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The husk of cotton seeds  has  long been used as a raw m a t e r i a l  for  the hydro lys i s  indust ry .  It has 
been shown prev ious ly  (Sc ien t i f i c -Resea rch  Insti tute of the Chemis t ry  and Technology of Cotton Cellulose,  
Tashkent)  that  the s t ems  of the cotton plant a r e  a lso  suitable fo r  this  purpose .  

Both the husk of the seeds  and a lso  the s t ems  of the plant a re  r ich in pentosans  [1-6], but the chemi -  
cal  s t r u c t u r e s  of these  po lysaccha r ides  have not been studied. 

The p r e sen t  paper  gives the r e su l t s  of the isolat ion of the xylans f rom the s t ems ,  va lves ,  and seed  
husk of the cotton plant,  and a lso  the p r o p e r t i e s  of these  subs tances .  The invest igat ion was p e r f o r m e d  with 
samples  of cotton plant of va r i e ty  108-F of Gossypium h i r su tum (family  Malvaceae} f r o m  the exper imenta l  
pa r t  of the Botanical  Gardenof  Tashkent  State Univers i ty .  The xylans f rom the plant organs  were  isola ted 
in the following way: F i r s t  the plant raw m a t e r i a l  was exhaust ively  ex t rac ted  with water ,  with the r e m o v a l  
of the wa te r - so lub le  po lysacchar ides ;  then the res idue  was ex t rac ted  with 7% caust ic  soda at room t e m p e r a -  
tu re  (xylan A} andupon heat ing by  abo i l ing -wa te r  bath {xylan B). The xylans were  p rec ip i t a ted  f r o m  the 
alkaline solutions with Fehl ing ' s  solution. The i r  yields (in %} a re  given below: 

Plant organs  Xylan A Xylan B 
Stems 8.9 7.1 
]3oli va lves  6.9 4.8 
Seed husk 13.2 8.7 

The xylans i so la ted  were  purif ied by reprec ip i t a t ion  f rom aqueous solutions with ethanol and were  de-  
mine ra l i zed  by d ia lys is  against  dis t i l led wa te r .  Xylans A were  studied fur ther .  

To obtain monod i spe r se  p r epa ra t i ons  of the xylans we used the prec ip i ta t ion  of the po lysacchar ides  
f rom aqueous solutions with ethanol of different  concentra t ions  [7] (Fig.  1}. As can be seen  f rom Fig. 1, the 
bulk of the xylans was p rec ip i t a ted  in a fa i r ly  nar row range  of ethanol concent ra t ions .  The fourth and fifth 
f rac t ions  of the xylans were  used  for  the subsequent expe r imen t s .  

The homogenei ty  of these  s amples  of xylans was checked by gel f i l t ra t ion on Sephadex G-75 [8]. The 
r e su l t s  of th is  p r o c e s s  conf i rmed  the i r  homogenei ty  (Fig. 2}. 

The r e su l t s  of the ch roma tog raphy  of hydro lyza tes  of the initial  xylans and of the third,  fourth, and 
fifth f rac t ions  obtained in the ethanol f ract ionat ion,  and a lso  of the fourth and fifth f rac t ions  obtained in gel 
f i l t ra t ion  showed that  they  were  comple te ly  ident ical  (Fig.  3). The xylans i so la ted  in this way had the fo~m 
of s l ight ly yel lowish powders  which d isso lved  slowly in hot water ;  they were  opt ical ly act ive  (Table 1}. 

The mo lecu l a r  weights of the xylans were  de te rmined  v i s cos ime t r i c a l l y  and f r o m  the yield of f o rmic  
acid on per todate  oxidation. 

As Table  1 shows, the xylans of each organ  of the cotton plant d i f fer  f r o m  each other ,  both in mo lec -  
u la r  weight and in optical  act ivi ty.  

As is well  known [9], only l evo ro ta to ry  xylans have been isola ted f r o m  the plant.  We have es tab l i shed  
that  dex t ro ro t a to ry  xylans a r e  p re sen t  in the s t ems  and in the boll  valves  of the cotton plant Gossypium 
h i r su tum.  However ,  the xylan f r o m  the seed  husk ro ta t e s  to the left .  This  is the f i r s t  t i m e  that  the two op-  
t i ca l  i s o m e r s  of xylan have been found in the s a m e  plant.  
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Fig. 1. Results of the fractionation of cotton xylans by precipi ta-  
tion with ethanol of increas ing concentration: 1) xylan f rom the 
s tems;  2) xylan f rom the boll valves; 3) xylan f rom the seed husk. 

