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F R O M  I V O R Y  NUTS AND F R O M  DATES 
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INTRODUCTION 

As early as 1889 REISS 1 found that the cell walls of vegetable ivory nut (Phytelephas 
macrocarpa Ruiz et Pav.) yielded mostly mannose (Seminose) after hydrolysis. 
L/.)DTKE 2 has shown that there are two different mannans in the cell walls of ivory 
nuts, viz. mannans A and B, which differ from each other in their solubility in dilute 
alkali. He pointed out that there is also about 7% cellulose in the endosperm. The 
chemical structure of the two mannans has been studied by KLAGES 3 and more 
recently by A'3PINALL el al. 4. According to the latter these mannans both contain 
two types of molecules, one with a mannopyranose residue as non-reducing end-group, 
the other with a galactopyranose residue. As well as the 1,4-1inkages between the 
mannopyranose residues, there were also 1,6-1inkages present (6.8% in mannan A 
and 14.3% in mannan B). According to ASPINALL ct al?, the two mannan:~ differ- 

mainly in molecular size, mannan A having a degree of polymerisation (I)-P~) of 
IO-I3 and mannan B of 4 o. 

Chemical composilion 

All the date and ivory-nut samples which were studied microscopically, by 

X-rays, and osmometrically for DPn determination, were analysed by quantitative 
paper chromatography. Tables I and I I  show the results. There is no essential difference 
in chemical composition between the date and ivory-nut endosperms. 

The approximate percentages of mannan A, mannan B and cellulose in ivory 
nut endosperm are given in Table I II ,  which gives figures that were calculated from 
the yields of the residues after extraction. 

T A B L E  I 

C A R B O H Y D R A T E  A N A L Y S E S  OF D A T E - E N D O S P E R M  M A T E R I A L  

Sample 
Galactose Ghtcose Mannose A rabinose 

% % % 

D 1 N a t i v e  3.5 0-4 'S7.4 2.7 
1)2 ])1 e x t r a c t e d  w i t h  a c e t o n e - w a t e r ,  

a c e t o n e  a n d  e t h e r  (7-3) 9o.7 2.o 
D A  M a n n a n  A e x t r a c t e d  w i t h  7 % K O H  

f r o m  D 2 (0-5) 9q-5 t r a c e  
1)B R e s i d u e  a f t e r  s e v e r a l  e x t r a c t i o n s  

of 1) 2 w i t h  7 %  a n d  J4",, K ( ) I t  (i_,.S) s3 .b  3- t  

Re]erences p. 240. 
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TABLE II 

C A R B O H Y D R A T E  A N A L Y S E S  OF IVORY-NUT ENDOSPERM MATERIAL 

VOL. 28 (x958) 

Sample Galactose/Glucos¢ Mannose Arabinose % % % 

I~ Native (IO.7) 88.0 1. 3 
12 I 1 extracted with acetone and ether 2.5 6.1 90.3 i . i  

(yield 84. 3 % from It) 
I a 12 treated with sodium chlorite 

(yield 79 0/0 from 11) 2.2 6.9 89.7 1.2 
IA I Crude mallnan A extracted with 

7% KOH from I S (0.5) 98.1 1. 4 
IA2 IA I reprecipitated twice with 

Fehling's solution (trace) ioo - -  
IA a Crude mannan A extracted with 7% 

KOH from 13 (2.5) 97.5 trace 
IA 4 IA 3 reprecipitated £wice with 

Fehling's solution (o.4) 99.6 - -  
IB 1 Residue after 3 extractions of I S 

with 7% KOH (t9.0) 80. 4 trace 
IB 2 Residue after 4 extractions of IB 1 

with 14% KOH (yield 3o.8% from I1) 2.6 17.6 79.8 trace 
IB a Residue after 2 extractions of-13 

with 7% KOH (I8.5) 80.6 o.9 
IB 4 Residue after extraction of I a with 

7, 14, 18% KOH and twice with 
24% KOH (22,1) 77-9 trace 

lBp Mannan B purified 1.8 2-4 93-4 2.4 

TABLE III  

A P P R O X I M A T E  C O M P O S I T I O N  OF IVORY-NUT ENDOSPERM 

Material extracted with acetone and ether 
Material removed afterwards by sodium chlorite t reatment  
Material removed by dilute alkali 
Material not removed by dilute alkali 

cell contents, mainly oils 16% 
other cell contents 5 % 
mannan A 48 % 
mannan B 24 % 
cellulose 6 % 

Microscopic and submicroscopic morphology o/ the endosperm cell walls 

T h e  e n d o s p e r m  cell wal l  of t h e  i v o r y  n u t  is g e n e r a l l y  d e s c r i b e d  as  cons i s t i ng  of 

t h r e e  l aye r s  (c/. REISS 1, GILSON'~) : a t h i n  m i d d l e  lamel la ,  a t h i c k  i n t e r l n e d i a t e  l ame l l a  

(Zwischen lamel le ) ,  a n d  a t h i n  i n n e r  l ame l l a  b o r d e r i n g  t h e  cell l u men .  F r o m  t h e  s t r o n g l y  

p o s i t i v e  r e a c t i o n  of t h e  i n n e r  l ame l l a  w i t h  iod ine  a n d  z inc  ch lo r ide  it has  b e e n  a s s u m e d  

to  cons i s t  of cel lulose.  H o w e v e r ,  LODTKE 2 has  s h o w n  t h a t  m a n n a n  B r eac t s  w i t h  

i od ine  a n d  z inc  ch lo r ide  in t h e  s a m e  w a y  as cellulose.  I n v e s t i g a t i o n  b y  t h e  p r e s e n t  

a u t h o r  c o n f i r m e d  th i s  fo l  m a n n a n  B in t h e  n a t i v e  as well  as in t h e  r e g e n e r a t e d  s t a t e .  

