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The  i n v e n t i o n   r e l a t e s   to  a  process   for  the  r ecovery   o f  

d i s a c c h a r i d e s   from  d i s a c c h a r i d e s   c o n t a i n i n g   tuberous   p l a n t s   acco rd ing   t o  

which  a  s o l u t i o n   of  d i s a c c h a r i d e s   in  water   is  f i r s t   s u b j e c t e d   to  u l t r a -  

f i l t r a t i o n   and  s u b s e q u e n t l y   to  d e i o n i z a t i o n .  

Such  a  p rocess   acco rd ing   to  which  d i f f u s i o n   j u i ce   ob t a ined   by 

e x t r a c t i n g   cut  sugar  beets   with  warm  (35-80°C)  water   is  s u b j e c t e d   t o  

u l t r a f i l t r a t i o n   by  c o n t i n u o u s l y   f i l t r a t i n g   i t   through  a  c e l l o p h a n e   t u b e  

sur rounded  by  o ther   u n a s s a i l a b l e   t i s s u e   tubes  w i th in   a  s t e e l   tube  in  a  

t u r b u l e n t   way  is  known  from  "Warenkennis  en  Techno log ie"   V o l .  4 ,   81 -87  

(1957).   According  to  said  method  a l l   c o l l o i d s   are  kept  w i t h i n   the  t u b e  

wi thou t   c logging   the  membrane  and  f i n a l l y   p ressed   out  o f  t h e   tube.   The 

sugar  s o l u t i o n   c o n t a i n i n g   a l l   the  s a l t s   passes   the  membrane  s t e r i l e   and  

is  removed  through  a  small  opening  in  a  lower  par t   of  the  s t e e l   t u b e .  

The  s o - o b t a i n e d   s t e r i l e   th in   j u i ce   can  be  comple te ly   f reed  of  a l l  

s a l t s   by  means  of  c a t i o n -   and  anion  exchangers   so  tha t   a  s o l u t i o n   i s  

ob ta ined   which  c o m p l e t e l y  c o r r e s p o n d s   with  the  r e f i n e d   j u i c e .   By  w o r k i n g  

in  t h i s   way  a  sugar  is  r e cove red   which  does  not  c o n t a i n   molasses   as  a  

by -p roduc t   which  g e n e r a l l y   c o n t a i n s   at  l e a s t   1/6  of  the  sugar  from  t h e  

beets   and  is  i n f e r i o r   in  comparison  with  s u g a r .  
The  c o l l o i d a l   p roduc t s   which  have  been  removed  s e p a r a t e l y   c o n t a i n  

p r o t e i n s ,   g lu tamic   ac id ,   t h r e o n i n e ,   p r o l i n e   and  phenyl  a l a n i n e   which  a r e  

more  v a l u a b l e   than  m o l a s s e s .  

As  far  as  known  th i s   known  p rocess   is  not  app l i ed   on  t e c h n i c a l  

s c a l e .  

However,  b e c a u s e  t h e   sugar  i n d u s t r y   which  r ecovers   sugar  from  s u g a r  
beets   is  c o n s t a n t l y   c o n f r o n t a t e d   with  i n c r e a s i n g   cos t s   for  energy  and 

w a g e s  t h e   f o l l owing   f a c e t s   of  the  known  p rocess   are  s u b j e c t e d   to  an  

examina t ion   for  promoting  a  more  paying  e x p l o i t a t i o n   v i z .  

a)  is  i t   p o s s i b l e   to  f ind  a  s o l u t i o n   for  the  l i m i t e d   keeping  q u a l i t i e s  

of  sugar  beets   namely  t w o  -   t h ree   months  because  a f t e r   a  l o n g e r  

s t o r a g e   time  the  sugar  con ten t   d e c r e a s e s .  



b)  is  i t   p o s s i b l e   to  ca r ry   out  the  e x t r a c t i o n   of  the  sugar  from  t h e  

tube rous   p l a n t s ,   e s p e c i a l l y   the  sugar  beet   in  a  more  economic  way. 

c)  is  i t   p o s s i b l e   to  s e p a r a t e   the  e x t r a c t   and  the  pulp  more 

e f f i c i e n t l y .  

d)  is  i t   p o s s i b l e   to  remove  the  c o n t a m i n a t i o n s   from  the  sugar  s o l u t i o n  

in  such  a  way  tha t   p u r i f i c a t i o n   by  c r y s t a l l i z i n g   the  sugar  from  s u g a r  
s o l u t i o n s   is  not  n e c e s s a r y   anymore .  

a d . a .  

many  years   ago  p r o p o s a l s   have  been  made  to  improve  the  keeping  q u a l i t i e s  

of  sugar   beets   for  i n s t a n c e   by  blowing  cold  a i r   t h e r e t h r o u g h   a n d / o r  

drying  the  cut  bee ts   and  p r o c e s s i n g   them  dur ing  a  per iod  of  8-9  m o n t h s .  

