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A  process  for  the  manufacture  of  a  sweetener  based  on 
milk,  in  which  lactose  is  hydrolysed  while  being  transformed 
to  glucose  and  galactose  by  means  of  a  strongly  acidic  cation 
exchanger  having  a  cross  linking  degree  of  between  5  and  10 
%  in  a  parallel  flow  of  a  lactose  solution  through  a  fixed  bed 
of the  strongly  acidic  cation  exchanger,  whereby the  hydroly- 
sis  is  run  to  a  hydrolysing  degree  of  40-100  %  at  a 
temperature  of  80-150°C  or  preferably  90-120°C  and  with  a 
flow  cycle  speed  of  between  2  and  0,5  bed  volumes  per  hour 
corresponding  a  cycle  speed  of  transforming  lactose  to 
glucose  and  galactose  of  between  0,5  and  2  hours,  whereup- 
on  the  glucose-galactose  product  thereby  obtained  is  cooled 
to  a  temperature  of  10-20°C  and  is  withdrawn  for  direct  use, 
for  being  temporarily  stored  or  for  being  further  treated.  The 
dry  matter  content  of  the  treated  lactose  is  kept  at  40  to  at 
least  80%  or  preferably  50  to  60%.  The  invention  also  relates 
to  a  sweetener  manufactured  according  to  the  process. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p rocess   for  the  manu fac -  

tu re   of  a  swee tener   from  m i l k - s u g a r   or  l a c t o s e   and  a  s w e e t e n e r  

manufac tu red   accord ing   to  the  p r o c e s s .  
Lactose   can  be  der ived   from  any  type  of  milk  product   l i k e  

whole  milk,   skim  mi lk ,   b u t t e r   mi lk ,   whey,  c o t t a g e   cheese  whey 

e tc .   Of  p a r t i c u l a r   i n t e r e s t   is  to  make  use  of  l a c t o s e   from  whey 

which  is  of ten  cons ide red   a  non-usefu l   rye  side  p roduc t .   L a c t o s e  

has  l i t t l e   sweet  t a s t e   and  for  making  use  of  l a c t o s e   as  a 

sweetener   the  l a c t o s e   has  to  be  t r an s fo rmed   or  s p l i t   up  i n t o  

g lucose   and  g a l a c t o s e   which  are  sweeter   types  of  sugar.   It  i s  

known  t h a t   such  t r a n s f o r m i n g   of  l a c t o s e   is  made  by  h y d r o l y s i s  

with  some  ac id ,   some  ion  exchanger   or  some  enzym.  Such  a  method 

and  o the r   h y d r o l y s i n g   methods  are  de sc r ibed   for  i n s t a n c e   i n  

Journal   of  Dairy  Sc ience ,   Vol.  64,  pages  1759-1771,  " B e t a -  

G a l a c t o s i d a s e :   Review  of  Recent  Research" ,   M.  L.  Richmond,  J.  I .  

Gray  and  C.  M.  S t i n e .  

The  said  p r e v i o u s l y   known  methods  for  t r a n s f o r m i n g   l a c t o s e  

to  g lucose   and  g a l a c t o s e ,   however,  have  been  achieved  with  a 

r e l a t i v e l y   low  con ten t   of  dry  mat te r   and/or   a  r e l a t i v e l y   low 

degree  of  h y d r o l y s i s ,   and  the  t r a n s f o r m i n g   speed  during  t h e  

h y d r o l y s i s   has  been  low.  It  has  not  been  cons ide red   p o s s i b l e   t o  

hydro lyse   l a c t o s e   having  a  dry  mat te r   con ten t   of  more  than  a b o u t  

20-40%,  and  t h e r e f o r e   the  degree  of  h y d r o l y s i s   or  the  t r a n s f o r -  

ming  speed  during  h y d r o l y s i s   has  been  u n p r o f i t a b l y   low.  Due  t o  

the  low  degree  of  h y d r o l y s i s   in  some  p r e v i o u s l y   known  p r o c e s s e s  
the  sugar  s o l u t i o n ,   in  add i t i on   to  glucose  and  g a l a c t o s e ,   a l s o  

con ta in s   some  amounts  of  remaining  l a c t o s e ,   which  e s p e c i a l l y  

during  long  s to rage   at  low  t empera tu re   tends  to  s e p a r a t e   as 

c r y s t a l s .   The  low  dry  mat ter   conten t   or  the  low  degree  of  h y d r o -  



l y s i s   leads  to  the  e f f e c t   tha t   the  methods  are  d i s a d v a n t a g e o u s  

from  an  economical  v i ewpo in t   and  tha t   the  f ina l   p roduct   may  be  so 

d i l u t e d   or  may  have  such  compos i t ion   tha t   i t   must  be  t r e a t e d  

f u r t h e r   in  order   to  become  p r a c t i c a l l y   useful   for  d i f f e r e n t  

p u r p o s e s .  
A  method  for  h y d r o l y s i n g   of  l a c t o s e   is  also  known  from  t h e  

US  Patent   4 ,067 ,748 .   According  to  t h i s   known  method  the  l a c t o s e  

is  hydrolysed   by  means  of  a  s t r o n g l y   ac id i c   ca t ion   e x c h a n g e r  

p r e f e r a b l y   a  s t r o n g l y   a c i d i c   p o l y s t y r e n e   ion  exchanger   r e s i n .   In 

the  pa ten ted   method  it   is  s t a t e d   that   the  hydro lys ing   can  be  made 

for  a  dry  mat ter   c o n t e n t   of  20-40%,  for  i n s t a n c e   30%,  and  t h a t  

the  hydro lys ing   is  made  by  means  of  an  ion  exchanger  r e s i n   h a v i n g  

a  very  low  cross  l i n k i n g   number,  p r e f e r a b l y   a  cross  l i nk ing   number 

of  between  0,5  and  5%. 

Even  in  the  said  p a t e n t e d   method  the  l a c t o s e   to  be  t r e a t e d  

has  a  dry  mat ter   c o n t e n t   which  is  of  such  low  magnetude  tha t   t h e  

hydro lysed   l a c t o s e   for  many  purposes   is  not  d i r e c t l y   useful   b u t  

has  to  be  s u b j e c t e d   to  f u r t h e r   t r e a t m e n t s   l ike  e v a p o r a z a t i o n   e t c .  

