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STRUCTURAL CHARACTERISTICS OF COMPOUND 
MIDDLE LAMELLA L I G N I N  

Gyosuke Meshitsuka and Junzo Nakano 
Department of  F o r e s t  P r o d u c t s ,  F a c u l t y  of  A g r i c u l t u r e ,  
U n i v e r s i t y  of Tokyo, Bunkyo-ku, Tokyo, Japan 1 1 3  

ABSTRACT 

One of  t h e  most i m p o r t a n t  t a r g e t s  of c u r r e n t  l i g n i n  
chemis t ry  i s  t o  v i s u a l i z e  t h e  inhomogenei t ies  of l i g n i n  
i n  t h e  wood c e l l  w a l l .  The s o f t  xylem f r a c t i o n  was 
s e p a r a t e d  from b i r c h  wood a t  t h e  end of May, 1983.  C e l l  
w a l l s  o f  t h e  s o f t  xylem f r a c t i o n  were ex t remely  t h i n  and 
w e r e  mainly composed of compound middle  l a m e l l a .  
Degradat ion p r o d u c t s  from t h e  s o f t  xylem by a l k a l i n e  
n i t r o b e n z e n e  o x i d a t i o n  and permanganate o x i d a t i o n  s t r o n g l y  
i n d i c a t e d  t h a t  compound middle  l a m e l l a  l i g n i n  i n  hardwood 
must be r i c h  i n  g u a i a c y l  u n i t s  and h i g h l y  condensed. 

INTRODUCTION 

It i s  g e n e r a l l y  b e l i e v e d  t h a t  s t r u c t u r e s  of  l i g n i n  
are n o t  homogeneous i n  t h e  cel l  w a l l .  For example, Goring 
e t  a l f  measured t h e  UV s p e c t r a  of  u l t r a - t h i n  t r a n s v e r s e  
s e c t i o n s  of  b i r c h  wood and de termined  t h e  l i g n i n  c o n t e n t  
and t h e  r a t i o  between g u a i a c y l  and s y r i n g y l  u n i t s  i n  t h e  
l i g n i n .  T h i s  i n f o r m a t i o n  o b t a i n e d  by W-microscopic  
a n a l y s i s  w a s  v e r y  u s e f u l  t o  i n d i c a t e  t h e  s t r u c t u r a l  inhomo- 
g e n e i t y  of l i g n i n  i n  t h e  ce l l  w a l l .  

t h e  chemical  s t r u c t u r e s  o f  l i g n i n s  i n  t h e  d i f f e r e n t  
morphological  r e g i o n s ,  it is ext remely  impor tan t  t o  sepa-  
ra te  c e l l  wall f r a c t i o n s  such as vessel, secondary w a l l  

However, i n  o r d e r  t o  have d e f i n i t e  in format ion  about  
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392 KESHITSUKA AND NAKANO 

and compound middle l ame l l a  of wood f i b e r .  
The au tho r s2  have developed a method f o r  t h e  sepa- 

r a t i o n  of a l i g n i n  r i c h  f i lm- l ike  subs tance  from high 
y i e l d  pulp.  This  method b a s i c a l l y  depends on f r ac t ion -  
a t i o n  of pu lp  by a combination of s i e v i n g  and g r a v i t a -  
t i o n a l  sed imenta t ion .  Because of  t h e  high l i g n i n  conten t  
(43.8%), t h i s  subs tance  is  a t t r i b u t e d  t o  compound middle 
l ame l l a  s epa ra t ed  from t h e  f i b e r  s u r f a c e  by mechanical 
d e f i b r a t i o n .  

Harde l l  e t  a l s o  have f r a c t i o n a t e d  wood powder 
and high y i e l d  pulp i n t o  wood f i b e r ,  ray c e l l  and f i n e  
f r a c t i o n s  by a s i m i l a r  method, and a t t r i b u t e d  t h e  f i n e  
f r a c t i o n  t o  compound middle lamel la .  

I t  i s  very  i n t e r e s t i n g  t o  no te  t h a t  l i g n i n  i n  both 
of t h e  c e l l  w a l l  f r a c t i o n s  a t t r i b u t e d  t o  compound middle 
l ame l l a  were shown t o  be qua iacy l  r i c h  by a l k a l i n e  n i t r o -  
benzene ox ida t ion .  However, it is  s t i l l  n o t  c l e a r  whether 
t h e s e  f r a c t i o n s  r e a l l y  r ep resen t  compound middle lamel la  
because of t h e i r  extremely low y i e l d s .  