Fig.  2. Results of the gel f i l trat ion of the cotton xylans on 
Sephadex G-75 (symbols as for Fig. 1). 

. TABLE 1 

Plant organs 

Stems 

Boil valves 
Seed husks 

Method of determining molecular weights 
viscosimetric oxidation 

mol. wt. DP mol. wt. DP 

8 300+500 64--67 7 900_+500 60--65 

15800_+300 120--122 15300_+400 116--119 
II 600_+300 87--90 II 900:I:300 90--93 

[~1 ~, deg 

4 79 

÷68 
- 2 3 . 7  

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

Chromatographic analysis was performed on Whatman No. I paper in the solvent system ethyl acetate- 
acetic acid-formic acid-water (18 : 3 : I : 4), with aniline phthalate as the chromogenic agent. Radial chro- 
matograms were made with an exposure time of 12 h, being run twice. The hydrolyzate was evaporated at 
a t empera tu re  not exceeding 45°C. 

Extraction of the Plants with Water .  The comminuted defatted plant mater ia l  (1 kg) was exhaustively 
extracted with water  at the boil. 

Extraction of the Plant with 7% Caustic Soda. The residual  plant raw mater ia l  after  extraction with 
water  was extracted at room tempera tu re  with 7% caustic soda solution until extraction was complete (as 
determined by react ion with Fehling' s solution). Then extraction was continued with heating in the boiling- 
water  bath until it was again complete.  

Isolation of the Xylan f rom the Alkaline Solutions. The alkaline extracts  obtained at room t e m p e r a -  
ture were  combined and acidified with hydrochlor ic  acid to a weakly acid reaction.  Methanol (two volumes) 
was added to the solution. The precipi tate  that deposited was separated off, washed with methanol, and dis-  
solved in 5% caustic soda solution. Fehling' s solution was added in small  portions to the alkaline solution 
until the formation of a precipi tate  ceased.  The precipi tate  was f i l tered off, washed with water,  and ground 
in a m o r t a r  with a smal l  amount of dilute hydrochlor ic  acid (1 : I) with ice cooling. After the decomposition 
of the copper complex, the xylan was precipi tated by the addition of two volumes of methanol. The p re -  
cipitate was f i l tered off and was washed with cold water  to neutral i ty and then with methanol.  For  pur i f ica-  
tion, the xylan was repeatedly reprecipi ta ted f rom aqueous solution with methanol. The purified xylan was 
demineral ized by dialysis against distilled water ,  precipi tated with methanol, f i l tered off, washed with the 
alcohol and with ether,  and dried over  phosphorus pentoxide (xylan A). 

The xylan f rom the alkaline solutions obtained by extraction with heating in the boiling-water bath was 
isolated in the same way (xylan B). 

Fract ionat ion of the Xylans by Precipi tat ion with Increas ing Concentrations of Ethanol. A solution 
of 1 0 g  of xylan in 1 l i ter  of hot water  was left to stand for 12 h. The small  amount of precipi tate  that 
fo rmed  was separated off in the centrifuge, washed with ethanol and ether,  dr ied over phosphorus pentoxide, 

2 8 8  



\ 

Fig.  3. C h r o m a t o g r a m s  of hydro lyza tes  of co t -  
ton xylans (symbols  as  in Fig.  1). 

and weighed. The res idua l  solution was then t r e a t e d  
with 100 ml  of ethanol,  and the p rec ip i t a t e  was s epa -  
r a t ed  off. The opera t ion was repea ted  until  no fu r the r  
p rec ip i t a t e  f o r m e d  on the  addition of ethanol.  