I t  is t h e r e f o r e  v e r y  diff icul t  to  local ise t h e  smal l  p e r c e n t a g e  of cel lulose p r e s e n t  in 

t h e  cell  wal ls .  
Microscopica l ly ,  t h e  cell wal ls  of d a t e  (Phoenix dac/yli[era L.) a n d  i v o r y - n u t  

e n d o s p e r m  differ  m a i n l y  in t h e i r  t h i c k n e s s  a n d  in t h e  o r i e n t a t i o n  of the i r  b i r e f r i n g e n t  

c o n s t i t u e n t s .  
Fig.  I(a) shows  a t r a n s v e r s e  s ec t ion  t h r o u g h  d a t e  e n d o s p e r m  in po l a r i s ed  l ight .  

Re[erences p. 240. 
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Only the thin middle lamella appears isotropic; the other layers are strongly 
birefringent. A longitudinal secti6n (Fig. 2(a)) shows that  only the outer part  of the 
walls (primary wall, probably together with a transition lamella), which also forms 
the pit membranes,  is birefringent. No isotropic middle lamella is recognisable. In 
those parts of the longitudinal section where the cell walls are seen from the surface 
and not in section (arrows in Fig. 2(a)) a colour plate (Red I) shows that  the double 
refraction is oriented negatively to the longitudinal axis of the cells. Figs. I and 2 
show that  a cell wall separated from the neighbouring wall by a thin isotropic middle 
lamella consists of a pr imary wall (probably together with a transition lamella) and 
of a thick secondary wall in which the birefringent elements are oriented more or 
less transversely to the cell axis and have a circular texture round the pits. Polarisa- 
tion optical studies alone do not show whether a tert iary wall exists. 

Fig. ~(a) and  l(b).  Tran:~verse sect ion t h rough  na t ive  da te  endospe rm with polarised l ight  ([(a)) 
and  phase  c o n t r a s t  (l(b)). (x = identical  cells), x 54 ° 

lqg.  2(a) and  2(b). [ .ongiluditmI sect ion t h rough  na t ive  da te  cmlospe rm with polarised light (2(a)) 
and phase  c tmt ras t  (.'(b)). (x identical  cells), t~o. 

I,'ej,'J'~,~lc,°.~ p. : io.  



A I ran.~xt,rsc section through ix 'ory-nnt endost)erm shows in polar ised l ight  the 
same fea tmes  as u da te  transv~'rse section. A longi tmlinal  section, however,  reveals  
some diffvrences Orig. 3). Not  only the p r ima ry  \v~dl (possibly with the  t rans i t ion  
lamella) but  also the secondary  wall i~ birefr ingent  i~. section. In  a surface view, 
however,  the secondary  wall is - - excep t  for the regions round  tile lilts (arrows in 
Fig. 3) a lmost  isotrot)ic. "riffs may  be caused b'," a dispersed micel lar  t ex tu re  or 
b y  a crossed lamel lar  texture .  But  since there are no dispersed micel lar  t ex tures  
known in secondary  walls, at crossed lamel lar  s t ruc ture  with the  bi refr ingent  e lements  
of each lamel la  more or less l~ert)cndicular to each other  is more probable .  The s t rong 
doul)le refract ion of the secondary  wall in t ransverse  as well as in longi tudina l  sect ions 
can twobably he in te rp re ted  as indica t ing  tha t  the angle of the birefr ingent  ele- 
ments  ill the secondary  wall mus t  be at  about  45 ~ to the cell axis. 

Fig. 3. Longitudinal section through native 
ivory-nut endosperm with polarised light. 

× 14o. 

Fig. 4. Oblique transverse section through two 
neighbouring cell walls of date endosperm. 
(L = cell lumen) Electron micrograph. × 3,8oo. 

The  quest ion might  be ra ised whe ther  the  double  refract ion of the  endosperm 
cell walls is caused b y  the m a n n a n  A, b y  the  m a n n a n  B, or b y  both.  Specimens 
from which the  m a n n a n  A had  been ex t r ac t ed  wi th  d i lu te  a lkal i  were therefore  
s tudied,  using the  same methods  as were used for the  unex t r ac t ed  ones. However ,  no 
differences were observed  e i ther  in the  t ransverse  or  in the  long i tud ina l  section. 

F o r  fur ther  inves t iga t ion  of the  submicroscopic  s t ruc ture  of t he  cell walls, 
u l t r a - th in  sections were s tud ied  wi th  the  e lect ron microscope.  Fig.  4 shows an obl ique 
t ransverse  sect ion th rough  two ne ighbour ing  date-cel l  walls wi th  a pit .  The  p i t  
m e m b r a n e  is r a the r  th ick  and  p r o b a b l y  includes  not  only  the  p r i m a r y  wall  bu t  also 
the  t r ans i t ion  lamella.  I n  the  secondary  wall  a f ibr i l la t ion concentr ic  to  the  cell lumen 
can be recognised (arrow in Fig.  4). 