I n  a d d i t i o n ,  Goring e t  a1? l6  have a l s o  developed a 
new method f o r  t h e  sepa ra t ion  of cel l  wa l l  f r a c t i o n s  by 

c e n t r i f u g a l  sedimentat ion.  But a s  f a r  as w e  know, it has 
no t  been app l i ed  t o  hardwoods. 

I n  t h e  e a r l i e r  paper: t h e  au tho r s  d i scussed  t h e  o r i g i n  
of Bj6rkman's m i l l e d  wood l i g n i n  (MWL) and concluded t h a t  
t h e  compound middle lamella l i g n i n  i s  p r e f e r e n t i a l l y  ex- 
t r a c t e d  from hardwood meals a s  MWL a t  t h e  i n i t i a l  s t a g e  of 
v i b r a t o r y  b a l l  mi l l i ng .  So, MWL might provide some i n f o r -  
mation about t h e  chemical na tu re  of compound middle lamel la  
l i g n i n .  However, MWL i s ,  i n  any case, a mixture  of l i g n i n  
f r a c t i o n s  from every  morphological reg ion  of t h e  ce l l  w a l l .  

o f  t h e  compound middle l ame l l a ,  t h e  a u t h o r s ,  i n  t h i s  paper ,  

t r i e d  t o  c h a r a c t e r i z e  the s o f t  xylem l i g n i n .  The b a s i c  
i d e a  of  t h i s  s tudy  is  a s  fol lows.  L i g n i f i c a t i o n  of 
hardwood c e l l  w a l l  i n i t i a t e s  a t  t h e  ce l l  co rne r  and 

I n  o rde r  t o  have direct informat ion  about t h e  na tu re  
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MIDDLE LAMELLA LIGNIN 39 3 

compound middle  lamella r e g i o n s .  T h e r e f o r e ,  i f  w e  can 
look a t  t h e  l i g n i n  i n  t h e  f r e s h l y  l i g n i f i e d  s o f t  x y l e m ,  
it w i l l  g i v e  us  a clear idea of  t h e  chemica l  n a t u r e  o f  
compound middle  lamella l i g n i n .  

EXPERIMENTAL 

S e p a r a t i o n  of  S o f t  Xylem from Birch  Wood 
A 1 2  y e a r  o l d  b i r c h  wood ( B e t u l a  m a x i m a r i c z i i  

Regel)  w a s  f e l l e d  a t  t h e  end of May, 1983 a t  t h e  Univ. 
F o r e s t ,  Chichibu ,  Japan.  A f t e r  p e e l i n g  o f f  t h e  o u t e r  
and i n n e r  b a r k s ,  t h e  s o f t  xylem was c a r e f u l l y  c o l l e c t e d  
by s c r a t c h i n g  t h e  s u r f a c e  w i t h  a d u l l  b l a d e .  This  i s  

8 b a s i c a l l y  a c c o r d i n g  t o  t h e  t e c h n i q u e s  r e p o r t e d  p r e v i o u s l y .  
S o f t  xylem w a s  k e p t  i n  e t h a n o l  and h e a t e d  t o  7OoC f o r  
1 0  min t o  d e a c t i v a t e  t h e  enzymes which might  be p r e s e n t  
i n  t h e  s o f t  xylem. Then, it was s e q u e n t i a l l y  e x t r a c t e d  
w i t h  ethanol-benzene ( 1 : 2 )  , acetone-water  (1:l) and 
methanol  t o  comple te ly  remove t h e  e x t r a c t i v e s .  From 77kg 
of b i r c h  wood ( d r y  weight  43kg1, about  59 of  e x t r a c t i v e  
-free s o f t  xylem w a s  o b t a i n e d .  
D e p r o t e i n i z a t i o n  of  S o f t  Xylem 