However,  none  of  these   p r o p o s a l s   have  given  a  s o l u t i o n   which  i s  

a c c e p t a b l e   in  t e c h n i c a l   and  commercial   v i e w .  

a d . b .  

i t   is  e s t a b l i s h e d   p r a c t i c e   to  cut  the  washed  bee ts   into  small  s t r i p s  

( c o s s e t t e s )   and  to  e x t r a c t   these   s t r i p s   with  warm  water .   This  s tage   o f  

the  p rocess   is  c r i t i c a l   for   the  sugar  loss   ba lance .   I t   is  common 

p r a c t i c e   to  ca r ry   out  the  e x t r a c t i o n   with  warm  water  accord ing   to  t h e  

coun te r   c u r r e n t   p r i n c i p l e .   The  sugar  p r e s e n t   in  d i s s o l v e d   form  in  t h e  

j u i c e   of  the  c e l l s   of  the  sugar  beets   can  only  leave  the  c e l l s   when  t h e  

plasma  with  i t s   s emi -pe rmeab le   membrane  is  d e n a t u r a t e d   or  when  the  c e l l  

is  opened  m e c h a n i c a l l y .   When  the  sugar  beets   are  p u l v e r i z e d   in  some  way 
not  only  the  sugar   p r e s e n t   in  the  c e l l s   is  d i s s o l v e d   during  t h e  

e x t r a c t i o n   with  warm  water   from  the  d e s t r o y e d   c e l l s   but  a lso  a l l   k i n d s  

of  u n d e s i r e d   s u b s t a n c e s   p r e s e n t   in  the  c e l l   are  d i s s o l v e d .   Examples  

t h e r e o f   are  p r o t e i n s ,   s a l t s ,   gums  and  polymers .   This  p r e s e n t s   at  t h e  

f u r t h e r   p r o c e s s i n g   so  many  more  problems  than  when  the  c o s s e t t e s   a r e  

s u b j e c t e d   to  an  e x t r a c t i o n   tha t   nowadays  s t i l l   only  beet  c u t t i n g s   a r e  

used  for  the  e x t r a c t i o n .   During  the  c u t t i n g   of  the  beets   only  a  number 

of  c e l l s   are  d e s t r o y e d   but  the  major  par t   remains  undamaged.  F o r  

e x t r a c t i n g   the  sugar   from  the  undamaged  c e l l s   the  c e l l s   should  be  

d e n a t u r a t e d   and  opened  at  e l e v a t e d   t e m p e r a t u r e .   This  change  in  s t r u c t u r e  

is  a l so   i n d i c a t e d   as  p l a s m o l y s i s .   Dependent  on  the  used  t e m p e r a t u r e  
s e v e r a l   phenomena  appear .   At  60°C  the  p ro top lasma   dies  a f t e r   c o n t r a c t i o n  

whereas  the  d e n a t u r a t i o n   at  suddenly  quick  h e a t i n g   at  70°C  takes   p l a c e  

so  f a s t   tha t   the  p r o t e i n s   for  the  main  par t   remain  in  the  o r i g i n a l  

c o n d i t i o n   and  are  f i x a t e d   as  i t   w e r e .  



At  the  e x t r a c t i o n   f i r s t   ju ice   is  washed  out  of  the  damaged  c e l l s .  

Thereby  also  many  c o l l o i d s   d i s s o l v e .   Because  hydra te   water   is  l i b e r a t e d  

dur ing  the  d e n a t u r a t i o n   of  the  beet  p r o t e i n s   which  d r ives   out  j u i ce   a l s o  

a  d i sengagement   of  j u i ce   from  the  i n t e r i o r   of  the  c u t t i n g s   takes   p l a c e .  

The  major  par t   of  the  s u b s t a n c e s   e s p e c i a l l y   s u g a r  p r e s e n t   i n  

d i s s o l v e d   form  in  the  c u t t i n g s   d i f f u s e s   from  the  coheren t   system  o f  

s t r o n g l y   branched  channels   which  is  a v a i l a b l e   for  the  removal  of  t h e  

s u b s t a n c e s   a f t e r   the  e f f e c t e d   d e n a t u r a t i o n   in  the  c e l l   t i s s u e   of  t h e  

bee t s .   For  tha t   reason  th i s   way  of  e x t r a c t i n g   is  i n d i c a t e d   as  " d i f f u s i o n  

p r o c e s s " .   In  the  d e n a t u r a t e d   beet  t i s s u e   a  l i q u i d   exchange  takes   p l a c e  

acco rd ing   to  which  through  the  small  pores  osmotic  water  e n t e r s   and 

through  the  grea t   pores  a  sugar  s o l u t i o n   comes  out  by  means  o f  

h y d r o s t a t i c   p r e s s u r e .   Thereby  the  small  ions  and  molecules   of  o t h e r  

compounds  than  sugar  move  more  qu ick ly   into  the  j u i ce   than  the  l a r g e r  

ions  and  mo lecu le s .   The  behav iour   of  the  c a t i o n s   is  a lso  de te rmined   by 

the  s ize   of  the  an ions .   In  r e s p e c t   to  the  e l e c t r o n   n e u t r a l i t y   of  t h e  

anions  these  may  only  d i f f u s e   in  such  a  way  as  the  d i f f u s i o n   p o t e n t i a l  

is  h igher   than  the  e l e c t r i c   p o t e n t i a l   e f f e c t e d   by  the  s e p a r a t i o n   of  t h e  

charges .   Slower  d i f f u n d i n g   l a r g e r  a n i o n s   r e t a r d   f o r  t h a t   reason  f o r  

i n s t a n c e   the  quick  t r a n s p o r t   per  se  of  the  ions  of  a l k a l i n e   m e t a l s .  