F u r t h e r   an  ion  exchanger   r e s i n   having  a  very  low  cross   l i n k i n g  

deg ree .   Such  low  c ross   l i n k i n g   degree  can  be  used  and  can  be 

a d v i s a b l e   for  the  i n d i c a t e d   low  dry  mat te r   c o n t e n t s ,   but  on  t h e  

c o n t r a r y   i t   is  not  p r a c t i c a l l y   p o s s i b l e   to  use  such  low 

cross   l i nk ing   degrees   for   h igher   dry  mat ter   con ten t s   s ince  t h e  

osmothic   p r e s su re   at  high  dry  mat te r   con ten t s   is  so  high  t h a t  

t h e r e   is  a  r i sk   t h a t   the  ion  exchanger  res in   ba l l s   crack  and 

the reby   are  d e s t r o y e d .  

According  to  the  p a t e n t   the  l a c t o s e   t r an s fo rming   i n t o  

g lucose   and  g a l a c t o s e   a lso  is  made  by  s t i r r i n g   the  l a c t o s e  

s o l u t i o n   t o g e t h e r   with  the  ion  exchange  res in   what  c a u s e s  

c rack ing   and  wear  o f  t h e   ion  exchange  res in   b a l l s .   A l t e r n a t i v e l y  

i t   is  i n d i c a t e d   t h a t   the  l a c t o s e   t r a n s f o r m a t i o n   can  be  made  i n  

t h a t   the  ion  exchange  r e s i n   is  allowed  to  s u c c e s s i v e l y   f a l l   t o  

the  bottom  of  a  column  in  coun te r   cu r r en t   towards  a  r i s i n g   l a c -  

tose   bearing  l i q u i d   and  while  t h e  i o n   exchange  res in   is  r e c i r c u -  

l a t ed   to  the  top  of  the  co lumn.  



As  mentioned  the  p r e v i o u s l y   known  methods  a r e  

d i s a d v a n t a g e o u s   both  in  tha t   it  is  necessa ry   to  keep  low  d r y  

mat te r   con t en t s   of  l a c t o s e   s o l u t i o n   and  in  tha t   has  been 

cons ide red   neces sa ry   or  advantageous  to  carry  out  the  h y d r o l y s i n g  

by  means  of  an  ion  exchange  res ing  having  a  very  low  cross   l i n k i n g  

degree  what  causes  a  d e s t r o y i n g   of  the  ion  exchange  r e s in   in  c a s e  

of  high  dry  ma t t e r   c o n e t n t s ,   and  in  tha t   the  p rocess   is  run  w h i l e  

s t i r r i n g   the  l a c t o s e   s o l u t i o n   and  the  ion  exchange  r e s i n .   In 

t o t a l   the  known  s teps   lead  to  long  per iods   for  t r a n s f o r m i n g  

l a c t o s e   into  g lucose   and  g a l a c t o s e .  

It  might  be  expected   t ha t   the  use  of  an  ion  exchange  r e s i n  

having  a  h igher   cross   l i n k i n g   degree  than  tha t   mentioned  in  t h e  

above  c i ted   p u b l i c a t i o n s ,   or  tha t   a  l a c t o s e   t r a n s f o r m i n g   t r e a t m e n t  

of  a  l a c t o s e   s o l u t i o n   having  r a t h e r   high  dry  mat te r   c o n t e n t s   or  a 

t r ea tmen t   of  the  l a c t o s e   s o l u t i o n   by  having  same  pass  through  a 

f ixed   bed  of  an  ion  exchange  mass,  should  lead  to  long  pe r iods   f o r  

t r a n s f o r m i n g   l a c t o s e   into  glucose  and  g a l a c t o s e ,   or  a l t e r n a t i v e l y  

to  a  lower  degree  of  h y d r o l y s i s   for  a  main ta ined   t r a n s f o r m i n g  

pe r iod .   It  has,  however,  s u r p r i s i n g l y   proved  that   t h i s   is  not  t h e  

case.   According  to  the  i n v e n t i o n ,   i t   is  on  the  c o n t r a r y ,   p o s s i b l e  

to  t r e a t   l a c t o s e   s o l u t i o n s   having  high  dry  subs tance   c o n t e n t s   by 

using  ion  exchange  masses  having  a  r a t h e r   high  c r o s s l i n k i n g  

degree ,   and  by  p rov id ing   the  l a c t o s e   t r an s fo rming   in  a  f ixed   bed 

of  ion  exchange  mass,  and  in  s p i t e   t h e r e o f   the  l a c t o s e  

t r a n s f o r m i n g   per iods   are  s u r p r i s i n g l y   short   and  the  h y d r o l y s i n g  

degree  is  ex t reemly   h i g h .  

The  ob jec t   of  the  i n v e n t i o n   is  t h e r e f o r e   to  solve  the  p roblem 

of  p rov id ing   a  new  process   for  the  manufac ture   of  a  s w e e t e n e r  

from  l a c t o s e ,   which  process   allows  a  p r a c t i c a l   and  economica l  

manufac ture   of  the  in tended   s w e e t e n e r .  

The  i n v e n t i o n   also  r e l a t e s   to  a  sweetener   m a n u f a c t u r e d  

according  to  the  said  p r o c e s s .  

A  f u r t h e r   ob j ec t   of  the  i nven t ion   is  to  provide  such  a 

p rocess ,   in  which  the  dry  mat te r   content   in  the  l a c t o s e   s o l u t i o n  

can  be  kept  s u b s t a n t i a l l y   higher   than  has  s o  f a r   been  p o s s i b l e ,  

and  in  which  the  dry  mat te r   conten t   of  the  f ina l   product   i s  



c o r r e s p o n d i n g l y   h igher   than  p r e v i o u s l y   cons ide red   p o s s i b l e  

wi thou t   e v a p o r a t i n g   or  f u r t h e r   t r e a t i n g   the  hydro lysed   p r o d u c t .  

A  f u r t h e r   ob j ec t   of  the  i n v e n t i o n   is  to  provide  a  p r o c e s s  
for  the  manufac tu re   of  swee teners   of  l a c t o s e ,   according  to  which  

a  s u b s t a n t i a l l y   h igher   dry  ma t t e r   con ten t   is  ob ta ined   than  ha s  

p r e v i o u s l y   been  usua l ,   at  which  a  h igher   degree  of  h y d r o l y s i s   i s  

o b t a i n e d   than  has  p r e v i o u s l y   been  usual  and  which  process   can  be 

proceeded  so  tha t   the  cycle   speed  is  s u b s t a n t i a l l y   higher   t h a n  

has  p r e v i o u s l y   been  p o s s i b l e .  