Ni t rogen  c o n t e n t  of  t h e  e x t r a c t i v e - f r e e  s o f t  xylem 
w a s  2 . 2 %  which i n d i c a t e s  t h a t  p r o t e i n  c o n t e n t  i n  t h i s  
sample should  be h i g h e r  t h a n  13%? For  t h e  f u r t h e r  ana ly-  
sis of  t h e  s o f t  xylem f r a c t i o n ,  it seemed t o  be e s s e n t i a l  
t o  remove p r o t e i n  w i t h o u t  any chemical  change of  l i g n i n .  
F o r  t h i s  purpose ,  t h e  so f t  xylem f r a c t i o n  w a s  t r e a t e d  
t h r e e  times w i t h  peps in  ( D i a g n o s t i c  System I n c . ,  36OOu/mg) 

under  t h e  f o l l o w i n g  c o n d i t i o n s  : ( s o f t  xylem f r a c t i o n  
2 . 5 9  + p e p s i n  0.59) / l O O m l  0-1N-HC1, 3921 OC, 24hr,  
w i t h  shaking .  A f t e r  e v e r y  peps in  t r e a t m e n t ,  n i t r o g e n  
c o n t e n t  of  t h e  s o f t  xylem w a s  de te rmined .  It w a s  
found t h a t  a f t e r  t h r e e  s e q u e n t i a l  t r e a t m e n t s  of  p e p s i n ,  
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394 MESHITSUKA AND NAKANO 

n i t rogen  con ten t  decreased  t o  0 .66%.  Although t h e  
n i t rogen  con ten t  was s t i l l  n o t  n e g l i g i b l e ,  it seemed t o  
be low enough t o  proceed wi th  f u r t h e r  a n a l y s i s .  

Concerning possible a c i d  c a t a l y z e d  c o n d e n s a t i o n  o f  

l i g n i n  dur ing  peps in  t r ea tmen t ,  it was confirmed i n  t h e  
pre l iminary  experiment t o  n o t  be s i g n i f i c a n t  based on 
t h e  a l k a l i n e  n i t robenzene  ox ida t ion  of s o f t  xylem before  
and a f t e r  t h e  pepsin t r ea tmen t .  
Alka l ine  Nitrobenzene Oxidat ion 

A 40mg sample w a s  s e a l e d  i n  a l O m 1  volume s t a i n -  
less s tee l  au toc lave  wi th  4 m l  2N-NaOH and 0 . 2 4 m l  n i t r o -  
benzene and hea ted  a t  1 6 0  OC f o r  2 h r .  The mixture w a s  
t r e a t e d  according t o  t h e  procedure r epor t ed  p rev ious ly ,  
and t h e  aromatic  a ldehydes formed by t h e  r e a c t i o n  were 
determined by G.L.C. a s  t r i m e t h y l s i l y l  e t h e r s .  The 
cond i t ions  fo r  G.L.C.  w e r e  a s  fol lows.  Column; OV-1, 
column temperature;  1 8 0  OC, c a r r i e r  gas ;  H e  15ml/min, 
H2; 0 . 8  atm, a i r ;  lL/min, d e t e c t o r ;  F I D ,  i n t e r n a l  s tand-  
ard; acetoguaiacone.  
Potassium Permanganate Oxidat ion 

10 

A 400mg sample and 2 0 m l  o f  k r a f t  cooking l i q u o r  
(NaOH 3.5g + Na2S-9H20 3. lg/  100ml) w e r e  s e a l e d  i n  a 

50ml volume s t a i n l e s s  steel au toc lave  a f t e r  bubbl ing N2 
gas  f o r  1 min and hea ted  f o r  2hr a t  1 7 0  OC. The mixture  
was a c i d i f i e d  and s a t u r a t e d  wi th  NaCl  and then e x t r a c t e d  
with acetone-chloroform ( 2 : l ) .  The extract  was evapo- 
r a t e d  t o  dryness  and methylated wi th  (CH3l2SO4. 

Potassium pennanganate ox ida t ion  of the methylated 
sample w a s  performed by t h e  procedure r epor t ed  previous ly ,  
and t h e  aromatic  a c i d s  formed by t h e  r e a c t i o n  w e r e  deter- 
mined by G.L.C.  and GC-MS (JEOL DX-300) as methyl esters. 
G.L.C.  cond i t ions  w e r e  as fol lows.  Column; SP 2 1 0 0 ,  
Column temperature:  100-240  "C, 4OC/min, carr ier  gas ;  
22.5ml/min, H 2 ;  0 .8  a t m ,  a i r ;  lL/min, d e t e c t o r ;  FID,  

i n t e r n a l  s t anda rd ;  p y r o m e l l i t i c  a c i d  methyl ester. 
Sugar Analysis  

lyzed by t h e  a l d i t o l  acetate method12 

11 

N 2  

Neutral  sugar  components i n  t h e  samples w e r e  ana- 

Acidic sugar  
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39 6 MESHITSUKA AND NAKANO 

components w e r e  determined by t h e  method developed by 
Blumenkrantz e t  al. 13 