With  r e s p e c t   to  the  p lasmolyse   i t   is  de s i r ed   to  h e a t  t h e   c u t t i n g s  

as  f a s t   as  p o s s i b l e   at  75-80°C.  Thereby  i t   is  p reven ted   tha t   m i c r o -  

organismn  cause  sugar  loss   by  conve r s ion   of  the  p r e s e n t   s u g a r .  
At  those  high  t e m p e r a t u r e s   the  c e l l u l o s e   of  the  c e l l   s t r u c t u r e  

remains  almost  unchanged,   but  the  p e c t i n s   w i l l   swell   and  are  e v e n  

des t royed   in  the  long  run.  When  the  p e c t i n   con ten t   o f  t h e   j u i c e ,   t h e  

e x t r a c t ,   i n c r e a s e s   the  p r o c e s s i n g   of  the  j u i ce   becomes  more  d i f f i c u l t .  

Besides   that   because  of  the  p e c t i n   conve r s ion   the  high  t e m p e r a t u r e s  

produce  s i m u l t a n e o u s l y   a  change  of  the  s t r u c t u r e   of  the  c u t t i n g s .   The 

s q u e e z a b i l i t y   of  the  c u t t i n g   then  becomes  worser  a n d  t h e   c a p i l l a r y  

system  in  the  c e l l   t i s s u e   of  the  c u t t i n g s   is  c losed  by  the  s w e l l i n g  

p roces s .   The  f ine  channels   become  sma l l e r   and  more  or  l ess   c losed   so  

tha t   the  e x t r a c t i o n   of  the  sugar  is  slowed  down  and  g r e a t e r   d i f f u s i o n  

losses   are  o b t a i n e d .  

The re fo re   the  e x t r a c t i o n   is  compl ica ted   and  not  o p t i m a l .  



a d . c .  

for   s e p a r a t i n g   the  e x t r a c t   and  the  pulp  as  good  as  p o s s i b l e   the  pulp  i s  

squeezed  at  the  end  of  the  p rocess   but  in  r e s p e c t   to  the  under  b) 

d i s c u s s e d   c o n v e r s i o n s   in  the  beet   t i s s u e   which  i n h i b i t   the  e x t r a c t i o n   o f  

the  sugar  s t i l l   p r e s e n t   t h e r e i n   no  opt imal   s e p a r a t i o n   could  be  a c h i e v e d  

t i l l   now. 

a d . d .  

the  water   used  for   the  e x t r a c t i o n   should  be  as  pure  as  p o s s i b l e .   I n  

p a r t i c u l a r   the  water   should  not  c o n t a i n   s o l u b l e   subs t ances   which  a f f e c t  

the  p u r i f i c a t i o n   of  the  j u i c e .   E s p e c i a l l y   water   c o n t a i n i n g   a l k a l i n e  

metal   s a l t s   is  d i s a d v a n t a g e o u s   because  such  s a l t s   i n h i b i t   t h e  

c r y s t a l l i z a t i o n   of  l a r g e   amounts  of  sugar  and  i n c r e a s e   thereby   the  n o t  

c o n t e m p l a t e d   molasses   y i e l d .  

For  o b t a i n i n g   an  op t imal   c r y s t a l l i z a t i o n   of  the  sugar  during  t h e  

f u r t h e r   p r o c e s s i n g   the  crude  j u i c e   is  heated  at  85°C  and  mixed  with  an  

excess   of  s laked   l ime.  The  p r e s e n t   f r ee   ac ids   form  t h e r e w i t h   i n s o l u b l e  

s a l t s   which  with  many  o ther   c o n t a m i n a t i o n s   for  i n s t a n c e   p r o t e i n s  

f l o c c u l a t e .   A  pa r t   of  the  lime  forms  calc ium  monosacchara te   and  a n o t h e r  

pa r t   d i s s o l v e s .   The  slimy  p r e c i p i t a t e   cannot  be  f i l t r a t e d .   For  t h a t  

r eason   carbon  d iox ide   gas  and  steam  are  i n t r o d u c e d   so  tha t   t h e  

s a c c h a r a t e  i s   decomposed  and  forms  with  the  d i s s o l v e d   lime  i n s o l u b l e  

ca lc ium  c a r b o n a t e   which  can  be  f i l t r a t e d .  

A f t e r   twice  s a t u r a t i n g   and  f i l t r a t i n g   a  th in   j u i ce   is  o b t a i n e d  

which  c o n t a i n s   about  15  %  by  weight  of  sugar .   This  j u i ce   is  c o n c e n t r a t e d  

under  vacuum  in  a  m u l t i - s t a g e   process   u n t i l   a  s a t u r a t e d   s o l u t i o n   i s  

o b t a i n e d   which  c r y s t a l l i z e s   out  to  the  s o - c a l l e d   "masse  c u i t e "  

c o n t a i n i n g   86  %  of  sugar .   For  o b t a i n i n g   a  product   with  a  sugar  c o n t e n t  

of  a lmost   100  p e r c e n t   the  "masse  c u i t e "   should  be  s e p a r a t e d   from  t h e  

mother  lye  by  c e n t r i f u g a t i o n   a f t e r   which  the  de sc r i bed   o p e r a t i o n   i s  

r e p e a t e d   s e v e r a l   times  with  the  mother  lye  u n t i l   molasses   as  u n d e s i r e d  

b y - p r o d u c t   r e m a i n s .  