The  s t a r t i n g   ma te r i a l   in  the  p rocess   according  to  t h e  

i n v e n t i o n   is  l a c t o s e   in  a  water  s o l u t i o n   or  permeate  having  a 

dry  ma t t e r   con ten t   of  between  40 and  at  l e a s t   80%.  P r e f e r a b l y  

l a c t o s e   s o l u t i o n   is  given  a  dry  mat te r   conten t   of  between  50  and 

60  %.  If  the  l a c t o s e   is  to  be  d i s s o l v e d   in  water  the  t e m p e r a t u r e  

is  r a i s e d   to  between  80  and  150°C  or  p r e f e r a b l y   between  90  and  120°C. 

At  high  t e m p e r a t u r e s   l a c t o s e   is  d i s s o l v e d   more  comple te ly   and  as  

a  consequence   a  h igher   dry  mat te r   con ten t   is  obta ined  than  a t  

lower  t e m p e r a t u r e s .   The  high  dry  mat te r   con ten t   of  the  l a c t o s e  

s o l u t i o n   ts  advantageous  in  t ha t   a  c o n c e n t r a t e d   s o l u t i o n   i s  

ob t a ined   which  need  not  be  evapora ted   and  which  gives  the  p r o c e s s  

a  high  c a p a c i t y .   Depending  of  what  s t a r t i n g   ma te r i a l   is  used  f rom 

which  the  l a c t o s e   is  o t a ined   the  pH-value  of  the  l a c t o s e   s o l u t i o n  

may  vary,   but  normally  the  pH-value  is  less   than  7  and  p r e f e r a b l y  .  

the  pH-value  is  between  5  and  6 .  

If  found  a d v i s a b l e   the  l a c t o s e   s o l u t i o n   may  be  f i l t e r e d  

for   the  purpose  of  p o l i s h i n g   the  s o l u t i o n ,   but  t h i s   is  not  q u i t e  

n e c e s s a r y .   On  the  c o n t r a r y   the  l a c t o s e   s o l u t i o n   may  be  f u r t h e r  

t r e a t e d   for   s p l i t t i n g   the  l a c t o s e   up  to  glucose  and  g a l a c t o s e  

immedia te ly   a f t e r   having  been  d i s s o l v e d   in  w a t e r .  

This  f u r t h e r   t r e a t m e n t   of  the  l a c t o s e   s o l u t i o n   is  made  by an  a c i d  

h e t e r o g e n e o u s   c a t a l y s i s ,   in  t h i s   case  a  h y d r o l y s i s ,   whereby  the  l a c t o s e  

s o l u t i o n   is  t r e a t e d   with  a  s t r o n g l y   ac id ic   ca t ion   exchanger  f o r  

i n s t a n c e   p o l y s t y r e n e - s u l f o n i c   acid  or  any  other   ion  exchanger  b u i l t   on 

a  p o l y m e r e .  

In  order   to  make  i t   p o s s i b l e   to  keep  the  dry  mat ter   c o n t e n t s  

of  the  high  magnetude  as  mentioned  above  and  at  the  same  t i m e  



keep  the  t r a n s f o r m i n g   cycle   pe r iod   short   in  hyd ro ly s ing   of  l a c t o s e  

in to   g lucose   and  g a l a c t o s e   a  c a t i o n   exchanger  for  t h i s   p u r p o s e  

p r e f e r a b l y   should  have  a  modera te ly   low  cross  l i nk ing   degree ,   o r  

for  i n s t a n c e   a  cross   l i n k i n g   degree   of  5,5-10%  or  p r e f e r a b l y   5 , 5 -  

6%.  In  t h i s   connec t ion   the  s t r o n g l y   ac id ic   ca t ion   exchanger   a c t s  

as  a  he t e rogeneous   c a t a l y s o r   in  which  the  hydrogen  ions  s p l i t   t h e  

l a c t o s e   to  g lucose   and  g a l a c t o s e .   The  acid  h e t e r o g e n e o u s  

c a t a l y s i s   is  p roceeding   at  a  t e m p e r a t u r e   of  80-150°C  or  p r e f e r a b l y  

90-120°C.  Depending  on  how  long  the  l a c t o s e   s o l u t i o n   is  kept  i n  

c o n t a c t   with  the  s t r o n g l y   a c i d i c   ca t ion   exchanger  the  p rocess   can  
be  proceeded  to  a  h y d r o l y s i s   degree   of  between  40%  and 

p r a c t i c a l l y   100%. For  commercial  use  and  for  maximum  o b t a i n a b l e  

sweetness   and  best  t a s t e ,   the  h y d r o l y s i s   is  p r e f e r a b l y   p r o c e e d e d  

to  a  h y d r o l y s a t i o n   degree  of  about  70-90%.  At  a  h y d r o l y s a t i o n  

degree  of  l ess   than  70-80%,  t h e r e   is  a  risk  that   l a c t o s e   a n d / o r  

g a l a c t o s e   will   c r y s t a l l i z e   a f t e r   long  s to r ing   time  and  at  low 

t e m p e r a t u r e s .   If  i t   is  r e q u i r e d   to  f u r t h e r   i nc rease   the  s w e e t n e s s  

of  the  hydrolysed  l a c t o s e   s o l u t i o n ,   a  s l i g h t   amount  of  e x t r a  

l a c t o s e   may  be  added  wh ich  w i l l   s t r e n g t h e n   the  t a s t e   of  s w e e t n e s s  

of  the  g lucose   and  the  g a l a c t o s e .   When  combining  the  l a c t o s e  

s o l u t i o n   with  the  s t r o n g l y   a c id i c   ca t ion   exchanger  the  a c i d i t y   o f  

the  l a c t o s e   s o l u t i o n   is  s u c c e s s i v e l y   i n c r e a s e d ,   and  the  g l u c o s e -  

g a l a c t o s e   product   l eav ing   the  p rocess   may  have  a  pH-value  of  1 . 5 -  

2.5.  It  may  be  cons ide red   advantageous   that   the  g l u c o s e - g a l a c t o s e  

s o l u t i o n   is  kept  at  a  r e l a t i v e l y   low  pH-value  since  t h e  

m i c r o b i o l o g i c a l   r e s i s t a n c e   is  high  at  low  pH-va lue .  

