  t o  form an 
opalescent s o l u t i o n  which gave no p e l l e t  when cen t r i f uged  (2,000 x 

g, 20 min). The s o l u t i o n  c leared when heated i n  a bo i l ing-water  
bath f o r  10 min, b u t  became opaque again on cool ing.  Ethanol was 
added w i t h  s t i r r i n g  a t  room t e m p e r a t u r e  u n t i l  a p r e c i p i t a t e  
formed, which was removed by c e n t r i f u g a t i o n  and more ethanol  
added. P e l l e t s  from c e n t r i f u g a t i o n  were d i s s o l v e d  i n  w a t e r ,  
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HOT WATER EXTRACTS OF PONDEROSA PINE BARK 11 5 

TABLE 1 

F r a c t i o n a t i o n  o f  PPC-Starch Complex by P r e c i p i t a t i o n  w i t h  Ethanol  
f rom Water. 

F r a c t i o n  

I a  

I b  

I 1  

I11 

Ethanol 
Content 
sv/v. XI 

0 

28.5 

37.5 
44.4 
62.5 

75.0 
78.0 

(supernatant 
evaporated 
t o  dryness) 

Anhvdro-G1 ucose 
P r e c i p i t a t e  Content o f  

( %) P r e c i p i t a t e  (%) 

0 

36 76 

9 
t r a c e  
t r a c e  

28 
0 

79 

40 

21 7 
(+ 1% arab inose)  

c o n c e n t r a t e d  t o  remove ethanol  and f reeze-dr ied .  Resu l t s  a re  

shown i n  Table 1. 

Carbohydrate An a 1 y ses 

Apparen t  g l u c o s e  c o n t e n t s  were measured by t h e  p h e n o l  
s u l f u r i c  a c i d  methodz1 by re fe rence  t o  a glucose standard. When a 

s i g n i f i c a n t  "normal" b lank  read ing  was ob ta ined (due t o  PPC) a 
pheno l  - f r e e  b l  an k was used. A c c u r a t e  g lycose con ten ts  were 
determined by a d d i t i o n  o f  i n o s i t o l  as  i n t e r n a l  s t a n d a r d  and 
h y d r o l y s i s  i n  2 M t r i f l u o r o a c e t i c  a c i d  (120°, 1.5 h r )  f o l l o w e d  by 

borohydr ide  reduc t ion ,  a c e t y l a t i o n  and gas chromatography, 22 w i t h  
c o r r e c t i o n  f o r  losses  determined w i t h  a u t h e n t i c  g lycose samples. 
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116 RAHMAN AND RICHARDS 

Gel Column Chromatography 

General ly,  columns o f  25 cm x 2.5 cm diameter were used wi th  
water e l u t i o n  a t  ca. 0.5 ml/min. B lue  dex t ran  (Pharmacia) was 

used t o  determine Vo and f r a c t i o n s  were assayed by phenol s u l f u r i c  

acid21 and by o p t i c a l  d e n s i t y  a t  280 nm. Resu l t s  a re  descr ibed i n  

t h e  d i scuss ion  sec t ion .  

RESULTS AND DISCUSSION 

The h o t  water e x t r a c t i o n  o f  t h e  ba rk  was c a r r i e d  ou t  i n  t h e  

dark  and i n  absence o f  oxygen t o  min imize  o x i d a t i v e  degradat ion  o f  

f lavono ids .  Barks, e s p e c i a l l y  t h e  phloem, n o r m a l l y  c o n t a i n  

s i g n i f i c a n t  amounts o f  starch. l5 It was a n t i c i p a t e d  t h a t  some 

s t a r c h  w o u l d  b e  e x t r a c t e d  b y  t h e  b o i l i n g  w a t e r  a n d  t h e  

p r e c i p i t a t i o n  o f  t h e  polyphenol  components as l ead  complexes was 

intended t o  separate them from t h i s  s ta rch .  The i n n e r  bark  gave a 

h ighe r  y i e l d  o f  l e a d  complex (9.4%) t h a n  t h e  o u t e r  b a r k  (6.1%) and 

t h e  former was t h e r e f o r e  used i n  f u r t h e r  s tud ies .  

