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The resu l t s  of a study of the mechan i sm of per ioda te  oxidation have beengiven  in a number  of pape r s  
[1]. The synthesis  of polyaldehyde der iva t ives  of s t a rch  [2] and of cel lulose [3] has  been descr ibed .  The 
oxidation of xylans has been pe r fo rmed ,  in the main,  with the a im of cha rac te r i z ing  the i r  s t r uc tu r e s  [4]. 
The nature of the se lec t ive  oxidizabil i ty of the res idues  of var ious  monosacchar ides  fo rming  the links of 
the xylan mac romolecu l e  has been l i t t le  studied [5, 6], and the s t ruc tu re  of the polyaldehydes f rom these  
compounds is not c l ea r .  

We have subjected to oxidation with sodium per iodate  xylans having different  s t ruc tures :  the a r a b o -  
glucuronoxylan of wheat s t raw of va r i e ty  OD-16 and the 4-O-methylg lucuronoxylan  of the wood of Platanus 
or ien ta l i s .  

The xylans were  isola ted f r o m  the initial raw m a t e r i a l  by alkaline ext rac t ion.  They were  purif ied by 
th ree  reprec ip i ta t ions  via the copper  complex.  The chaJ:acter is t ics  of the p l a n e - t r e e  and s t raw xylans were  
as  follows: mo lecu l a r  weights 30,000 and 16,000, r espec t ive ly ,  DP 220 and 120, [ a ] ~ - 6 4  and - 5 8  °. Ac- 
cording to c h r o m a t o g r a p h y  the quanti tat ive composi t ion of a hydrolyzate  of the s t r aw xylan was 85% of D- 
xylose,  7% of L -a rab lnose ,  and 8% of D-glucuronic  acid, and that  of the plane xylan was 90% of D-xylose  and 
10% of 4 -O-me thy l -D-g lucu ron ic  acid.  

When the xylans were  t r e a t ed  with sodium per iodate ,  the po lysacchar ides  gradual ly  dissolved.  To 
obtain the ox id izedxy lans ,we  used  f reez ing  out, d ia lysis ,  and pas sage  through ion-exchange r e s in s .  The 
d ia lys is  method p roved  to be the mos t  suitable in re la t ion  to the yield and pur i ty  of the product .  As the 
analys is  of the w a s h - w a t e r s  a f t e r  d ia lys is  showed, degradat ion of the po lysacchar ide  takes  place during 
oxidation: the dia lyzate  contained xylose  and o l igosacchar ides .  

The consumption of NalO 4 was de te rmined  in each individual case  ( iodometrical ly}.  The polyaldehyde 
iso la ted  was c h a r a c t e r i z e d  by i ts  yield, by the propor t ion  of carbonyl  groups in it (by the hydroxylamine 
method}, and by the number  of unoxidized monose  res idues  (hydrolysis  and chromatography}.  

The resu l t s  of the exper iments  a r e  given in Tab les  1 and 2. 

The max imum oxidation of p l a n e - t r e e  xylan under  our exper imenta l  conditions was achieved a f t e r  96 
h, amounting to 83% of theore t ica l .  The consumption of per iodate  r emained  constant  for  96 and 120 h, and 
a f t e r  the action of NaIO 4 for  120 h a p r o c e s s  of overoxidat ion took place  vigorously,  as was shown by an in-  
c r ea se  in the consumption of per ioda te  and a dec rease  in the amount of aldehyde groups.  The uronic acid 
res idues  p resen t  at branchings were  oxidized f i rs t ;  the r a t e  of t he i r  degradat ion was fa i r ly  high, since a f t e r  
oxidation for  only 5 hours  only t r a c e s  of them remained ,  and then they d i sappeared  comple te ly .  The amount 
of xylose,  which dec rea sed  sharp ly  at the beginning of the oxidation, r emained  constant a f t e r  48 h. A hy- 
d ro lys i s  of the polyaldehyde took p lace  in para l le l .  With an inc rease  in the t ime  of oxidation, the number  of 
glycosidic  bonds dec rea sed  through ring opening and r e s i s t a n c e  to hydrolys is  decreased ,  the glycosidic  
bonds adjacent  to earboxyl  groups being hydrolyzed f i r s t  [1]. 

The inc reased  ra te  of oxidation of the uronic  acid res idues  and the "overoxidat ion" a r e  apparent ly  due 
not only to the c leavage of the C 2 - C  3 bonds with the format ion  of a der iva t ive  of the monoaldehyde of me th -  

M. V. Lomonosov Odessa  Technological  Insti tute of the Food Industry.  Trans la ted  f rom Khimiya 
Pr i rodnykh  Soedinenii, No. 1, pp. 6-9, J a n u a r y - F e b r u a r y ,  1973. Original  a r t i c l e  submit ted May 12, 1972. 

© 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

4 



TABLE 1. Charac ter i s t ics  of the Polyaldehydes 
of P l ane -Tree  Xylan 

Consum~ Amt. of Yieldof 
Time of ofNaIO~/ alde- lP~dY- d 

o ,o 
Uon, h . groups,"/~% , 

5 0,69 5,30 

24 0,72 7,80 
48 0,78 17,30 
96 0,84 31,90 

120 0,84 30,00 
144 1,00 28,00 
168 1,20 24,30 

Monosaccharide 
composition, % 

9 IUronic acid, traces 
] of xylose 64 

12 INot d~t. 
32 Xylose 12 

Xylose 10 
Xylose 11 

3~ Xylose 10 
Xylose 11. 