By  s t a r t i n g   with  a  l a c t o s e   s o l u t i o n   having  as  high  dry  m a t t e r  

conten t   as  between  40  and  at  l e a s t   80%  or  p r e f e r a b l y   50-60%  t h e  

c a p a c i t y   of  the  p rocess   becomes  high,  and  a  flow  cycle  speed  o f  

0 . 2 - 2 . 0   bed  volymes  per  hour  is  qu i te   pos s ib l e   for  a  degree  o f  

h y d r o l y s i s   of  more  than  80%.  Such  flow  speed  is  s u b s t a n t i a l l y   h i g h e r  

than  has  p r e v i o u s l y   been  p o s s i b l e .  

In  sp i t e   of  the  r e l a t i v e l y   high  t empera tu re   during  the  e n t i r e  

p rocess   there   is  only  a  l i t t l e ,   if  any,  r isk  of  c a r a m e l l i z i n g   and 

in  the  hydrolysed  f ina l   product   the re   are  very  small  and 

n e g l e c t a b l e   amounts  of  c a r a m e l l i z i n g   p r o d u c t s .  



In  o rder   to  f u r t h e r   improve  the  t a s t e   and  remove  p o s s i b l e  

c a r a m e l l i z i n g   subs t ances   of  the  ready  hydro lysed   g l u c o s e - g a l a c t o s e  

p roduc t ,   the  milk  sugar  p roduc t   may  be  po l i shed   for  i n s t a n c e   by 

being  f i l t e r e d   through  a c t i v a t e d   carbon.   Such  a  p o l i s h i n g   s t e p ,  

however,  is  only  necessa ry   for  c e r t a i n   p roduc t s   in  which  a  c l e a r  

n o n - c o l o u r e d   product   is  r e q u i r e d .  

Upon  demand  the  f i na l   sugar  p roduct   may  be  evapor i zed ,   b u t  

s ince   the  dry  mat te r   con ten t   is  as  high  as  45-80%  or  p r e f e r a b l y   5 0 -  

60%  e v a p o r i z i n g   is  g e n e r a l l y   not  n e c e s s a r y .   The  f i na l   h y d r o l y s e d  

p roduc t   normally  has  a  pH-value  of  1 . 5 - 2 . 5 .   For  adapt ing  the  s u g a r  

p roduc t   to  i t s   in tended   f i e l d   of  use  the  pH-value  may  be  r a i s e d  

upon  demand. 

The  sugar  p roduc t ,   manufac tured   accoding  to  the  p rocess ,   i s  

well  s u i t e d   for  many  d i f f e r e n t   pu rposes ,   for  i n s t a n c e   for  use  i n  

food  s t u f f s   l ike   bakery  p roduc t s   of  d i f f e r e n t   kinds,   beverages  such  

as  beer ,   lemonades  e t c . ,   or  d i f f e r e n t   types  of  canned  products   f o r  

which  some  sweetener   is  d e s i r e d ,   for  cheese  p roduc t s   l ike  c h e e s e  

dip,   s p r e a d a b l e   cheeses ,   cream  cheese  e t c . ,   for  sweetening  of  s w e e t  

meats  and  c o n f i t u r e ,   for  dairy  p roduc t s   l ike   condensed  m i l k ,  

a c i d i f i e d   c u l t u r e   type  of  milk,   sour  cream,  yoghur t   e t c . ,   for  d ry  

mix  powders  such  as  baking  mix  powder,  pancake  mix  powder,  s a l l a d  

d r e s s i n g s ,   s ausages ,   hamburgers,   soups  e tc .   or  for  sweetening  o f  

i c e - c r e a m .   There  are  numerous  f i e l d s   of  use  which  f u r t h e r   can  be  

e n v i s a g e d .   As  mentioned  above  the  p roduc t ,   manufactured  a c c o r d i n g  

to  the  p roces s ,   has  a  high  con ten t   of  dry  m a t t e r ,   and  a  h igh  

l a c t o s e   to  g l u c o s e - g a l a c t o s e  t r a n s f o r m i n g   speed,  and  i t   is  p o s s i b l e  

to  proceed  the  p rocess ,   according  to  the  i n v e n t i o n ,   to  a  very  h i g h  

degree   of  h y d r o l y s i s   for  the  p r o d u c t .  

It  should  be  noted  tha t   i t   is  very  well  p o s s i b l e   to  c o n t r o l  

the  degree  of  h y d r o l y s i s   as  f a r   as +1  or  2%  by  varying  the  bed 

volymes,  i . e .   by  varying  the  pe r iods   of  time  for  t r a n s f o r m i n g  

l a c t o s e   into  g lucose   and  g a l a c t o s e .  

In  the  f o l l o w i n g   some  examples  of  the  process   according  t o  

the  i n v e n t i o n   will   be  d e s c r i b e d .   In  all  examples  an  equipment  f o r  

the  t r e a t m e n t   of  100  kg  l a c t o s e   s o l u t i o n   has  been  used,  and  when 

only  the  weight  of  the  f ina l   p roduct   is  mentioned  in  the  f o l l o w i n g  



examples  i t   is  consequen t ly   p r e - s u p p o s e d   that   in  all  cases  100  kg 

of  a  l a c t o s e   s o l u t i o n   was  added  to  the  p roces s ing   equpiment  f o r  

t r e a t m e n t .  

EXAMPLE  1 

40  kg  l a c t o s e   powder  ob ta ined   from  whey  was  added  to  60  1 

water  having  a  t e m p e r a t u r e   of  80pC.  The  said  t e m p e r a t u r e   was  m a i n -  

t a i n e d   un t i l   the  g r e a t e s t   par t   of  the  l a c t o s e   powder  was  d i s s o l v e d ,  

whereupon  the  l a c t o s e   s o l u t i o n   was  t r e a t e d   with  a  s t rong ly   a c i d i c  

c a t i o n   exchanger   c o n s i s t i n g   of  p o l y s t y r e n e - s u l f o n i c   acid  having  a 

c ross   l i n k i n g   degree  of  8%.  The  h y d r o l y s i s   was  proceeded  to  a 

h y d r o l y s i n g   degree  of  40%,  whereupon  the  ready  hydrolysed   p r o d u c t  

was  withdrawn  and  ana lysed .   The  t r a n s f o r m i n g   cycle  speed  

co r re sponded   to  a  bed  volume  of  0.50  per  hour.  The  product   had  a 

brown-yel low  colour  and  a  s o f t   caramel  t a s t e .   After   the  product   had 

been  f i l t e r e d   over  a c t i v a t e d   carbon  the  brown-yellow  colour   had 

d i s a p p e a r e d   and  p r a c t i c a l l y   all  caramel  t a s t e   had  d i s a p p e a r e d   and 

the  f ina l   product   was  cons ide red   to  have  a  moderate  s w e e t n e s s .  