The lead  complex was d i sso l ved  i n  and d i a l y z e d  a g a i n s t  EDTA 

fo l l owed  b y  w a t e r .  T h i s  p r o c e s s  removed l e a d  and any  l o w  

molecu la r  weight m a t e r i a l .  The r e s u l t a n t  po lymer ic  p roduc t  gave 

s t rong  responses t o  bo th  bu tano l -hyd roch lo r i c  acid2' f o r  PPC and 

pheno l  - s u l f u r i c  acid2' f o r  carbohydrate,  Since t h e  PPC's a re  

so lub le  i n  ethanol  as w e l l  as water, whereas po lysacchar ides  a r e  

i n s o l u b l e  i n  e thano l ,  an ethanol-water f r a c t i o n a l  p r e c i p i t a t i o n  

was attempted. Table 1 shows t h a t  t h e  p roduc t  separated c l e a r l y  

i n t o  t h r e e  f r a c t i o n s :  ( I )  a t  28.5-37.52 e thano l ,  (11) a t  75% 

ethanol  and (111) n o t  p r e c i p i t a t e d  up t o  78% ethanol .  F r a c t i o n  

( I )  y i e l d e d  79% glucose on a c i d  hyd ro l ys i s ,  a s o l u t i o n  gave a 

s t rong  b lue  c o l o r a t i o n  w i t h  i od ine ,  b u t  no s i g n i f i c a n t  c o l o r  w i th  
bu tano l /hyd roch lo r i c  a c i d  and i t  was assumed t o  be s ta rch .  It had 

a s i g n i f i c a n t  ash con ten t  (8.0%), which was apparen t l y  due t o  

r e s i d u a l  l ead  s a l t s  and accounted f o r  t h e  low glucose conten t .  
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HOT WATER EXTRACTS OF PONDEROSA PINE BARK 117 

F r a c t i o n  (11) conta ined 40% glucose a f t e r  a c i d  h y d r o l y s i s  and gave 

a s t rong  bu tano l /hyd roch lo r i c  a c i d  r e a c t i o n  due t o  fo rma t ion  o f  

c y a n i d i n  ( c e l l u l o s e  TLC i d e n t i f i ~ a t i o n ~ ~ ) .  T h i s  f r a c t i o n  

e v i d e n t l y  conta ined bo th  po lymer ic  p rocyan id in  (PPC) and g lucan 

and was f u r t h e r  i nves t i ga ted .  F r a c t i o n  (111) conta ined 7% g lucose 

and 1% arabinose a f t e r  a c i d  hyd ro l ys i s ,  y i e l d e d  c y a n i d i n  w i t h  

bu tano l /hyd roch lo r i c  a c i d  and i s  assumed t o  c o n s i s t  o f  po lymer ic  

PC g lycos ides .  11 

Gel Chromatogramph o f  F r a c t i o n  I 1  

Chromatography on c e l l u l o s e  was c a r r i e d  o u t  w i t h  Whatman C F l l  
f i b r o u s  ce l l u lose .  A pure carbohydra te  peak  ( s t r o n g  pheno l  - 
s u l f u r i c  a c i d  response,  no U V  o r  b u t a n o l  / h y d r o c h l o r i c  a c i d  

r e a c t i o n )  e l u t e d  a t  Vo (120 m l ) .  A f t e r  e l u t i o n  o f  t h e  

carbohydrate peak was complete t h e  e l u e n t  r e t a i n e d  a smal l  b u t  

s i g n i f i c a n t  UV absorbance beyond V, 400 m l .  Combined phenol- 

s u l f u r i c  a c i d  analyses o f  t h e  water -e lu ted  peak i n d i c a t e d  presence 

o f  69% o f  t h e  m a t e r i a l  added t o  t h e  column, c a l c u l a t e d  as glucose, 

and t h e  s o l u t i o n  gave a s t rong  b lue  c o l o r  w i t h  i od ine .  I t  was 

concluded t h a t  f r a c t i o n  I 1  conta ined 69% s t a r c h  which comp le te l y  

e l u t e d  th rough the  c e l l u l o s e  column w h i l e  t h e  o t h e r  component of 

I 1  (PPC) was sorbed by t h e  c e l l u l o s e .  Chromatography on Pharmacia 

Sepharose CL-2B gave s i m i l a r  r e s u l t s ,  w i t h  a p u r e l y  carbohydra te  

peak e l u t e d  a t  about V o  and t h e  UV absorbing m a t e r i a l  sorbed t o  

t h e  column. 

When f r a c t i o n  I 1  (102 mg) was added t o  a column o f  Sephadex 

G100 t h e  s t a r c h  e l u t e d  a t  about Vo (45 m l ,  55 mg) and a smal l  UV 

absorbing peak (xmax 270 nm) f o l l o w e d  a t  180 m l .  The l a t t e r  

absorbance corresponded t o  t h e  e q u i v a l e n t  o f  5 mg c a t e c h i n  and 

gave a p o s i t i v e  pheno l  - s u l f u r i c  a c i d  t e s t  f o r  carbohydrate.  