A longi tud ina l  sect ion th rough  a swollen date-cel l  wall  (Fig. 5) shows clearly 
t ha t  the  wall  consists a t  least  p a r t l y  of f ibri l lar  elements.  A s imilar  p ic ture  is visible 
in a sect ion th rough  an ivory  nu t  cell wall. Fig.  6 shows a crossed f ibri l lar  t ex tu re  
t ha t  can p r o b a b l y  be a t t r i b u t e d  to the  secondary  wall,  as was assumed from studies 
in polar ised  l ight .  

Re/evences p. z4o. 
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Fig. 5- Longitudinal section through a swollen 
cell Wall of date endosperm. Note the micro- 
fibrils between the swollen layers. Electron 

micrograph. × I5, ooo. 

Fig. 6. Section through the secondary wall of 
ivory-nut endosperm. Note the two different 
orientations of the microfibrils. Electron micro- 

graph. × I5, OOO. 

Submicroscopic structure o /m~nnan A and mannan B 

As has  b e e n  s h o w n  in an  ear l ie r  p a p e r  (MEIER6), m a n n a n s  A and  B differ  con-  

s ide rab ly  in t he i r  s u b m i c r o s c o p i c  s t ruc tu re .  A s a m p l e  (13, T a b l e  II) c o n t a i n i n g  b o t h  

m a n n a n  A a n d  m a n n a n  B in t h e  n a t i v e  s t a t e  was  d i s i n t e g r a t e d  in a T u r m i x  b l e n d e r  
! a n d  w i t h  u l t r a son i c  w a v e s  a n d  s t u d i e d  in t h e  e l ec t ron  microscope .  I t  s h o w e d  two  

d i f fe ren t  s t r u c t u r a l  e l e m e n t s  (Fig.  7) : sma l l  g ra ins  o f ten  a g g r e g a t e d  to  g r ea t e r  pa r t i c l e s  

a n d  mic ro f ib r i l l a r  e l ements .  W h e n  a s a m p l e  (IB3, T a b l e  II) f r o m  wh ich  t h e  m a n n a n  A 

has  b e e n  e x t r a c t e d  w i t h  d i lu te  p o t a s s i u m  h y d r o x i d e ,  is p r e p a r e d  in t h e  s a m e  w a y  
as 12, t h e  e l ec t ron  m i c r o s c o p e  p i c tu r e  shows t h a t  a f t e r  e x t r a c t i o n  of m a n n a n  A m o s t  

Fig. 7- Ivory-nut endosperm (sample 13) after 
Turmix treatment but before extraction of 

mannan A. Electron micrograph. × 22,500. 

Relerences p. 240. 

Fig. 8. Ivory-nut endosperm (sample IB3) 
after extraction of mannan A and after Turmix 
and ultrasonic treatment. Electron micrograph. 

× 22 ,500 .  
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of the granular material  has disappeared (Fig. 8). Practically only the microfibrillar 
material  is left. I t  may  therefore be concluded that  mannan A is built into the cell 
walls in the form of small and (as will be shown below) crystalline grains with a 
diameter of IOO to 2oo A, while mannan B lies in the walls in the form of microfibrils. 
I t  is difficult to decide whether these ,are pure mannan or mixed mannan/cellulose 
micro fibrils. However, the lat ter  seems less probable because the mannan B, after 
prehydrolysis of the material with i % hydrochloric acid, can be extracted completely 
with 24% potassium hydroxide, whereas the cellulose is resistant to this treatment.  
This would hardly be possible if there were mixed microfibrils of abomt 8o% mannan 
and 2o% cellulose. I t  might be noted here that  without prehydrolysis mamm_n B 
cannot be extracted with potassium hydroxide concentrations up to 24% (c/. 
Table I I ,  sa~nple IB4). 

The submicroscopic structure of the isolated and purified mannans A and B was, 
as had been expected, somewhat different from the structure in the native state. The 
isolated mannan A was composed of small crystallites which were birefringent in the 
polarising microscope. In the electron microscope they were more or less cubic and 
about I to 2 ~ in diameter (Fig. 9)- Ultra-thin sections of these particles reveal a 
granular structure in the interior that  is somewhat similar to that  of the granular 
mannan A in its native state (Fig. IO). 

Regenerated and purified mannan B (sample IBp, Table II)  precipitated without 
the influence of orienting forces showed, as might be expected, no fibrillar structure. 

HERZOG AND GONELL 7 obtained X-ray diagrams of vegetable ivory nut and found 
that  the material was crystalline. Since the heterogeneous character of the ivory-nut 
mannan was unknown at that  time, their papei does not show whether mannans 
A and B or only one of them is crystalline. HESS AND LODTKE s have studied mannan A 
and mannan B with X-rays. According to them, both were crystalline and showed 
similar diffraction diagrams, the differences being mainly in the different intensities 
of the diffraction rings. Mannan B lacked some diffractions given by  mannan A. 
HESS AND LODTKE s believed that  the similarity of both diagrams was fortuitous. 

Fig. 9. I so l a t ed  da te  m a n n a n  A af te r  T u r m i x  
and  u l t r a son ic  t r e a t m e n t .  E lec t ron  micrograph .  

x 15, ooo. 

Re/erences p. 240. 