Af te r   s t o r i n g   in  cooled  c o n d i t i o n   at  a  t empera tu re   of  less   than  10°C 

the  product   by  time  became  t u r b i d   in  t h a t   non - t r ans fo rmed   l a c t o s e  

was  c r y s t a l l i z e d   and  by  time  dropped  to  the  b o t t o m .  

EXAMPLE  2 

65  kg  l a c t o s e   obta ined  from  whey  was  d i s s o l v e d   in  35  1  w a t e r  

having  a  t e m p e r a t u r e   of  97°C.  When  all  l a c t o s e   had  been  d i s s o l v e d   i n  

the  water  the  pH  was found  to  be  5.51.  With  kept  t empera tu re   of  97°C 

the  l a c t o s e   s o l u t i o n   was  t r e a t e d   with  an  ion  exchanger   mass,  which  

ion  exchanger   is  a  s t rong ly   a c i d i c   c a t i on   exchanger  having  a  c r o s s  

l i n k i n g   degree  of  5,5%.  The  h y d r o l y s i s   was  proceeded  as  far   as  a 

h y d r o l y s i n g   degree  of  96%.  Immediately  a f t e r   the  h y d r o l y s i s   was 

f i n i s h e d   the  pH-value  was  found  to  be  1.82.  The  t r e a t e d   product   had 



a  pure  sweet  t a s t e   w i thou t   any  s u b s t a n t i a l   ex t r aneous   f l a v o u r .   The 

colour   was  s l i g h t l y   ye l low.   Af te r   the  product   had  been  p o l i s h e d  

over  a c t i v a t e d   carbon  the  product   was  c l ea r   and  comple te ly   w i t h o u t  

any  f l a v o u r .   The  t r a n s f o r m i n g   cycle   speed  accord ing   to  t h i s   example  

co r re sponded   to  1.0  bed  volyme  per  hour.  Depending  on  the  h igh  

degree  of  h y d r o l y s i n g   no  c r y s t a l l i z a t i o n   was  observed ,   not  even 

a f t e r   long  s t o r i n g   at  low  t e m p e r a t u r e s .  

EXAMPLE  3 

80  kg  l a c t o s e   ob ta ined   from  whey  was  d i s s o l v e d   in  20  1  w a t e r  

of  140°C  t e m p e r a t u r e   under  a  p r e s s u r e   of  3.10  bar.  The  pH-value  o f  

the  l a c t o s e   s o l u t i o n   was  measured  to  5.0.  With  a  m a i n t a i n e d   t empe-  

r a t u r e   of  140°C  the  l a c t o s e   so lu t i on   was  t r e a t e d   with  a  s t r o n g l y  

a c i d i c   ion  exchanger ,   based  on  a  p o l y s t y r e n e - s u l f o n i c   acid  having  a 

c r o s s - l i n k i n g   degree  (DVB-degree)  of  6%.  T h e ' h y d r o l y s i s   was  run  t o  

a  h y d r o l y s i n g   degree  of  92%.  The  t r a n s f o r m i n g   cycle  speed  

co r r e sponded   to  a  bed  volume  of  1.1  per  hour.  The  ready  product   was 

brownish  and  had  a  s l i g h t   caramel  t a s t e .   Without  being  po l i shed   t h e  

p roduc t   was  cons ide r ed   well  su i ted   for  bakery  purposes .   Some 

tendency  of  c rack ing   of  the  p o l y s t y r e n e   s u l f o n i c   acid  b a l l s  w a s  

o b s e r v e d ,   what  is  supposed  to  depend  on  the  high  osmotic  p r e s s u r e  
ob ta ined   at  the  high  dry  mat te r   conten t   in  t h i s   example .  

EXAMPLE  4 

50  kg  l a c t o s e   o b t a i n e d  f r o m   whey  of  c o t t a g e   cheese  was  mixed 

with  50  1  water  of  100°C.  The  pH-value  of  the  l a c t o s e   s o l u t i o n   was 

measured  to  4.5.   With  m a i n t a i n e d   t e m p e r a t u r e   the  l a c t o s e   s o l u t i o n  

was  t r e a t e d   with  a  s t r o n g l y   ac id ic   ca t ion   exchanger   having  a  c r o s s  

l i n k i n g   degree  of  10%  and  the  h y d r o l y s i s   was  run  to  a  h y d r o l y s i s  

degree  to  95%.  The  t r a n s f o r m i n g   speed  cor responded   to  a  flow  c y c l e  

speed  of  0,7  bed  volumes  per  hour.  The  ready  product   was  s l i g h t l y  



yel low  and  had  a  good  sweetness   wi thout   any  f l a v o u r .   Af te r   t h e  

p roduc t   had  been  po l i shed   over  a c t i v a t e d   carbon  a  c l e a r   n o n -  

co loured   product   wi thout   any  n o t i c a b l e   f l a v o u r   had  been  o b t a i n e d .  

The  product   was  cons ide red   well  s u i t a b l e   as  a  sweetener   f o r  

b e v e r a g e s ,   i . e .   beverages   of  the  brewery  i n n d u s t r y   l ike   beer  and 

lemonades  e tc .   In  sp i t e   of  the  r e l a t i v e l y   high  cross   l i n k i n g   d e g r e e  

of  the  c a t i on   exchanger   the  h y d r o l y s i s   could  be  c a r r i e d   out  as  f a r  

as  to  a  hyd ro ly s ing   degree  of  95%  with  a  flow  cyc le   speed  of  0 . 7  

bed  volymes  co r r e spond ing   to  a  per iod   for  t r a n s f o r m i n g   l a c t o s e   i n t o  

g lucose   and  g a l a c t o s e   of  less   than  1.5  h o u r s .  