I t   was  found  tha t   a l l   above  ment ioned  d i s a d v a n t a g e s   r e s p e c t i v e l y  

problems  can  be  avoided  r e s p e c t i v e l y   solved  by  m e c h a n i c a l l y   reduc ing   t h e  

d i s a c c h a r i d e   c o n t a i n i n g   tube rous   p l an t s   to  a  mush,  e x t r a c t i n g   t h e  

reduced  m a t e r i a l   with  water   of  l ess   than  60°C,  s u b j e c t i n g   i t   f i r s t   to  an 

u l t r a f i l t r a t i o n   and  then  to  a  d e m i n e r a l i s a t i o n   and  c o n c e n t r a t i n g   t h e  

ob t a ined   s o l u t i o n .  



By  reduc ing   the  tuberous   p l an t s   m e c h a n i c a l l y   to  a  mush  the  s u g a r  

p r e sen t   t h e r e i n   does  not  need  to  be  e x t r a c t e d   by  d i f f u s i o n   as  n e c e s s a r y  
with  c u t t i n g s   but  sugar  p r e s e n t   in  d i s s o l v e d   form  in  the  c e l l s   of  t h e  

tuberous   p l an t s   can  be  r i n sed   out  by  simply  washing  with  water  of  l e s s  

than  60°C  of  the  c e l l s   crushed  by  the  mechanica l   t r e a t m e n t .  

Because  water  of  less   than  60°C  is  used  less   non-sugar   components  

are  e x t r a c t e d   than  at  the  under  b)  d e s c r i b e d   e x t r a c t i o n   with  warm  w a t e r .  

For  tha t   reason  a  number  of  the  above  d i s c u s s e d   p u r i f i c a t i o n   o p e r a t i o n s  

can  be  o m i t t e d .  

The  mechanica l   p r o d u c t i o n   of  a  mush  may  for  i n s t a n c e   be  c a r r i e d   o u t  

by  g r a t i n g   with  a  in  the  po ta to   i n d u s t r y   usual   g r a t i n g   a p p a r a t u s ,   a  

c e n t r i f u g a l   pump  with  open  blower  or  an  o s c i l l a t i n g   m i l l ,   h o w e v e r ,  

p r e f e r a b l y   with  the  mentioned  g r a t i n g   a p p a r a t u s .  

Af te r   the  r e d u c t i o n   the  beet  ju ice   and  beet  pulp  are  s e p a r a t e d .  

This  can  be  c a r r i e d   out  more  e f f i c i e n t l y   than  with  the  known  p r o c e s s  
because  during  the  r e d u c t i o n   of  the  tuberous   p l an t s   almost  a l l   c e l l s   a r e  

opened  and  no  d e n a t u r a t i o n   of  non-opened  c e l l s   at  e l e v a t e d   t e m p e r a t u r e  

has  taken  p lace .   S u i t a b l e   s e p a r a t i o n   methods  a r e :  

a.  use  of  a  c e n t r i - s i e v e   with  t u rn ing   baske t ,   in  which  the  c e l l   j u i c e  

can  be  washed  o u t ;  

b.  use  of  a  vacuum  band  f i l t e r ;  

c.  use  of  a  s c r o l l   c o n t a i n i n g   so l id   Bowl  d e c a n t e r .  

Subsequen t ly   the  ob ta ined   s o l u t i o n   is  s u b j e c t e d   to  an  u l t r a -  

f i l t r a t i o n   whereby  a l l   c o l l o i d a l   and  u n d i s s o l v e d   components  remain  i n  

the  r e t e n t a t e .   The  permeate  c o n t a i n s   more  sodium-  and  po tass ium  s a l t s  

than  th in   ju ice   which  is  ob ta ined   accord ing   to  the  c l a s s i c   method 

because  a  c o n s i d e r a b l e   par t   of  the  po tass ium-   and  sodium  s a l t s   which  end 

up  in  the  molasses   accord ing   to  the  c l a s s i c   p rocess   now  comes  in  t h e  

permeate  accord ing   to  the  process   accord ing   to  the  i n v e n t i o n .   F o r  

removing  these  s a l t s   the  permeate  should  be  led  over  an  ion  e x c h a n g e r .  

P r e f e r a b l y   the  reduced  mass  is  f i r s t   s e p a r a t e d   for  the  most  p a r t  

from  the  l i q u i d   p r e sen t   t h e r e i n   and  then  s u b j e c t e d   to  an  e x t r a c t i o n   w i t h  

water  of  at  most  10°C.  

The  con tac t   time  at  the  e x t r a c t i o n  i s  a t  l e a s t  ½   hour  but  such  

con tac t   time  is  seldom  neces sa ry   because  in  fac t   the  e x t r a c t i o n   i s  

momentary  at  the  f i r s t   con t ac t   with  w a t e r .  



F u r t h e r   i t   is  very  i m p o r t a n t   tha t   the  amount  of  water  used  for  t h e  

e x t r a c t i o n   is  chosen  in  such  a  way  tha t   the  ob ta ined   sugar  s o l u t i o n   ha s  

a  sugar   con t en t   of  12-14  %  by  w e i g h t .  