Fig. io.  The  same as in Fig. 9 bu t  sect ioned.  
E l ec t ron  micrograph .  × I5,OOO. 
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Fig. i i .  Photometer curve of the X-ray diagram of native ivory-nut endosperm (sample I1) 
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Fig. 12. Photometer curve of the X-ray diagram of isolated and purified mannan A (sample IA2). 
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Fig. 13 . Photometer curve of the X-ray diagram of ivory-nut endosperm after extraction of 
mannan A (sample IBm). 

However,  it is ra ther  l ikely tha t  the m a n n a n  B specimen of these authors  conta ined 
m a n n a n  A as impur i ty .  HESS AND Lf3DTKE s invest igated only regenerated, tha t  is, 
dissolved and  reprecipi tated samples of m a n n a n  A and  m a n n a n  B. The quest ion 
might  therefore be asked whether the two m a n n a n s  are also crystall ine in the na t ive  
s tate  and  whether  the crystal  s t ructure  was the same then as in the regenerated state.  

Fig. I I  shows the photometer  curve of the X-ray  diagram of na t ive  ivory-nu t  
endosperm, and Fig. 12 shows the curve obta ined from isolated m a n n a n  A. Comparison 
of the two curves shows tha t  the interferences in Fig. I I  mus t  be caused by the same 
crystal  latt ice as those in Fig. 12, tha t  is, by  the m a n n a n  A lattice. (The la t t ice-plane 
distances of m a n n a n  A are given in Table IV.) Mannan  A is therefore crystal l ine bo th  
in its na t ive  state and  after dissolution and reprecipitation.  Fig. 13 shows the curve of 
the X-ray  diagram of ivory-nut  endosperm after complete removal  of m a n n a n  A by  
extract ion.  From this curve it can be concluded that  m a n n a n  B in its nat ive  state is 
amorphous  or paracrystal l ine.  The X- ray  diagram of the isolated and regenerated 
m a n n a n  B (sample IBp) likewise gives no indicat ion of crystal l ine structure.  

Re/erences p. 24o. 
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TABLE IV 

I A T T I C E - P L A N E  D I S T A N C E S  AS D E D U C E D  F R O M  T W O  X - R A Y  D I F F R A C T I O N  D I A G R A M S  O F  I S O L A T E D  

M A N N A N  A 

The diagram "Graz" shows three faint interference rings nlore than the diagram "Uppsala" 
The photometer curve of the latter is shown in Fig. 12. 

Ring Lattice plane distances in A~ 

"Graz . . . .  Uppsala" 
i 6.84 6.73 
2 6.19 
3 5 .60 5.56 
4 4-94 4.89 
5 4.47 4.43 
6 4.22 
7 3.95 
8 3.80 3-79 
9 3.56 3.54 

lo 3.38 3.34 
i i 3.0 l 2.96 
12 2.72 2.72 

By analogy with  cellulose a microfibr i l lar  s t ruc ture  might  be assumed to imply  
X - r a y  c rys ta l l in i ty .  The  X - r a y  amorphous  s t ruc ture  of the  microfibr i l lar  m a n n a n  B 
is therefore somewhat  surprising.  I t  might ,  however ,  be exp la ined  by  the presence 
of over 14% 1,6-1inkages in add i t ion  to the 1,4-1inkages in m a n n a n  B (c/. ASPINALL 
ct al.4). 

The cell walls of da te  and ivo ry -nu t  endosperm are stil l  h ighly  bi refr ingent  af ter  
ex t rac t ion  of the X - r a y  crys ta l l ine  m a n n a n  A. Measurement  b y  the immers ion  me thod  
(cinnamon o i l - a m y l  alcohol) of the  ref rac t ive  indices in a longi tud ina l  sect ion th rough  

t t a cell wall  of sample  IB  4 gave  n~  : 1.54o (n~ < nr) and  na : 1.518 (cellulose: 
n:, = 1.599, n,, = 1 . 5 3 I  ). Since in this  m a n n a n  A-free cell wall  there  is abou t  2o% 
cellulose as well as the  78 % m a n n a n  B, and  since it is not  known whether  the  cellulose 
is localised in the  p r i m a r y  wall  and  the t rans i t ion  lamel la  or is also present  in the 
secondary  wall where the n~ and n~ were ac tua l ly  measured,  these values  might  be 
influenced by  the cellulose. A considerable  par t  of the  double  refract ion must ,  how- 
ever, come from the m a n n a n  B. Mannan  B in i ts na t ive  s ta te  is therefore  a typ ica l  
pa rac rys ta l l ine  subs tance  with  opt ica l  an i so t ropy  resul t ing from a paral le l  a r range-  
ment  of long-chain macromolecules  wi thout  the definite c rys ta l  la t t ice  which would 
give a crys ta l l ine  X - r a y  d iagram.  

I t  is often uncr i t ica l ly  assumed tha t  amorphous  polysacchar ides  are easi ly 
ex t rac tab le  from cell walls, while those ex t r ac t ed  only  wi th  difficulty are supposed 
to be crystal l ine.  The behav iour  of m a n n a n  A and m a n n a n  B demons t ra t e s  t ha t  such 
a genera l isa t ion is not  un iversa l ly  true. 