RESULT AND DISCUSSION 

Prepa ra t ion  of  S o f t  xylem 

a f t e r  pee l ing  o f f  t h e  o u t e r  bark. C e l l  w a l l s  i n  t he  
s o f t  xylem a r e  extremely t h i n n e r  t han  those  i n  t h e  o l d  
t i s s u e  and a r e  a t  t h e  beginning of t h e  secondary w a l l  
formation.  I n  other words, t h o s e  cell  w a l l s  a r e  pre-  
sumably composed mainly o f  compound middle lamella. 
Cross s e c t i o n s  of  b i r c h  wood a f t e r  pee l ing  o f f  t h e  

i n n e r  bark and then  a f t e r  s c r a t c h i n g  o f f  t h e  s o f t  xylem 
a r e  shown i n  Photos 2 and 3 ,  r e spec t ive ly .  These 
photos  show t h a t  t h e  s o f t  xylem t i s s u e  was c o l l e c t e d  
s u c c e s s f u l l y  wi thout  contaminat ion of  i n n e r  bark and 
o l d  t i s s u e .  
S t r u c t u r e  of Lignin i n  S o f t  Xylem 

Photo 1 shows t h e  cross section of b i r c h  wood 

Phloroglucinol-kiC1 color r e a c t i o n  of b i r c h  wood 
c r o s s  s e c t i o n  thoroughly e x t r a c t e d  wi th  e thano l  showed 
t h a t  some l i g n i n  i s  a l r eady  depos i t ed  a t  almost all 
p a r t s  of t h e  s o f t  xylem t i s s u e .  However, it is very 
important  t o  no te  t h a t  t h e  degree of  l i g n i f i c a t i o n  i s  

no t  homogeneous i n  the  s o f t  xylem t i s s u e .  Bas i ca l ly ,  
l i g n i n  concen t r a t ion  i n  s o f t  xylem ce l l  w a l l  increased  
g radua l ly  from o u t e r  c e l l  to i n n e r  cell,  and v e s s e l  c e l l  
w a l l  and wood f i b e r  c e l l  w a l l  around the v e s s e l  element 
showed h igher  l i g n i n  concen t r a t ion  than  the o t h e r  wood 
f i b e r  cell w a l l s  i n  t h e  soft x y l e m .  

Lignin con ten t  i n  t h e  pre-ex t rac ted  and depro te in-  
i z e d  s o f t  xylem w a s  determined t o  be 28.1% and 2 4 . 9 %  by 
t h e  Klason and a c e t y l  bromide methods, r e spec t ive ly .  
Nitrogen ( 0 . 8 9 % )  was a l so  found i n  t h e  Klason l i g n i n  of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1
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Photo 2 
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Photo 3 

MESHITSUKA AND N U 0  

the soft xylem. Thus, condensation of the nitrogen 
containing compound with lignin during the liqnin deter- 
mination might be one reason fo r  the higher lignin 
content by the Klason method. 

Since lignin content for the whole wood was 19.6% 
by the acetyl bromide method, the soft xylem has a 

higher lignin content than whole wood. Here, if the 
soft xylem tissue is composed of compound middle lamella 
only, it might be one half or less of the final lignifi- 
cation, because liqnin content in the middle lamella of 
matured wood has been reported to be 34-40% at the area 

1 between the cell corners and 72-85% at cell corners. 
Table 1 shows the alkaline nitrobenzene oxidation 

products from the soft xylem and whole wood. First of 
all, total aldehyde yield from the soft xylem was only 
about one tenth of the whole wood. This clearly indi- 
cates the highly condensed structure of lignin in the 
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MIDDLE LAMELLA LIGNIN 399 

Table 1 Alkaline Nitrobenzene Oxidation Products from 
Soft Xylem and Whole Wood of Birch Wood 