EXAMPLE  5 

71  kg  l a c t o s e   powder  ob ta ined   from  whey  was  d i s s o l v e d   in  29  1 

water  and  was  mixed  at  a  t e m p e r a t u r e   of  119°C  and  at  a  p r e s s u r e   o f  

1.9  bar.  The  pH-value  of  the  l a c t o s e   s o l u t i o n   was  measured  to  be  

1.8.  With  a  main ta ined   t e m p e r a t u r e ,   the  l a c t o s e   s o l u t i o n   was 

t r e a t e d   with  a  s t rong ly   ac id i c   ca t ion   exchanger   having  a  c r o s s -  

l i n k i n g   degree  of  5.5%.  The  h y d r o l y s i s   was  run  to  a  h y d r o l y s i s  

degree   of  93%.  The  t r a n s f o r m i n g   speed  cor responded   to  flow  c y c l e  

speed  of  1.9  bed  volumes  per  hour.  The  ready  product   was  s l i g h t l y  

y e l l o w i s h   and  had  a  pure  sweet  t a s t e   wi thout   any  n o t i c a b l e   f l a v o u r .  

In  s p i t e   of  the  high  dry  ma t t e r   c o n t e n t ,   the  high  h y d r o l y s i n g  

degree   and  the  r e l a t i v e l y   low  c ross   l i nk ing   degree  of  the  c a t i o n  

exchanger   the  h y d r o l y s i s   could  be  c a r r i e d   out  with  a  flow  c y c l e  

speed  of  1.9  bed  volyme  per  hour  c o r r e s p o n d i n g  t o   a  per iod   f o r  

t r a n s f o r m i n g   l a c t o s e   into  g lucose   and  g a l a c t o s e   of  not  more  t h a n  

about  ha l f   an  hour.  No  s u b s t a n t i a l   crack  fo rma t ion   or  any  o t h e r  

damage  of  the  ion  exchange  r e s in   could  be  n o t i c e d .  

EXAMPLE  6 

60  kg  l ac tose   powder  from  whey  was  d i s s o l v e d   in  40  1  w a t e r  

of  100°C  t empe ra tu r e .   The  l a c t o s e   mixture   was  t r e a t e d   with  a  s t r o n g l y  



a c i d i c   c a t i o n   exchanger   which  was  a  mixture   of  50%  of  a  s t r o n g l y  

a c i d i c   c a t i on   exchanger   having  a  cross   l i nk ing   degree  of  5.5%  and 

the  remain ing   a  ca t ion   exchanger   having  a  cross   l i n k i n g   degree  o f  

8%.  The  h y d r o l y s i s   was  run  to  a  hyd ro lys ing   degree  of  98%  at  a 

t r a n s f o r m i n g   speed  cycle   of  1.5  bed  volumes  per  hour.  The  p r o d u c t  

t he reby   manufac tu red   was  p r a c t i c a l l y   comple te ly   c l e a r   and  non -  

co loured   and  had  a  s t rong  sweet  t a s t e .  

EXAMPLE  7 

50  kg  l a c t o s e   powder  was  solved  in  50  1  water  at  a 

t e m p e r a t u r e   of  97°C.  The  l a c t o s e   s o l u t i o n   was  hydrolysed   as  far   as  t o  

96%  by  means  of  a  s trong  a c id i c   c a t i on   exchanger  having  a  c r o s s  

l i n k i n g   degree  of  5.5%.  The  hydro lysed   l a c t o s e   had  a  r e l a t i v e l y  

sweet  t a s t e .   To  the  hydro lysed   l a c t o s e   was  t h e r e a f t e r   added  15%  o f  

n o n - h y d r o l y s e d   l a c t o s e ,   and  a  t a s t e   panel  cons ide red   the  s w e e t n e s s  

of  the  p roduc t   s u b s t a n t i a l l y   h igher   than  the  sweetness   of  t h e  

hydro lysed   l a c t o s e   wi thout   the  a d d i t i o n   of  non-hydro lysed   l a c t o s e .  

An  a d d i t i o n a l   large  number  of  t e s t s   have  been  made  for  which 

are  made  account  in  the  f o l l o w i n g   t a b l e s :  



In  the  above  examples  was  used  a  s t r o n g l y   a c id i c   c a t i o n  

exchanger   having  a  low  c r o s s - l i n k i n g   degree .   The  con ten t   o f  

D i v i n y l b e n z e n e   in  th i s   s t r o n g l y   a c id i c   ca t ion   exchanger   is  a b o u t  

5.5%. 

("BV/h"  s tands  for  bed  volume  per  hour;  "DM"  s t a n d s  f o r   d r y  

ma t t e r   c o n t e n t ) .  







In  the  above  examples  was  used  a  s t r o n g l y   ac id ic   c a t i o n  

exchanger   in  the  form  of  a  mix tu re   of  50%  having  a  cross   l i n k i n g  

degree  of  8%  and  50%  of  another   c a t i on   exchanger  having  a  c r o s s  

l i n k i n g   degree   of  5.5%  the  combined  c ross   l i nk ing   degree  being  (DVB 

c o n t e n t )   6 .75%. 

It  should  be  noted  t ha t   a  s t r o n g l y   ac id i c   ca t ion   e x c h a n g e r  

having  a  low  cross   l i n k i n g   degree  wi th in   the  above  m e n t i o n e d  

i n t e r v a l   makes  the  h y d r o l y s i s   run  more  e a s i l y ,   so  tha t   a  h i g h e r  

flow  speed  can  be  ma in ta ined   wi thout   the  r i sk   tha t   the  h y d r o l y s i s  

degree  d e c r e a s e s .   At  a  hydro l i . s ing   degree  of  more  than  80%  t h e  

p roduc t   is  so  s t a b l e  t h a t   there   is  p r a c t i c a l l y   no  c r y s t a l l i z i n g ,  

not  even  at  long  time  of  s t o r i n g .  

Cat ion  exchangers   having  a  low  cross   l i nk ing   degree ,   however ,  

are  r a t h e r   s e n s i t i v e   to  p r e s s u r e   or  are  b r i t t l e ,   and  as  m e n t i o n e d  

above  the  osmotic   p r e s s u r e   at  high  dry  mat te r   con t en t s   becomes  so 

high  tha t   t h e r e   is  a  r i sk   tha t   the  c a t i on   exchanger  is  damaged.  

When  using  high  dry  mat te r   c o n t e n t s   i t   is  t h e r e f o r e   o f t e n  

c o n s i d e r e d   neces sa ry   to  use  c a t i o n   exchangers   having  a  h i g h e r  

c ross   l i n k i n g   degree  than  the   above  i n d i c a t e d   cross  l i nk ing   d e g r e e  

i n t e r v a l   of  5.5-10%  than  should  have  been  d e s i r e d ,   d e p e n d i n g  o n  

o p e r a t i n g   t e c h n i c a l   v i e w p o i n t s .  