1 ) P n  m ~ a s u r e m e n t s  on m a n n a n  A a n d  m a n n a n  B 

As a l r eady  po in ted  out  in the  in t roduct ion ,  ASPINALL el al. 4 have  de te rmined  

I ) P ,  ( numerical  average  degree of polymerisa t ion)  of mannan  A and m a i m a n  B 

by end-group de te rmina t ion .  Recent ly ,  ]'IMI~LL tJ has publ ished viscosimetr ic  I)P,~, 
( weight -average  degree of polymerisa t ion)  de te rmina t ions  of the  ivory  nut  com- 

ponents.  In  the  course of the  present  inves t iga t ion ,  osmometr ic  DPn de te rmina t ions  

Re/erences p. 240. 
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TABLE V 

O S M O M E T R I C  DI',, D E T E R M I N A T I O N S  

237 

Sample Solvent Membrane DP~ Nitrogen 
content % 

IA 1 Acetone "U. allerf." 21.2 i2.52 
Acetone D-6o 2o. 3 12.52 

IA~ Acetone "U. allerf." i8.8 14.o 7 
Butyl acetate "U. allerf." 17. 4 I4.O 7 
(sodium borohydride method) 16.o 

IA~ Acetone "U. allerf." 19.I 12.13 
IAa Acetone "U. allerf." 22.2 11.88 
IB,  Acetone "U. al|erf." 86. 7 12.06 

Butyl acetate "U. allerf." 80.0 12.o6 

were made  wi th  purif ied m a n n a n  A and  m a n n a n  B samples  (see Table  V). TIMV-LL :) 
emphas i sed  t h a t  p r e - t r e a t m e n t  of the  ma te r i a l  wi th  sodium chlori te  might  have  a 
g rea t  influence on the degree of po lymer i sa t ion  of the  mannans .  Since the  present  
au tho r  also considered i t  possible t ha t  the  sodium chlori te  t r e a t m e n t  of ASPINALL el 
al.  4 might  have  influenced the  resul ts  of the i r  D P  de te rmina t ions ,  m a n n a n  A was 
ex t r ac t ed  from sodium ch lo r i t e - t r ea ted  ivo ry -nu t  meal  and  also from un t r ea t ed  
mater ia l .  Bo th  the  m a n n a n  A samples  were n i t r a ted ,  one pa r t  d i rec t ly  and  one pa r t  

a f te r  two reprec ip i t a t ions  wi th  Feh l ing ' s  solut ion.  DPn for all four samples  (IA 1 -  IA,_) 
was then  de t e rmined  and,  as can be seen from Table  IV, there  was a lmost  no difference 

in DPn. This shows t ha t  a t  least  the  m a n n a n  A is not  sensi t ive to sodium chlor i te  
t r e a t m e n t  or to reprec ip i t a t ion  from Fehl ing ' s  solution. 

Accord ing  to TIMELL 9 the  DPw of m a n n a n  A lies be tween  5 and  7, and  according 

to ASPINALL et al.  4 DPn is lO-13. The  values  of TIMELL 9 were ca lcu la ted  from viscosi ty  
de te rmina t ions .  Since the  theore t ica l  as well as the  exper imen ta l  ba c kg round  for a 

ca lcula t ion  of the  DPw from the  viscosi ty  is r a the r  deficient for such low-po lymer  

components ,  TIMELL'S figures are quest ionable .  The DPn values  of ASPINALL et al.  

are  ce r t a in ly  more reliable.  They  are  somewhat  lower then  the osmomet r ica l ly  

de t e rmined  DPn values  in Table  V, and  also lower than  the values  given b y  an end- 
group de te rmina t ion  using the  sodium borohydr ide  me thod  (LiNi)J:.~le(; .\N~)THV..XN- 

DERI°), which gave DPn 16 for sample  IA~. Both  the osmometr ic  and  the sodium 
borohydr ide  me thod  have a t endency  to give values tha t  are too high. The figures of 
ASPIN.\LL c! al. 4, on the  o ther  hand ,  might  be somewhat  too low, since a slight de- 
g rada t ion  of the  samples  dur ing  the  l eng thy  me thy l a t i on  procedure  can ha rd ly  be 
prevented .  I t  m a y  therefore  be assumed with  fa i r ly  high ce r t a in ty  t ha t  mannSn  A 
mus t  have a degree of po lymer i sa t ion  of abou t  15. 

F o r  m a n n a n  B, ASPINALL et al. 4 give a DPn of about  40, mak ing  the assumpt ion  

t ha t  the  molecules are not  branched.  TIMELL 9 de te rmined  the DPw of the  higher-  
po lymer  ivory-nu t  ca rbohydra te s ,  including m a n n a n  B and  cellulose, v i scos imet r ica l ly  
and  found values  be tween 300 and  I200. Since he had  no pure m a n n a n  B fract ions 
( they all con ta ined  considerable  amoun t s  of cellulose), it  is difficult to d raw any  
conclusions from his resul ts  as far as the  DP of m a n n a n  B is concerned.  The long-chain 
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cellulose molecules  certainly had a large effect on TIMELL'S viscosimetric  determina- 
tions.  B y  calculation it can be shown that a mixture  of 13.6% glucan and 86.4 
mannan B as in TIMELL'S fractions 26-27 (Table V in TIMELI.'S publication), would 

give a DPw of 477 if mannan B has a DP,z of 8o (as the present author has found) and 

the glucan a DPn of 3ooo (as an average cellulose would have). This explains the high 

DPw values reported by TIMELL. 
Since small  amounts  of long-chain cellulose have  almost  no influence on osmo- 

metric  DPn determinations,  the latter will give more reliable figures for the D P  of 
mannan B. A cellulose content  of 2.4 % as in sample  IBp should have  almost  no 
influence. That  ASPINALL'S D P  values for mannan t3 are lower than those of the 
present author might  be due to the same reasons as were discussed above for mannan 
A. However ,  as ASPINALL el al .  ~ point out, the possibil ity must  be kept  in mind that 
mannan B might  have a s l ightly-branched structure. 