Vanillin 
Syring- 
aldehyde 

1 . 6  

1 . 4  

p- Hydroxy- 
benzaldehyde 

0 . 7 9  

Whole Wood 

4 2 . 7 % *  

8 . 0  

3 4 . 7  

3 . 6 2  

- 

I, based on lignin content by acetyl bromide method 
V: vanillin, S: syringaldehyde, P: p-hydroxy- 
benzaldehyde, S/V, P/U: molar ratio 

soft xylem. The S/V molar ratio for the soft xylem was 
also quite different from whale wood. That is, only 
0.69 for soft xylem and 3 . 6 2  for  whole wood. This means 
that of the non-condensed type structural units, the 
number of quaiacyl units is higher than that of syringyl 
units. This is quite contrary to the syringyl rich 
nature of the whole lignin. Since the highly condensed 
nature of soft xylem lignin is presumably attributed to 
condensed type guaiacyl units, contribution of guaiacyl 
units to the sof t  xylem lignin ought t o  be much higher 
than that of syringyl units. Lastly, it must also be 
pointed out that p-hydroxy benzaldehyde was confirmed 
only in the case of the soft xylem. 

The soft xylem was also analyzed by permanganate 
oxidation after the heating with kraft cooking liquor 
and the methylation of free phenolic h y d r o q l  groups 
with (CH312S04. As shown in Table 2 ,  again the Soft 
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400 MESHITSUKA AND NAKANO 

*1 Table 2 Permanganate Oxidation Products of Soft  X y l e m  
and Whole Wood*l of Birch Wood 

Methyl E s t e r  

Anisic acid 
Veratr ic  ac id  
T r i m e  t h y  1- 
g a l l i c  acid 
Isohemipinic 
acid 
Metahemipinic 
acid 

TA/VA 
*2 Yield, % 

Relative amounts , molar r a t i o  

s o f t  Xylem 

0.03 (0.02-0.0 3) 
1.00 

0 . 2 4  (0.18-0.33) 

0.05 (0 .04-0 .06)  

0 . 0 4  ( 0  -02 -0 .05 )  

0 . 2 4  
11.8 

Whole Wood 

- 
1.00 

2 . 1 7  ( 1 . 7 4 - 2 . 6 7 )  

0.02  ( 0 . 0 1 - 0 . 0 2 )  

0.01 

2 . 1 7  
2 7 . 1  

*1 preheated with k r a f t  cooking l i quor  and methylated 

*2 based on l i g n i n  content by a c e t y l  bromide method 
TA: t r ime thy lga l l i c  acid methylester 
VA: v e r a t r i c  acid methylester 
TA/VA: molar r a t i o  

w i t h  (CH3) 2S04 

xylem l ign in  provides q u i t e  d i f f e r e n t  r e s u l t s  from 
those of the whole wood l i g n i n .  Total  y i e l d  of aromat- 
i c  ac ids  from s o f t  xylem l i g n i n  w a s  less than one half  
of t h a t  from whole wood l i g n i n ,  based on the l i gn in  
contents determined by the a c e t y l  bromide method. The 
r e l a t i v e  y i e l d  of t r i -me thy lga l l i c  acid t o  v e r a t r i c  
acid w a s  about one ninth of t h a t  f o r  whole wood l ign in .  
This means t h a t  t he  s o f t  xylem l i g n i n  i s  r i c h  i n  
guaiacyl u n i t s  r a t h e r  than syr ingyl  u n i t s .  On  t he  
o the r  hand, isohemipinic and metahemipinic acids  which 
correspond t o  the condensed type guaiacyl u n i t s  i n  
l i gn in ,  w e r e  obtained i n  higher r e l a t i v e  q u a n t i t i e s  to 
v e r a t r i c  acid from the  s o f t  x y l e m  than whole wood. 
Besides these ac ids ,  t r a c e  amounts of C-carboxy-tri- 
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m e t h y l g a l l i c  a c i d  and 5-carboxyanis ic  a c i d  which w e r e  
a t t r i b u t a b l e  to t h e  condensed t y p e  s y r i n g y l  u n i t s  and 
t h e  condensed t y p e  p-hydroxyphenyl u n i t s ,  r e s p e c t i v e l y ,  
w e r e  confirmed by GC-MS i n  t h e  case of t h e  sof t  x y l e m .  
These r e s u l t s  are i n  v e r y  good accordance w i t h  t h o s e  of 
a l k a l i n e  n i t r o b e n z e n e  o x i d a t i o n  d i s c u s s e d  ear l ie r .  