A  f u r t h e r   i m p o r t a n t   advantage   of  the  p r e s e n t   process   is  tha t   t h e  

u l t r a f i l t r a t e d   i on -exchanged   and  c o n c e n t r a t e d   permeate  is  so  pure  t h a t  

for  o b t a i n i n g   of  almost   pure  beet  sugar  the  c r y s t a l l i z a t i o n   does  n o t  

need  to  be  c a r r i e d   out  in  many  s tages   and  f i n a l l y   molasses   is  o b t a i n e d  

as  b y - p r o d u c t .   I t   is  s e l f - e v i d e n t   tha t   the  c o n c e n t r a t e d   s o l u t i o n   can  be  

c o n c e n t r a t e d   and /o r   cooled  to  s a t u r a t i o n   so  tha t   the  sugar  p r e s e n t  
t h e r e i n   c r y s t a l l i z e s   out  but  t h i s   o p e r a t i o n   is  not  n e c e s s a r y   for  t h e  

p u r i f i c a t i o n .   D e l i v e r y   of  pure  c o n c e n t r a t e d   sugar  syrup  is  a l s o  

i m p o r t a n t   for   economic  reasons   because  the re   are  many  t e c h n i c a l   uses  f o r  

sugar   which  s t a r t   with  a  c o n c e n t r a t e d   s o l u t i o n .  

Another   advantage   is  t h a t   accord ing   to  the  p r e s e n t   process   no 

s u g a r - f o r e i g n   s u b s t a n c e s   should  be  added  to  e f f e c t   s p e c i f i c   r e a c t i o n s  

which  s u b s t a n c e s   should  be  removed  again  a f t e r   the  end  of  the  r e a c t i o n .  

The  p r e s e n t   p rocess   is  namely  c a r r i e d   out  w i thou t   the  a d d i t i o n   of  any  
r e a c t i o n   componen t .  

I t   has  appeared   t ha t   bes ides   to  the  abovementioned  advantages   t h e  

p r e s e n t   p rocess   has  ano the r   impor t an t   advan tage ,   namely  tha t   s o - c a l l e d  

mangels  i n s t e a d   of  sugar   bee t s   can  be  used  as  s t a r t i n g   m a t e r i a l .  

Since  many  decenn ia   beet  sugar  is  r ecovered   from  sugar  beets   with  a  

sugar  c o n t e n t   of  16-19 %  by  weigth  by  e x t r a c t i n g   the  sugar  beets   w i t h  

water   in  the  above  d e s c r i b e d   way,  fo l lowed  by  roughly  removing  the  p u l p ,  

t r e a t i n g   the  ob t a ined   p roduc t   with  lime  and  carbon  d ioxide   f o r  

p r e c i p i t a t i n g   the  p e c t i n s   and  albumins  fo l lowed  by  removing  t h e  

p r e c i p i t a t e   c o n c e n t r a t i n g   the  ob ta ined   ju i ce   ( t h in   j u i ce )   by 

e v a p o r a t i o n ,   c r y s t a l l i z i n g   sugar  from  the  s a t u r a t e d   s o l u t i o n   and 

s e p a r a t i n g   the  c r y s t a l l i z e d   s u g a r .  

Up  to  now  i t   was  for  economic  and  p r o c e s s - t e c h n o l o g i c a l   reasons  n o t  

c o n s i d e r e d   p o s s i b l e   to  use  in  the  r ecovery   of  sugar  mangels  with  a  s u g a r  

con ten t   of  only  6-12  %  by  weight  as  s t a r t i n g   m a t e r i a l .   I t   was  namely 

expec ted   t ha t   at  the  p r o c e s s i n g   of  mangels  much  more  pulp  would  be 

o b t a i n e d   than  at  the  p r o c e s s i n g   of  sugar  b e e t s .  



The  roots   of  mangels  con ta in   in  r e s p e c t   to  the  roots   of  sugar  b e e t s  

very  much  sodium,  much  po tas s ium,   l i t t l e   magnesium  and  l i t t l e   c a l c i u m .  

There fo re   the  r a t i o   K + Na  to  Mg +  Ca  is  much  g r e a t e r   than  for  s u g a r  
bee t s .   D e t a i l e d   data  t h e r e a b o u t   are  mentioned  in  "De  o n d e r s c h e i d i n g   van  

s u i k e r b i e t e n r a s s e n   op  grond  van  mine ra l e   s a m e n s t e l l i n g   van  loof  en 
wor te l "   by  P . J .H .   van  Ginneken,  in  "Mededelingen  van  het  I n s t i t u u t   voo r  

S u i k e r b i e t e n t e e l t " ,   Bergen  op  Zoom,  Hol land ,   September  1940,  and  p a r t  

IX -  1939  of  the  same  i n s t i t u t e .  

As  a l r eady   mentioned  in  the  above  under  "ad  d",  the  p resence   o f  

many  sodium-  and  po tass ium  ions  in  the  sugar  c o n t a i n i n g   e x t r a c t   in  t h e  

p rocesses   c a r r i e d   out  up  to  now  is  a  very  d e t r i m e n t a l   aspec t   for  t h e  

economy  of  the  p r o c e s s .  
Moreover  high  po tass ium  con ten t s   promote  the  p r o d u c t i o n   of  much 

m o l a s s e s .  