E X P E R I M E N T A L  

The experimental  figures will  be given for the ivory-nut  material  only.  The date- 
mannan invest igat ions that were made were done in a similar way.  

Quantitative paper chromatography 

T h e  q u a n t i t a t i v e  p a p e r  c h r o m a e o g r a p h y  w a s  c a r r i e d  o u t , b y  t h e  m e t h o d  of SAEMAN el al. n ,  
u s i n g  t he  s o l v e n t  s y s t e m ,  e t h y l  a c e t a t e - a c e t i c  a c i d - w a t e r  (3 : 1 : 3)- As  t h i s  m i x t u r e  does  n o t  p r o v i d e  
a g o o d  s e p a r a t i o n  for  g a l a c t o s e  a n d  g lucose ,  t h e  s y s t e m  e t h y l  a c e t a t e - p y r i d i n e  w a t e r  (2 : i : 2 )  
w a s  u s e d  p a r a l l e l  w i t h  t h e  f i r s t  for  s o m e  of t he  s a m p l e s .  

Preparation of the starting material 

T h e  b r o w n  seed  c o a t  a n d  t h e  g e r m  of t h e  i v o r y  n u t s  w e r e  r e m o v e d  f r o m  t h e  e n d o s p e r m .  T h e  
l a t t e r  w a s  g r o u n d  in  a \ V i l e y  m i l l  a n d  e x t r a c t e d  w i t h  a c e t o n e  a n d  e t h e r  in  a S o x h l e t  a p p a r a t u s .  T h e  
e x t r a c t e d  m a t e r i a l  w a s  s c r e e n e d  a n d  t h e  f r a c t i o n  b e t w e e n  13 4 ° m e s h  w a s  used  for  e x p e r i m e n t a l  
w o r k .  

Chlorite trealmeut 

P a r t  of t h e  a c e t o n e - e t h e r - e x t r a c t e d  m a t e r i a l  (I2) w a s  t r e a t e d  w i t h  s o d i u m  c h l o r i t e  a c c o r d i n g  
to  t h e  m e t h o d  of CHANDA et al. 12 a n d  t h e n  w a s h e d  t h o r o u g h l y  w i t h  t a p  w a t e r  a n d  f ina l ly  w i t h  l a r g e  
q u a n t i t i e s  of d i s t i l l e d  w a t e r  to  g i v e  I a. T h e  y i e l d  w a s  r a t h e r  h i g h  (93.7 % f r o m  I~). Mic ro scop i c  
i n v e s t i g a t i o n  of I s a n d  13 s u g g e s t s  t h a t  t h e  s o d i u m  c h l o r i t e  t r e a t m e n t  r e m o v e s  m a i n l y  t h e  ce l l  
c o n t e n t s  a n d  p r o b a b l y  o n l y  v e r y  m i n o r  a m o u n t s  of m a t e r i a l  f r o m  t h e  cel l  wa l l s ,  w h i c h  c o n t a i n  no  
l i g n i n  and ,  as  s h o w n  b y  TIMELL 9. l~a rd ly  a n y  p e c t i c  s u b s t a n c e s .  

lsolatiou o/ maunan  A 

S a m p l e s  Ia  a n d  I a w e r e  e x t r a c t e d  t h r e e  t i m e s  w i t h  7 % p o t a s s i u m  h y d r o x i d e  o v e r n i g h t  on  a 
s h a k e r  in  sea l ed  g lass  f lasks.  T h e  e x t r a c t s  w e r e  n e u t r a l i s c d  w i t h  ace t i c  ac id  a n d  t h e  m a n n a n  A was  
p r e c i p i t a t e d  w i t h  e t h a n o l .  P a r t  of t h e  m a n n a n  A e x t r a c t e d  f r o m  12 a n d  I a ( s a m p l e s  IA  1 a n d  IA  a, 
r e s p e c t i v e l y )  w a s  r e p r e c i p i t a t e d  t w i c e  w i t h  F e h l i n g ' ~  s o l u t i o n  b y  t h e  m e t h o d  of ASPINALL el al. 4 t o  
g i v e  i A  2 ( f rom ]A1) a n d  IA  a ( f rom IAa).  A f t e r  r e p r c c i p i t a t i o n  t h r o u g h  t h e  c o p p e r  c o m p l e x  a n d  
d r y i n g ,  t he  m a n n a n  A d i s s o l v e d  v e r y  b a d l y  in 7 o~ p o t a s s i u m  h y d r o x i d e .  The  s o l u b i l i t y  c o u l d  be 
s o m e w h a t  i m p r o v e d  b y  n o t  d r y i n g  t h e  m a n n a n  A p r e c i p i t a t e d  w i t h  e t h a n o l .  