Based on t h i s  i n f o r m a t i o n ,  it would be p o s s i b l e  t o  
d i s c u s s  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  of  compound 
middle l a m e l l a  l i g n i n ,  i f  the s o f t  xylem w a s  o n l y  com- 
posed of  wood f i b e r s .  However, t h i s  is n o t  t h e  case. 
Some amount of v e s s e l  e l e m e n t s  w e r e  a l s o  observed i n  
t h e  s o f t  xylem a s  shown i n  Photo 1, and l i g n i n  i n  t h e  

v e s s e l s  has  been r e p o r t e d  to b e  g u a i a c y l  r i c h ,  too. 
Therefore ,  it i s  ext remely  i m p o r t a n t  t o  p r e p a r e  a 
v e s s e l - f r e e  wood f i b e r  f r a c t i o n  f o r  f u r t h e r  a n a l y s i s  

and d i s c u s s i o n  of  t h e  l i g n i n  s t r u c t u r e  i n  t h e  compound 
m i d d l e  l a m e l l a  between f i b e r s .  

Only 15mg of wood f i b e r  f r a c t i o n  was s e p a r a t e d  
from t h e  mechanica l ly  d e f i b r a t e d  s o f t  xylem u s i n g  a 

S t e r e o  Scopic  Microscope. Phloroglucinol-HC1 c o l o r  
r e a c t i o n  of some f i b e r s  gave a l i g h t  r e d d i s h - v i o l e t  
c o l o r ,  b u t  o t h e r s  showed o n l y  a reddish-p ink  c o l o r .  
T h i s  must be due t o  d i f f e r e n t  degrees  of l i g n i f i c a t i o n  
i n  t h e  s o f t  x y l e m  t i s s u e  as  mentioned b e f o r e ,  and t h e  
former f r a c t i o n  of  wood f i b e r s  seemed to o r i g i n a t e  
from t h e  t i s s u e  around t h e  vessel e lements .  Table  3 
shows t h e  y i e l d s  o f  t h e  a l k a l i n e  n i t robenzene  oxida-  
t i o n  p r o d u c t s  f r o m  t h e  wood f i b e r  f r a c t i o n  t h u s  ob- 
t a i n e d  and t h e  o r i g i n a l  s o f t  xylem. Here, it i s  very  

i n t e r e s t i n g  t h a t  a g a i n  v e r y  l o w  t o t a l  a ldehyde y i e l d  
and S/V molar r a t i o  w e r e  o b t a i n e d  from t h e  wood f i b e r  
f r a c t i o n  of  t h e  soft xylem. It s t r o n g l y  sugges ts  t h a t  
l i g n i n  i n  t h e  w o o d  f i b e r  f r a c t i o n  o f  t h e  s o f t  xylem, 
i n  o t h e r  words,  compound middle lamella between f i b e r s ,  
must have a g u a i a c y l - r i c h  and h i g h l y  condensed n a t u r e ,  

wood a r e  shown i n  Table 4 .  Rhamnose and a r a b i n o s e  
Sugar composi t ions of  t h e  s o f t  xylem and whole 
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Table 3 Nitrobenzene Oxidation Products  of F iber  
F rac t ion  from Soft Xylem 

* based on l i g n i n  conten t  by a c e t y l  bromide method 
S/V: molar r a t i o  

Table 4 Sugar Compositions of S o f t  Xylem and Whole 
Wood 

( ) :  r e l a t i v e  composition of n e u t r a l  sugar  
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r e s i d u e s  w e r e  found o n l y  i n  t h e  case o f  t h e  s o f t  xylem. 

The s o f t  xylem f r a c t i o n  a lso showed a much h i g h e r  a c i d i c  
s u g a r  c o n t e n t  compared w i t h  t h e  whole wood which has  

been known as a t y p i c a l  c h a r a c t e r i s t i c  of  t h e  sugar 
composi t ion o f  t h e  pr imary w a l l .  

CONCLUSION 

1. The s o f t  xylem f r a c t i o n  s e p a r a t e d  from b i r c h  wood 

a t  t h e  end of  May, 1983, i n  t h e  middle of J a p a n ,  

w a s  a good material f o r  a n a l y s i s  of  t h e  compound 
middle l a m e l l a  l i g n i n .  

2 .  Lignin i n  compound middle lamella i s  r i c h  i n  
g u a i a c y l  u n i t s  r a t h e r  than  s y r i n g y l  u n i t s .  I t  i s  
q u i t e  d i f f e r e n t  from t h e  s y r i n g y l  r i c h  n a t u r e  of 
whole wood l i g n i n .  

3. L ignin  i n  compound middle  lamella is h i g h l y  con- 

densed.  
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