In  all   of  the  above  mentioned  examples  an  appara tus   has  been 

used,   which  is  i l l u s t r a t e d   in  the  accompanying  f i g u r e   1,  and  t h e  

l a c t o s e   or  the  permeate  r e s p e c t i v e l y   have  been  t r e a t e d   mainly  a t  

the  t e m p e r a t u r e s   in  r e l a t i o n   to  the  dry  ma t t e r   subs tance   a s  

i l l u s t r a t e d   in  the  accompanying  curve,   f i g u r e   2,  in  which  the  d r y  

m a t t e r   con t en t   is  p l o t t e d   along  the  v e r t i c a l   axis  and  t h e  

t e m p e r a t u r e   in  c e n t i g r a d e s   have  been  p l o t t e d   along  the  h o r i z o n t a l  

a x i s .  

The  appa ra tu s   i l l u s t r a t e d   in  f i g u r e   1,  comprises  a  c l o s e d  

c o n t a i n e r   1  having  a  top  dome  2  and  a  bottom  dome  3  and  an 

i n t e r m e d i a t e   bottom  4  ad j acen t   the  bottom  dome  3.  On  t h e  

i n t e r m e d i a t e   bottom  4  and  up  to  about  half   the  height   of  t h e  

c o n t a i n e r   has  been  appl ied  a  bed  5  of  a  c a t i o n   exchanger ,   and  on  a 

level   s l i g h t l y   above  the  upper  su r f ace   6  of  the  ca t ion   e x c h a n g e r  

bed  there   is  an  i n l e t   7  for  l a c t o s e .   The  i n l e t   7  is  connected  to  a 



sp read ing   device  having  several   nozzles   (not  i l l u s t r a t e d )   which  

spread  the  l a c t o s e   evenly  over  the  sur face   of  the  ion  e x c h a n g e r  

bed.  At  the  i n t e r m e d i a t e   bottom  4  the re   are  severa l   screen   t y p e  

nozz les   9  for  l e t t i n g   the  hydro lysed   l a c t o s e   out  to  a  volyme  10 

between  the  i n t e r m e d i a t e   bottom  4  and  the  bottom  dome  3,  and  t h e  

hydro lysed   l a c t o s e   is  withdrawn  through  an  o u t l e t   condu i t   11.  On  a 
level   s l i g h t l y   above  the  i n l e t   7  for  l a c t o s e   t he re   is  a n o t h e r  

i n l e t   12  for   i n t r o d u c i n g   r e g e n e r a t i n g   acid  which  i n l e t   12  l i k e -  

wise  is  formed  with  a  spread ing   device  13  for  evenly  d i s t r i b u t i n g  

the  r e g e n e r a t i n g   acid  over  the  su r face   of  the  ion  exchanger   bed .  

On  a  level   above  the  upper  su r face   6  of  the  ion  exchanger   bed 

the re   is  a  f u r t h e r   i n l e t   14  for  p e s s u r i z e d   air   or  any  o the r   g a s .  
When  hyd ro ly s ing   the  l a c t o s e   the  acid  i n l e t   12  and  the  a i r  

i n l e t   14  are  closed  and  the  l a c t o s e   s o l u t i o n   is  pumped  in to   t h e  

c o n t a i n e r   in  a  p rede te rmined   amount  per  unit  of  t ime,  p r e f e r a b l y  

by  means  of  a  p o s i t i v e   pump.  The  l a c t o s e   is  spread  over  t h e  

su r f ace   6  of  the  ion  exchanger  bed  5  by  means  of  the  s p r e a d i n g  

device   8.  The  l a c t o s e   s u c c e s s i v e l y   passes  through  the  i o n  

exchanger   bed  at  a  c e r t a i n   speed,  but  if  the  l a c t o s e   is  pumped 

in to   the  c o n t a i n e r   with  a  higher   speed  than  can  pass  through  t h e  

ion  exchanger   bed  5  a  l ayer   15  of  l a c to se   s o l u t i o n   appears   on  t o p  

of  the  su r f ace   6  of  the  ion  exchanger  bed.  It  is  c o n s i d e r e d  

a d v i s a b l e   to  main ta in   a  l ayer   of  about  5  c e n t i m e t e r s   of  l a c t o s e  

s o l u t i o n   15  on  top  of  the  su r face   6  of  the  ion  exchanger   bed,  b u t  

i f   the  level  16  of  the  l a c t o s e   s o l u t i o n   tends  to  r i s e   p r e s s u r i z e d  

air   is  blown  dose  by  dose  into  the  p r e s su re   chamber  17  above  t h e  

ion  exchanger   bed,  whereby  the  l a c t o s e   s o l u t i o n   under  pe s su re   i s  

brought   to  pass  through  the  ion  exchanger  bed.  The  level  16  o f  

the  l a c t o s e   layer   may  in  au tomat ica l   way  be  ma in t a ined   r a t h e r  

c o n s t a n t   dose  by  dose  l e t t i n g   p r e s s u r i z e d   air   into  the  p r e s s u r e  
chamber  17.  The  hydrolysed   l a c t o s e   may  ba tchwise   or  c o n t i n u o u s l y  

be  withdrawn  through  the  o u t l e t   condui t   11  at  the  bottom  of  t h e  

c o n t a i n e r .   Since  the  ion  exchanger  bed  is  f ixed   t he re   is  no  wear  

of  the  ion  exchanger  b a l l s .   The  l a c to se   s o l u t i o n   which  is  pumped 

in to   the  c o n t a i n e r   through  the  i n l e t   7  always  meets  the  s t r o n g e s t  

par t   of  the  acid  at  or  ad jacent   the  o u t l e t ,   even  if  the  acid  o f  



the  i onexchange r   r e s i n   is  p a r t l y   consumed,  what  is  a d v a n t a g e o u s  

in  order   to  ma in ta in   the  h i g h e s t  p o s s i b l y   degree  of  h y d r o l y s i s .  