However,  the  advantages   of  the  use  of  mangels  would  be :  

1)  i n s t e a d   of  payment  for  the  supp l i ed   beets   on  sugar  con ten t   which  i s  

n e c e s s a r y   and  usual   in  the  case  of  sugar  beets   the  p r i ce   of  the  s u p p l i e d  

beets   in  the  case  of  mangels  as  s t a r t i n g   m a t e r i a l   might  be  de te rmined   by 

means  of  the  weight .   The  y ie ld   of  mangels  per  acre  su r f ace   uni t   i s  

namely  much  g r e a t e r   than  the  y ie ld   of  sugar  beets   per  acre  su r f ace   u n i t  

so  tha t   v a r i a t i o n s   in  sugar  con ten t   become  less   i m p o r t a n t ;  

2)  by  using  mangels  as  s t a r t i n g   m a t e r i a l   for  the  recovery   of  beet  s u g a r  
the  p rocess   in  the  sugar  f a c t o r y   might  b e t t e r   be  s t r e a m - l i n e d   b e c a u s e  

the  keeping  q u a l i t i e s   of  mangels  is  at  l e a s t   7  months  whereas  s u g a r  
beets   only  can  be  s to red   for  2  to  3  months.  The  "campagne"  would  be 

extended  t h e r e t h r o u g h   from  i n s t e a d   of  about  3  months  to  about  7  to  10 

mon ths .  

In  th i s   r e s p e c t   i t   is  impor tan t   to  give  some  i l l u s t r a t i o n   w i t h  

r e s p e c t   to  the  d i f f e r e n c e s   between  sugar  beets   and  m a n g e l s .  

Both  spec i e s   of  beets   o r i g i n a t e   from  the  beet  B e t a - v u l g a r i s .   From 

th i s   o r i g i n a l   beet  s e v e r a l   spec ies   have  been  developed  by  mu ta t ions   i n  

the  cause  of  decennia   whereby  the  p r o p e r t i e s   are  d i r e c t e d   to  the  f i n a l  

use.  Thereby  two  a spec t s   are  more  or  less   c o n t r a r y   namely  the  y ie ld   p e r  
su r f ace   uni t   and  the  sugar  c o n t e n t .  

Mangels  or  mangolds  give  the  h ighes t   y i e ld   of  beets   per  s u r f a c e  

uni t   and  also  the  h i g h e s t   y ie ld   of  sugar  per  su r f ace   uni t   but  the  s u g a r  

con ten t   per  beet  is  low  so  that   much  pulp  wi l l   be  ob ta ined   as  



b y - p r o d u c t .   Mostly  they  are  r ipe   very  l a t e   so  they  have  much  f o l i a g e   a t  

the  h a r v e s t   t i m e .  

These  beet   s p e c i e s   u t i l i z e s   the  water   supply  of  the  so i l   much 

b e t t e r   than  o ther   beet  s p e c i e s .   For  tha t   reason  they  are  b e t t e r  

r e s i s t e n t   a g a i n s t   long  pe r iods   of  d ryness .   With  the  same  amount  of  w a t e r  

r e s p e c t i v e l y   n u t r i t i o u s   s u b s t a n c e s   they  produce  more  dry  m a t e r i a l   t h a n  

sugar   b e e t s .   However,  for  the  r ecovery   of  sugar  accord ing   to  the  known 

process   they  are  not  s u i t a b l e   because  the  amount  of  pulp  which  i s  

ob ta ined   per  weight   un i t   of  bee ts   is  c o n s i d e r a b l y   l a r g e r   than  when  s u g a r  
bee t s   are  used  as  s t a r t i n g   m a t e r i a l   and  moreover  the  sugar  conten t   p e r  

weight   un i t   of  bee ts   is  much  l o w e r .  

Sugar  bee t s   posess   a  high  sugar  con ten t   but  give  l ess   beets   p e r  
s u r f a c e   un i t   than  mangels .   The  amount  of  f o l i a g e   t h e r e o f   is  at  t h e  

h a r v e s t   time  much  l e s s   than  t h a t   of  the  o r i g i n a l   B e t a - v u l g a r i s   and  t h e  

mangels  because  they  are  r ipe   e a r l y .   For  the  recovery   of  sugar  they  a r e  

more  s u i t a b l e   than  mangels  because  per  weight  un i t   of  bee ts   less   p u l p  

and  more  sugar   can  be  r e c o v e r e d .  

EXAMPLE  I  

Washed  mangels  were  reduced  with  a  g r a t e r   as  used  in  the  p o t a t o  
s t a r c h   i n d u s t r y .   The  so  ob ta ined   g r a t i n g   or  mush  was  washed  out  w i t h  

water   of  18°C  in  a  c o n t i n u o u s   m u l t i - s t a g e   wash  o p e r a t i o n   accord ing   t o  

the  coun te r   c u r r e n t   p r i n c i p l e   and  then  the  pulp  and  the  l i q u i d   were  

s e p a r a t e d .   This  o p e r a t i o n   was  c a r r i e d   out  with  a  s c r o l l   c o n t a i n i n g  

s o l i d - b o w l   d e c a n t e r .   Three  of  such  d e c a n t e r s   were  used  in  s e r i e s   whereby  