TABLE 2. Charac ter i s t ics  of the Polyaldehydes 
of Wheat-Straw Xylan 

24 
48 

96 

144 

168 

Consum[~ 
Time, of NalO# 
h 

msid, 
Pol 

0,77 

24 1,10 

Amt. of IYield of ] 
alde- Ipoly- [ 
hyde _ l aldehydel 
gr°ups'9° 1% t 

Content of unox- 
idized monose 
resid., % 

raldehyde A 
17,5 

24,2 

60 

15 

Uronic acid, ~aces 
of arabinose 2.7; 
xylose 47.0 

Arabinose 2.0; 
xylose 14.0 

Polyaldehyde B 

0,77 1,0 

1,10 
1,20 

5,5 
7,0 

1,20 28,0 

1,30 12,0 

1,40 9,0 

3,0 

5,0 
12,0 

12,0 

12,0 

12,0 

Uronic acid, traces 
of arabinose 3.10; 
xylose 30.0 

Arabinose 2.2; 
xylose 4.6 

Arabinose 2.3; 
xylose 5.0 

Arabinose 3.1; 
xylose 11.5 

Not det. 

through a bond with one of the c~-glycol hydroxyls.  
aldehyde A, has the external  form of a crystal l ine substance. Its yield is low and remains constant after  
oxidation for  24 h. The maximum amount of aldehyde groups is 28%, and then it decreases  with an increase  
in the consumption of periodate,  which is charac te r i s t ic  for the p rocess  of overoxidation [7, 8]. This fact 
is confirmed by the increase  in the number of carboxyl groups in polyaldehyde B from 4.3% after oxidation 
for 96 h to 5.3% at 144 h, with a simultaneous decrease  in the amount of aldehyde groups.  In this case, no 
appreciable destruction of the polyaldehyde takes place, since its yield remains  constant.  

oxytar tar ic  acid ,but also to hydrolysis  of the poly- 
aldehyde. During the oxidation, an ever - inc reas ing  
number  of pyranose  rings open. The aldehydes 
form,  and then the carboxy groups in the a pos i -  
tions to the semiaeetal  bond reduce its stability. The 
bond mentioned hydrolyzes  f i rs t  [1]. This explains 
the sharp decrease  (from 60 to 30%) in the yield of 
polyaldehyde af ter  dialysis .  

The oxidation of the araboglucuronoxylan takes 
place in a somewhat different manner .  While on oxi- 
dation the p lane- t ree  xylan passes  into solution com- 
pletely af ter  only 5 h, the same process  takes place 
gradually for s t raw xylan and is complete only after  
oxidation for  24 h. Consequently, we investigated 
two fract ions of the xylan: a par t ia l ly  oxidized but 
not yet dissolved polyaldehyde A and a dissolved poly-  
aldehyde B, which was isolated from the solution by 
dialysis (Table 2). 

The yield of polyaldehyde A fell f rom 90% after 
oxidatior, for 1 h to 15% after  24 h. The amount of 
carbonyl  groups rose  to 28%. No glucuronic acid was 
present  after  oxidation for  5 h. The arabofuranose 
residues are  more  res is tant  to oxidation, some of 
them remaining unoxidized for  168 h. This res is tance  
is probably due to the presence  of a furanose ring 
and to the eonformational s t ruc ture  of the arabinose.  
The lower rate  of oxidation of the arabinose residues 
in comparison with the uronic acids is due to the in- 
fluence of the t r a n s - ~ - d i o l  groupings in the mole-  
cules and to the fact that they are  present  in the 
furanose form.  

The incomplete oxidation of the xylose residues 
depends on the presence  of side branches formed 

Polyaldehyde B, in contrast  to the amorphous poly-  

EXPERIMENTAL 

The isolation and purification of the 4-O-methylglucuronoxylan of the plane and of the araboglucuron- 
oxylan of wheat straw were performed by a previously described method [9]. 

The periodate oxidation of the xylan was performed with a 0.3 M aqueous solution of NaIO 4 at room 
temperature in the dark with periodic shaking for various times - from 5 to 144 h. In each case, ethylene 

glycol was added to the solution obtained and it was dialyzed against running water for several days until 
the reaction for iodine was negative (Beilstein test). The dialyzate was evaporated to a pasty state and was 
dried in vacuum. The polyaldehyde A was separated from the solution of the oxidant by filtration. 

Determination of the Monosaccharide Compositions of the Polyaldehydes. The polyaldehydes were 
hydrolyzed with 2% HCI for 4 h in the boiling-water bath under reflux. The carbohydrate composition of 
the hydrolyzate was determined by paper chromatography in the benzene-butan-l-ol-pyridine-water 
(I : 5 : 3 : 3) system with aniline phthalate as the ehromogenie agent. 



S U M M A R Y  

1. The ra te  of oxidation of xylan with sodium per iodate  depends on the amount of oxidizable mono-  
sacchar ide  res idues  fo rming  its  l inks and on the i r  quantitative ra t io .  

2. The ra te  of oxidation of monosacchar ide  res idues  of the s t ruc tu ra l  links of the xylans is d e t e r -  
mined by the i r  s t ruc tu re .  

3. The highest  r a t e  of oxidation is cha r ac t e r i s t i c  for  D-glucuronic acid res idues  and the lowest  for  
L -a r abo fu ranose  r e s idues .  
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