Isolation o~ mannan  H 

T h e  i s o l a t i o n  of m a n n a n  I3 w a s  b a s e d  on  t h e  m e t h o d  u s e d  b y  1,(IDTKE 2. S a m p l e  I B  a ( r e s idue  
a f t e r  t h e  e x t r a c t i o n  of I n a n n a n  A) w a s  e x t r a c t e d  once  m o r e  w i t h  7 °4, a n d  t h e n  w i t h  i o/ 4 ,o p o t a s s i u m  
h y d r o x i d e  to  r e m o v e  m a n n a n  A as  c o m p l e t e l y  as  poss ib l e .  T h e  r e s i d u e  w a s  w a s h e d  w i t h  d i l u t e  
a c e t i c  ac id  a n d  t h e n  w i t h  l a rge  q u a n t i t i e s  of d i s t i l l e d  w a t e r .  I t  w a s  d i s s o l v e d  in " c u o x a m "  a n d  t h e  
c o p p e r  c o m p l e x  of m a n n a n  B w a s  p r e c i p i t a t e d  b y  a d d i n g  J N s o d i u m  h y d r o x i d e  u n t i l  t h e  s o d i u m  
h y d r o x i d e  c o n c e n t r a t i o n  of t h e  s o l u t i o n  r e a c h e d  o.2 N.  T h e  p r e c i p i t a t e  w a s  c e n t r i f u g e d ,  w a s h e d  
w i t h  a m m o n i a  a n d  ! N s o d i u m  h y d r o x i d e ,  a n d  d i s p e r s e d  in w a t e r .  The  coppc l  c o m p l e x  w a s  
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des t royed  by  add i t i on  of acet ic  acid (5 %) and  the  m a n n a n  B was  p r ec ip i t a t ed  w i t h  e t h a n o l  The 
p r ec ip i t a t e  was cent r i fuged,  w a s h e d - w i t h  d i lu te  acet ic  acid, e thanol ,  and  ether ,  and  dr ied  to  
give IB  v. 

Preparat ion /or electron microscope studies 

The samples  to be sec t ioned  were  e m b e d d e d  accord ing  to the  m e t h o d  of NEWMAN el al. ta in a 
m i x t u r e  of b u t y l  and  m e t h y l  m e t h a c r y l a t e  (5:1) wi th  the  a d d i t i o n  of o .5% dichlorobenzoyl -  
peroxide .  The samples  were po lymer i sed  in a t h e r m o s t a t  a t  55 to 6o °. The u l t r a - t h i n  sect ions  were 
made  on a SjOstrand mic ro tome  wi th  glass  knives .  Af ter  d i sso lv ing  a w a y  the  e m b e d d i n g  m a t e r i a l  
wi th  a m v l  a ce t a t e  the  sect ions  were  shadowed  wi th  c h r o m i u m  a t  an angle  of a b o u t  3 °0 and  photo-  
g raphed  wi th  an  RCA-microscope.  

Nitrat ion o / the  mannans  /or osmometric D P  n determinations 

The n i t r a t i on  m i x t u r e  cons i s t ing  of n i t r ic  acid, phosphor ic  acid and phosphorus  pen tox ide  
(48:5o:  2) was  cooled down to - - i o  °. Abou t  two  g rams  of the  samples  to  be n i t r a t e d  were then  
a d d e d  to a b o u t  5o ml of the  m i x t u r e  in a suc t ion  flask, which was  p u t  in a re f r igera tor  for four 
hours ,  e v a c u a t e d  severa l  t imes  and  s h a k e n  by  hand.  The n i t r a t i o n  m i x t u r e  was  t h e n  removed  
th rough  a glass  fi l tre and  the  n i t r a t e d  samples  were washed  wi th  d i lu te  acet ic  acid cooled down to 

- Io  ° amt  with large q u a n t i t i e s  of d i s t i l l ed  water .  They  were then  left  ove rn igh t  in two  l i t res  of 
d is t i l led  w a t e r  and  the  fol lowing d a y  t h e y  were  boiled twice  in w a t e r  for th ree  hours  under  a 
ref lux condenser  a nd  t h e n  dr ied  over  phosphorus  pen tox ide .  

Osmometric D P n  determinations 

O s m o m e t r i c  D P  n d e t e r m i n a t i o n s  were  m a d e  as descr ibed in an  ear l ier  paper  (LINDBEnG 

AND MEIER14). Since, however ,  i v o r y - n u t  m a n n a n  A has a DPn as low as 15, the  diff icul ty ar ises 
t h a t  "Ul t r ace l l a f i l t e r  a l l e r f e ins t "  (Membranf i l t e rgese l l schaf t  G6t t ingen)  m e m b r a n e s  leak. The 
osmot ic  pressure  t i m e  curves  were therefore  not  ho r i zon ta l  and  had  to  be e x t r a p o l a t e d  to  t i m e  
zero. Accord ing  to  a t h e o r y  of STAVERMANN 15, osmotic  pressures  measu red  wi th  non-se lec t ive  