Gel F i l t ra t ion  of the Xylans on a Column of 
Sephadex. A solution of 0.2 g of xylan in 200 ml  of 
hot wa te r  was pa s sed  through a column of Sephadex 
G-75 (25x 60 mm}. The po lysacchar ide  was eluted 
with water ,  100-ml  f rac t ions  being col lected.  The 
f rac t ions  were  evapora ted  in vacuum to sma l l  volume 
and were  prec ip i ta ted  with methanol .  The p rec ip i t a te  
that  deposi ted was s epa ra t ed  off in a centr i fuge,  washed 
with methanol  and with e ther ,  dr ied,  and weighed. The 

f i r s t  t h r ee  f rac t ions  of the eluate contained only a very  smal l  amount of xylan, and t h e r e f o r e  the to ta l  yield 
of the t h r ee  f rac t ions  was de te rmined .  F o r  the s ame  reason ,  the total  yield of xylan f r o m  the fifth to eighth 
f rac t ions  was de t e rmined .  

Hydro lys i s  of the Xylan.  A 50-mg (or, for  the f rac t ions  f r o m  the Sephadex, 25-mg} f rac t ion  of the 
xylan in 20 ml  of 1 N sulfur ic  acid was heated at 100°C for  10 h. Then the hydrolyza te  was neut ra l ized  with 
ba r ium hydroxide.  The p rec ip i t a te  was f i l t e red  off and carefu l ly  washed with wate r .  The f i l t r a t e  and the 
wash water  were  combined and evapora ted  to a syrup.  The syrup  was ch romatographed .  

Determina t ion  of the Molecular  Weight of the Xylan. A. Viscos i rne t r ica l ly .  For  th is  purpose ,  a so lu-  
t ion of xylan in Schwei tze r ' s  r eagen t  with a concentra t ion of 0.001% was p r e p a r e d .  The c h a r a c t e r i s t i c  v i s -  
cos i ty  was de te rmined  in an Ostwald v i s c o m e t e r .  The mo lecu l a r  weight was ca lcula ted  by means  of Staud- 
i n g e r ' s  equation [10]. The constant  K for  xylan is 5 "10 -4 [11]. 

B. Per ioda te  Oxidation Method., A sample  of xylan (50-70 mg} was dissolved in water ,  30 mg of so -  
dium t e t r ahyd robo ra t e  was added, and the  mix tu re  was left  fo r  48 h. The excess  of t c t r ahyd robo ra t e  was 
decomposed  with acet ic  acid,  br inging the pH to 5.5. Then the solution was cooled to 5°C, 5 m l  of 0.5 M 
solution of sodium me tape r ioda t e  was added, the volume of the solution was made up to 25 ml ,  and it was 
left  for  oxidation in the da rk  at 5°C. After  eve ry  12 h, the consumption of per ioda te  (in an individual ex-  
periment} was de te rmined  by t i t r a t ion  with sodium a r sen i t e  [12]. 

The oxidation of the xylan was continued until the concentra t ion of per ioda te  in the reac t ion  mix tu re  
had become  constant .  

To de te rmine  the amount  of f o rmic  acid, an aliquot of the reac t ion  mix tu re  (2 mD was dissolved in 
20 m l  of wate r ,  and 0.5 ml  of ethylene glycol  was added dropwise  to decompose  the excess  of per ioda te .  
The f o r m i c  acid was t i t r a t ed  with 0.01 N caust ic  soda in the p r e sence  of Methylene Red. 

The number  of units in the po lysacchar ide  molecule  was ca lcula ted  by means  of the fo rmula  given by 
Stepanenko [13]. The speci f ic  rotat ion of the  xylan was m e a s u r e d  in 2~0 caus t ic  soda solution (c 0.1%} a f t e r  
the solution had been kept for  a day. 

S U M M A R Y  

1. The specif ic  ro ta t ions  and m o l e c u l a r  weights of the xylans isola ted f r o m  the s t ems ,  boll valves ,  
and seed  husks of the cotton plant Gossypinm h i r su tum (family Malvaceae) have been de te rmined .  

2. The homogenei ty  of the xylan p r epa ra t i ons  has been shown by the i r  f rac t ionat ion by prec ip i ta t ion  
f r o m  aqueous solutions with inc reas ing  concentra t ions  of ethanol and by gel f i l t ra t ion on Sephadex G-75. 

3. Dex t ro ro t a to ry  xylans have been isola ted f rom the plants  and the s imul taneous  p r e s e n c e  of the 
opt ical  i s o m e r s  of the xylans in the one plant has been es tab l i shed  for  the  f i r s t  t ime .  
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