Fu r the r  e l u t i o n  w i t h  1 M urea s o l u t i o n  (200 m l )  y i e l d e d  a broad 

"plateau" showing low l e v e l  UV absorbance cor respond ing  t o  t h e  

e q u i v a l e n t  o f  6 mg ca tech in  equ iva len t ,  w i t h  a lower l e v e l  of 
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carbohydrate. Subsequent e l u t i o n  w i t h  8 M urea s o l u t i o n  (200 m l )  

y i e l d e d  more UV absorbing m a t e r i a l  cor respond ing  t o  t h e  e q u i v a l e n t  

o f  5 mg ca tech in  wi th a lower l e v e l  o f  carbohydrate.  It was 

concluded t h a t  t h e  PPC was o n l y  ve ry  s l o w l y  desorbed f rom t h e  
c ross- l inked dex t ran  by concent ra ted  urea s o l u t i o n .  

Chromatography o f  F r a c t i o n  I1 on Pharmacia Sephadex LH60 gave 

complete recovery  o f  s t a r c h  by e l u t i o n  w i t h  water and t h e  sorbed 

PPC was then e l u t e d  w i t h  e thano l .  The PPC's p u r i f i e d  i n  t h i s  way 
w i l l  be t h e  sub jec t  o f  f u r t h e r  i n v e s t i g a t i o n s .  

I t  i s  no tab le  t h a t  i n  e a r l i e r  work on PPC's f rom L o b l o l l y  
p i n e  ba rk ,24  a w a t e r - s o l u b l e  PPC ( t a n n i n  B) was p u r i f i e d  by 

e l u t i o n  w i th  water f rom a c e l l u l o s e  column, i .e.  was n o t  s t r o n g l y  

sorbed on t h e  c e l l u l o s e ,  w h i l e  a h i g h  molecu la r  we igh t  analogue 

( t a n n i n  C)  sorbed s t r o n g l y  t o  t h e  c e l l u l o s e  and r e q u i r e d  e l u t i o n  

w i t h  acetone-water. I n  t h e  same s tudy  a lower mo lecu la r  weight 

e t h y l  ace ta te  s o l u b l e  PPC ( t a n n i n  A )  was r e s i s t a n t  t o  e l u t i o n  w i t h  

water from Sephadex LH60. I t  i s  p o s s i b l e  t h a t  t h e  s t r e n g t h  o f  

b ind ing  o f  t h e  PPC's t o  po lysacchar ides  i s  dependent on severa l  

f a c t o r s ,  such  as mo lecu la r  weight, s te reochemis t ry ,  e x t e n t  o f  
t h e i r  s u b s t i t u t i o n  wi th g lucos ide  groups. I n  our work t h e  PPC 
c o n t a i n e d  8% c a r b o h y d r a t e  and s t r o n g l y  s o r b e d  t o  a l l  
po lysacchar i  des i n v e s t i g a t e d  , wh i 1 e t a n n  i n  B c o n t a i n e d  2.4% 
" r e d u c i n g  sugars  ( g l u c o s e ) "  and d i d  n o t  s o r b  s t r o n g l y  t o  
c e l l u l o s e .  These e f f e c t s  w i l l  be f u r t h e r  i nves t i ga ted .  

CONCLUSIONS 

Both s ta rches  and PPC's a re  e x t r a c t e d  from Ponderosa p i n e  

bark w i t h  h o t  water. Some o f  t h e  s t a r c h  c o p r e c i p i t a t e s  w i t h  t h e  

l ead  complex o f  PPC a l though s t a r c h  i t s e l f  w i l l  n o t  p r e c i p i t a t e  
w i t h  l e a d  a c e t a t e .  The starch-PPC complex p r e c i p i t a t e s  w i th  
e t h a n o l  f r o m  w a t e r  a l t h o u g h  t h e  PPC's t h e m s e l v e s  d o  n o t  
p r e c i p i t a t e ,  When t h e  starch-PPC complex i s  chromatographed on 

c e l l u l o s e ,  Sepharose o r  Sephadex t h e  s t a r c h  i s  comple te ly  e l u t e d  
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by water, b u t  t h e  PPC i s  s t r o n g l y  sorbed t o  t h e  po lysacchar ide  g e l  
and o n l y  p a r t l y  and s l o w l y  removed by e l u t i o n  w i th  concent ra ted  

urea  so lu t i ons .  I t  i s  ve ry  p robab le  t h a t  s t r o n g  complexes o f  
PPC's form w i t h  po lysacchar ides  such as s ta rch ,  c e l l u l o s e  and 

hemice l l u loses  i n  t h e  p l a n t .  
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