from  the  l a s t   (3rd)  d e c a n t e r   the  d e s u g a r i z e d   and  also  up  to  35  %  by 

weight   of  dry  m a t e r i a l   c e n t r i f u g a t e d   pulp  was  removed.  This  l a s t  

d e c a n t e r   was  fed  with  an  a l r e a d y   p a r t l y   d e s u g a r i z e d   pulp  from  the  second  

s tage   d e c a n t e r   which  was  mixed  with  pure  water  of  10°C.  The  amount  o f  

water   was  minimal  because   the  o p e r a t i o n   was  c a r r i e d   out  accord ing   to  t h e  

coun te r   c u r r e n t   p r i n c i p l e .   That  q u a n t i t y   can  be  determined  by 

c a l c u l a t i o n   with  a  t o l e r a n c e   of  a  c e r t a i n   sugar  loss   in  the  pulp  when  i t  

is  known  tha t   t h i s   pulp  from  the  t h i r d   s tage   is  e a s i l y   c e n t r i f u g a t e d   t o  

35  %  by  weight   of  dry  m a t e r i a l .  

The  same  o p e r a t i o n   was  r epea t ed   th ree   t imes.   From  the  f i r s t   s t a g e  

d e c a n t e r   a  c e l l   j u i c e   was  ob ta ined   which  was  used  as  feed  for  t h e  

u l t r a f i l t r a t i o n .  



The  f i r s t   s tage  was  fed  with  mush  from  the  g r a t e r   which  was  mixed 

with  d i l u t e d   c e l l   j u i ce   from  the  second  s t a g e .  

At  the  u l t r a f i l t r a t i o n   a  permeate  and  a  r e t e n t a t e   were  o b t a i n e d .  

The  r e t e n t a t e   con ta ined   p r o t e i n s ,   p e c t i n s   and  gums  which  f o r  

i n s t a n c e   were  mixed  with  the  ob ta ined   d e s u g a r i z e d   pulp  and  sold  a s  
c a t t l e - f o d d e r .  

The  permeate  was  f u r t h e r   p u r i f i e d   by  l ead ing   it   over  ion  e x c h a n g e r s  

and  t r e a t i n g   it   with  d e c o l o r i z i n g   a b s o r b e n t i a .  

The  so  ob ta ined   very  pure  sugar  syrup  is  d i r e c t l y   f i t   for  human 

c o n s u m p t i o n .  

EXAMPLE  I I  

The  mush  from  the  g r a t i n g   appa ra tu s   of  example  I  was  d e s u g a r i z e d  

and  dewatered  by  means  of  a  m u l t i - s t a g e   c o u n t e r - c u r r e n t   washing  i n  

c e n t r i f u g a l   s i e v e s .  

Subsequen t ly   the  d e s u g a r i z e d   pulp  was  f u r t h e r   squeezed  f o r  

a d j u s t i n g   the  water   con ten t   and  t h e r e f o r e   the  sugar  loss  on  a  economic  

l e v e l .  

The  so  ob ta ined   somewhat  d i l u t e d   c e l l   ju ice   was  p rocessed   in  t h e  

same  way  as  d e s c r i b e d   in  example  I .  

EXAMPLE  I I I  

1000  kg  of  mangels  were  reduced  to  a  mush  with  a  g r a t e r   as  used  i n  

the  po ta to   s t a r c h   i n d u s t r y .   This  mush  was  d i r e c t l y   s e p a r a t e d   into  490  kg 

of  pulp  and  900  kg  of  ce l l   j u i ce   in  a  c e n t r i f u g e .   Thereby  a  washing  w i t h  

390  kg  of  water  of  9°C  was  c a r r i e d   out  to  d e s u g a r i z e   the  pulp  as  much  a s  

p o s s i b l e .   The  somewhat  d i l u t e d   c e l l   ju ice   was  s u b j e c t e d   to  a  

combinat ion   of  u l t r a f i l t r a t i o n .   Before  the  d i a f i l t r a t i o n   90  kg  of  w a t e r  

of  9°C  were  added  to  d i l u t e   the  89  kg  of  r e t e n t a t e   of  the  f i r s t  

u l t r a f i l t r a t i o n   and  to  d e s u g a r i z e   i t   for  the  most  p a r t .  

The  f i n a l   r e t e n t a t e   con ta ined   only  1%  by  weight  of  sugar.   The  so 

p u r i f i e d   permeate  or  f i l t r a t e   with  a  mass  of  900  kg  con ta ined   9.7  %  by 

weight  of  sugar  ( p o l a r i m e t r i c )   and  13.4  (w/w)  %  of  dry  m a t e r i a l .  

The  con ten t   of  i n v e r t   sugar  was  5.4  (w/w)  %  on  the  bas is   of  the  d r y  

m a t e r i a l .  

This  p u r i f i e d   j u i ce   was  then  d e m i n e r a l i z e d   by  means  of  s u b s e q u e n t l y  

a  c a t i on   exchange  r e s i n   and  an  anion  exchange  r e s i n .   This  p u r i f i e d   j u i c e  

was  almost  c o l o u r l e s s   and  con ta ined   only  5  (w/w)  %  non-sugar   s u b s t a n c e s  

on  the  bas is   of  the  dry  m a t e r i a l   c o n t e n t .  