m e m b r a n e s  are  a l w a y s  too low and  the  va lues  for DPn therefore  too high. To check  the  poss ib i l i t y  
of the  effect p o s t u l a t e d  by  SXAVERMANN'S theory ,  an espec ia l ly  t i g h t  membrane ,  D-6o from 
Membranf i l t e rgese l l scha f t  G6t t ingen ,  was  used para l le l  w i t h  the  "Ul t r ace l l a f i l t e r  a l le r fe ins t" .  The 
m e m b r a n e  D-6o was  t i g h t  for n i t r o m a n n a n  A, bu t  i t  n e e d e d  an e x t r e m e l y  long t i m e  to  reach 
e q u i l i b r i u m  pressure .  The  a p p r o x i m a t e  e qu i l i b r i um rise of a sample  was  therefore  first de t e rmined  
wi th  an "Ul t r ace l l a f i l t e r  a l l e r fe ins t " ,  so t h a t  when  m a k i n g  a m e a s u r e m e n t  wi th  a D-6o m e m b r a n e  
the  meniscus  of the  so lu t ion  could be b r o u g h t  as close as possible  to the  equ i l i b r ium he igh t  a t  
the  s ta r t .  Fig. 14 shows for compar i son  the  curves  for the  he igh t  differences as a func t ion  of t ime  
for one c o n c e n t r a t i o n  of the  n i t r a t e d  sample  IA 2 wi th  "Ul t r ace l l a f i l t e r  a l l e r fe ins t "  and  a 1)-6o 
m e m b r a n e  (so lvent :  acetone) .  As can be seen f rom these  curves  the  equ i l ib r ium he igh t  w i th  
"Ul t r ace l l a f i l t e r  a l l e r fe ins t "  when  e x t r a p o l a t e d  to zero t ime  is not  v e r y  different  f rom the  equi l ib-  

C m  
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~ , -~- D - 6 0  

5 U.atLerf .  

b, , , i 

Fig. :4.  H e i g h t  d i f ference  as  a f u n c t i o n  of  t i m e  for the  n i t ra ted  s a m p l e  I A  1 (1 : .6  g/I ace tone )  
w i t h  the  t w o  m e m b r a n e s  D - 6 o  a n d  "Ul trace l la f i l t er  a l l er fe ins t ."  T h e  c u r v e  "U.  al lerf ."  is e x t r a p -  

o la t ed  to  zero  t ime .  
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r i u m  h e i g h t  fo r  t h e  D - 6 o  m e m b r a n e .  T h e  I ) P  n v a l u e s  g a i n e d  w i t h  " U l t r a c e l l a f i l t e r  a l l e r f e l n s t "  
w e r e  n o t  m o r e  t h a n  a b o u t  .~- o//o t o o  h i g h .  

T a b l e  \ :  s h o w s  t h a t  w i t h  t h e  t w o  s a m p l e s  1.\~ a n d  I B a  w h e r e  t h e  o s m o t i c  p r e s s u r e  w a s  

d e t e r m i n e d  w i t h  a c e t o n e  as  s o l v e n t  a s  wel l  a s  w i t h  b u t y l  a c e t a t e ,  t h e  D P ~  v a l u e s  w e r e  l o w e r  w i t h  
b u t y l  a c e t a t e .  B u t y l  a c e t a t e  is t h e r e f o r e  a b e t t e r  s o l v e n t  t h a n  a c e t o n e  a n d  is t~  b e  p r e f e r r e d .  
S i n c e  t h e  n i t r o g e n  c o n t e n t  o f  m o s t  of  t h e  s a m p l e s  w a s  r a t h e r  low,  i t  is p o s s i b l e  t h a t  t h e  s o l u t i o n s  

w e r e  n o t  c o m p l e t e l y  m o l e c u l a r l y  d i s p e r s e d  a n d  t h e  l)P,~ v a l u e s  h a v e  t h e r e f o r e  a t e n d e n c y  t o  b e  
t o o  h i g h .  
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T h e  s u b m i c r o s c o p i c  s t r u c t u r e  of  d a t e  a n d  i \ o r y - n u t - e n d o s p e r m  cell w a l l s  h a s  b e e n  s t u d i e d  w i t h  
p o l a r i s a t i o n  a n d  e l e c t r o n  l n i c r o s c o p e s ,  T h e  s t r u c t u r e  of  t h e  t w o  m a i n  c o m p o n e n t s  o f  t h e s e  cel l  
wa l l s ,  m a n n a n  \ a n d  m a n n a n  B,  h a s  b e e n  i n v e s t i g a t e d .  M a n n a n  . \  w a s  f o u n d  t o  be  a g r a n u l a r  
m a t e r i a l  t h a t  w a s  X - r a y  c r y s t a l l i n e  b o t h  in t h e  n a t i v e  a n d  in t h e  i s o l a t e d  s t a t e .  N a t i v e  m a n n a n  I/ 
w a s  f o u n d  t o  b e  m i c r o f i b r i l l a r  a n d  t o  s h o w  b i r e f r i n g e n e e ;  i t  w a s  X - r a y  a m o r p h o u s  b o t h  b e f o r e  
a n d  a f t e r  i s o l a t i o n  a n d  p u r i f i c a t i o n .  __ 

T h e  d e g r e e  of  p o l y m e r i s a t i o n  ( D P . )  o f  m a n n a n s  A a n t i  B w a s  d e t e r m i n e d  ~ s m o m e t r i c a l l y .  
T h i s  g a v e  v a l u e s  b e t w e e n  ~7 a n d  2i  fo r  m a n n a n  A a n d  a b o u t  8o fo r  m a n n a n  B.  T h e  a c t u a l  v a l u e s ,  
h o w e v e r ,  m i g h t  b e  s o m e w h a t  l o w e r .  

C a r / ) ( , h v d r a t e  a n a l y s e s  of  t h e  i s o l a t e d  a n d  p u r i f i e d  m a n n a n  A s h o w e d  o n l y  t r a c e s  of  g a l a c t o s c  
a n d  g l u c o s e ; m a n n a n  B - a f t e r  p u r i f i c a t i o n  c o n t a i n e d  6 .6  % of  s u g a r s  o t h e r  t h a n  m a n n o s e .  
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