This  j u i c e   was  c o n c e n t r a t e d   in  an  e v a p o r a t o r   to  71  (w/w)  %  d r y  

m a t e r i a l  c o n t e n t .   The  whi te   sugar   ob ta ined   by  c r y s t a l l i z a t i o n   was  o f  

e x c e l l e n t   q u a l i t y   and  was  not  second  to  o ther   g r a n u l a t e d   s u g a r .  

EXAMPLE  IV 

450  kg  of  mangels  were  reduced  to  p ieces   with  a  g r e a t e s t   s ize   o f  

8  cm.  by  means  of  a  c u t t i n g   a p p a r a t u s .   These  be forehand   reduced  p i e c e s  

were  s u p p l i e d   by  means  of  a  screw  pump  to  a  homogenizer   for  g r i nd ing   t h e  

bee ts   to  a  mush.  

This  mush  was  then  t r e a t e d   in  the  same  way  as  d e s c r i b e d   in  example  

I I I .  

EXAMPLE  V 

600  kg  of  mush  or  g r a t i n g   (v ide   example  I I I   and  V)  was  d e s u g a r i z e d  

in  a  quick  t u r n i n g   s i e v e .   The  d e s u g a r a t i o n   was  c a r r i e d   out  in  f o u r  

s t ages   whereby  the  pulp  mass  was  c o u n t e r - c u r r e n t   to  the  j u i c e .  

The  pulp  in  the  l a s t   s tage   was  d e s u g a r i z e d   with  235  kg  water   o f  

3°C.  The  c e n t r i f u g a t e   of  t h i s   f o u r t h   s tage   was  used  to  d e s u g a r i z e   t h e  

c e n t r i f u g a t e d   pulp  from  the  second  s t age .   This  was  done  in  the  t h i r d  

s t age .   The  c e n t r i f u g a t e   was  led  to  the  c e n t r i f u g a t e d   pulp  from  the  f i r s t  

s tage   and  the  pulp  from  the  t h i r d   s tage   was  led  to  the  f o u r t h   s t a g e .  

The  mix tu re   of  c e n t r i f u g a t e s ,   coming  from  the  t h i r d   s tage   and  p u l p  

of  the  f i r s t   s tage   were  dewatered   in  the  second  s t a g e .  

The  j u i c e   from  the  second  s tage   was  jo ined   with  u n d i l u t e d   c e l l  

j u i c e   from  the  f i r s t   s t age .   In  t h i s   way  a  somewhat  d i l u t e d   c e l l   j u i c e  

(520  kg)  was  o b t a i n e d ,   which  was  led  to  the  u l t r a f i l t r a t i o n   for  t h e  

f i r s t   p u r i f i c a t i o n   with  r e s p e c t   to  p r o t e i n s ,   gums  and  p e c t i n s .  

The  f u r t h e r   p r o c e s s i n g   was  c a r r i e d   out  as  d e s c r i b e d   in  example  IV. 

Also  in  t h i s   case  a  g r a n u l a t e d   sugar  with  a  good  q u a l i t y   as  in  t h e  

p r eced ing   examples  was  o b t a i n e d .  



1.  A  p rocess   for  the  recovery   of  d i s a c c h a r i d e s   from  d i s a c c h a r i d e s  

c o n t a i n i n g   tuberous   p l a n t s   accord ing   to  which  a  s o l u t i o n   o f  

d i s a c c h a r i d e s   in  water  is  s u b j e c t e d   f i r s t   to  u l t r a f i l t r a t i o n   and  then  t o  

ion  exchange,   c h a r a c t e r i z e d   by  m e c h a n i c a l l y   reduc ing   the  tuberous   p l a n t s  

to  a  mush,  e x t r a c t i n g   the  reduced  m a t e r i a l   with  water  of  l ess   than  60°C,  

s u b j e c t i n g   the  e x t r a c t   f i r s t   to  an  u l t r a f i l t r a t i o n   and  then  to  a  

d e m i n e r a l i s a t i o n   and  c o n c e n t r a t i n g   the  ob ta ined   s o l u t i o n .  

2.  The  process   accord ing   to  claim  1,  c h a r a c t e r i z e d   by  f i r s t  

removing  the  l i q u i d   p r e s e n t   in  the  g ra t ed   tuberous   p l an t s   for  the  main  

par t   and  then  s u b j e c t i n g   i t   to  an  e x t r a c t i o n   with  water  of  at  most  

10°C. 

3.  The  p roces s   accord ing   to  claim  1  or  2,  c h a r a c t e r i z e d   by  c a r r y i n g  

out  the  e x t r a c t i o n   with  water  of  at  most  10° C  and  dur ing  a  con tac t   t i m e  

of  at  most  0.5  h o u r .  

4.  The  process   accord ing   to  any  of  the  claims  1-3,  c h a r a c t e r i z e d ,  

by  c a r r y i n g   out  the  e x t r a c t i o n   with  such  an  amount  of  water  tha t   t h e  

ob ta ined   sugar  s o l u t i o n   has  a  sugar  con ten t   of  12-14  %  by  w e i g h t .  

5.  The  process   accord ing   to  any  of  the  claims  1-4,  c h a r a c t e r i z e d ,  

by  using  mangels  with  a  sugar  con ten t   of  6-12  %  by  weight  as  t u b e r o u s  

p l a n t s .  
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