The  acid  con ten t   of  the  ion  exchanger  r e s in   s u c c e s s i v e l y   i s  

reduced  during  the  h y d r o l y s i n g   p roces s ,   and  at  a  c e r t a i n   s tage   i t  

is  n e c e s s a r y   to  r e g e n e r a t e   the  ion  exchanger  r e s i n .   This  is  made 

in  t ha t   the  i n l e t   tube  7  for   t h e  l a c t o s e ,   the  sp read ing   device   8 

and  the  ion  exchanger   bed  5  are  f l u shed   clean  by  means  of  w a t e r ,  

w h e r e a f t e r   water  is  pumped  into  the  ion  exchanger   bed  from  u n d e r -  

neath  through  the  o u t l e t   condu i t   11,  whereby  the  ionexchanger   bed 

is  l i f t e d   and  is  l oosened .   By  means  of  air  from  the  p r e s s u r i z e d  

air   14  the  ion  exchanger   bed  5  is  t h e r e a f t e r   forced   down  to  i t s  

o r i g i n a l   l e v e l ,   ac id ,   for  i n s t a n c e   h y d r o c h l o r i c   acid,   of  about  5% 

c o n c e n t r a t i o n   is  pumped  into  the  c o n t a i n e r   through  the  acid  i n l e t  

12  and  the  sp read ing   device   13  and  is  allowed  to  pass  through  t h e  

ion  exchanger   bed  5  from  above  unt i l   the  ion  exchanger   mass  i s  

s a t u r a t e d .   Excess  of  acid  is  removed  by  f l u s h i n g   water   t h r o u g h  

the  bed,  and  t h e r e a f t e r   the  equipment  is  ready  for  once  a g a i n  

being  taken  into  use  for  hyd ro ly s ing   l a c t o s e   into  g lucose   and 

g a l a c t o s e .  

In  f i g u r e   2  t h e r e   is  shown  a  diagram  of  s u i t a b l e   h a n d l i n g  

t e m p e r a t u r e s .   Along  the  v e r t i c a l   shaf t   is  p l o t t e d   the  dry  m a t t e r  

con ten t   in  pe rcen t   and  along  the  ho r i zon t a l   shaf t   is  p l o t t e d   t h e  

s o l u t i o n   t e m p e r a t u r e   for   l a c t o s e   or  permeate  r e s p e c t i v e l y   i n  

wa te r .   It   is  ev iden t   t ha t   the  t empera tu re   for  comple te ly   s o l v i n g  

l a c t o s e   of  for  i n s t a n c e   40%  dry  ma t t e r   conten t   in  water  is  abou t  

92°C  and  t h a t   the  t e m p e r a t u r e   becomes  higher  c o r r e s p o n d i n g   to  a 

h igher   dry  mat te r   c o n t e n t   to  about  140°C  for  a  dry  ma t t e r   c o n t e n t  

of  80%.  The  above  t e m p e r a t u r e s   r e l a t e   to  the  l a c t o s e   curve  L. 

Cor r e spond ing   t e m p e r a t u r e s   for  permeate  P  are  about  55°C  for  a  

permeate   having  a  dry  ma t t e r   con ten t   of  about  40%  and  about  100°C 

for   a  permeate   of  80%  dry  ma t t e r   c o n t e n t .  
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and  a  sweetener   manufac tured   according   to  the  p r o c e s s "  
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1.  P rocess   for  the  manufac tu re   of  a  swee tener ,   c  h  a  r  a  c -  

t  e  r  i  z  e  d   in  tha t   l a c t o s e   is  d i s s o l v e d   in  water  having  a  

t e m p e r a t u r e   of  80-150°C  or  p r e f e r a b l y   90-120°C,  to  a  dry   m a t t e r  

con t en t   of  40  to  at  l e a s t   80%  or  p r e f e r a b l y   50-60%,  or  a  l a c t o s e  

permeate  having  the  same  dry  mat te r   con ten t   is  heated  to  the  same 

t e m p e r a t u r e ,   whereupon  the  l a c t o s e   s o l u t i o n   thereby   ob ta ined   i s  

hydro lysed   by  being  t r e a t e d   with  a  s t r o n g l y   ac id ic   c a t i o n  

exchanger   having  a  cross   l i nk ing   degree  of  5.5-10%,  whereby  t h e  

l a c t o s e   is  t r a n s f o r m e d   to  g lucose   and  g a l a c t o s e ,   and  t h e  

h y d r o l y s i s   is  run  to  a  hyd ro lys ing   degree  of  40-100  %  o r  

p r e f e r a b l y   70-90%  for   a  flow  cycle   speed  of  2 . 0 -0 .5   bed  volymes  

per  hour  c o r r e s p o n d i n g   to  a  per iod  of  time  for  t r a n s f o r m i n g  

l a c t o s e   to  g lucose   and  g a l a c t o s e   of  0 . 5 - 2 . 0   hours ,   whereupon  t h e  

g l u c o s e - g a l a c t o s e   product   the reby   ob ta ined   is  cooled  to  a 

t e m p e r a t u r e   of  10-200°C  and  is  withdrawn  for  d i r e c t   use,  for  i n t e r -  

mediate   s t o r i n g   or  for  f u r t h e r   t r e a t m e n t .  

2.  P rocess   according  to  claim  1,  c  h  a  r  a  c  t  e  r  i  z  e  d  

in  t h a t   the  h y d r o l y s i s   is  proceeded  wi thout   change  of  t h e  

t e m p e r a t u r e   at  which  the  l a c t o s e   is  d i s s o l v e d   in  water  or  t o  

which  the  l a c t o s e   permeate  is  h e a t e d .  

3.  P rocess   according   to  claim  1  or  2,  c  h  a  r  a  c  t  e -  

r  i  z  e  d   in  tha t   the  l a c t o s e   s o l u t i o n   is  po l i shed   before   t h e  

h y d r o l y s i s   t r e a t m e n t .  

4.  P rocess   according   to  any  of  the  preceding   c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   in  t h a t   the  l a c t o s e   s o l u t i o n   in  a 

p a r a l l e l   flow  is  pressed  through  a  f ixed   bed  of  the  s t r o n g l y  

ac id i c   c a t i o n   e x c h a n g e r .  

5.  P rocess   according  to  claim  4,  in  which  the  s t r o n g l y  

ac id i c   c a t i o n   exchanger   is  p o l y s t y r e n e - s u l f o n i c   acid  or  any  o t h e r  

polymere  based  acid  ion  exchanger   having  a  cross   l i n k i n g   d e g r e e  

of  p r e f e r a b l y   between  5.5  and  6%. 

6.  Process   according  to  claim  1,  in  which  the  g l u c o s e -  

g a l a c t o s e   p roduc t   ob ta ined   by  the  h y d r o l y s i s   is  f i l t e r e d   t h r o u g h  
a c t i v a t e d   carbon  for  p o l i s h i n g   of  the  product   and  for  removing 



p o s s i b l e   caramel  t a s t e .  

7.  Process   accord ing   to  any of   the  p reced ing   c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   in  tha t   the  ready  hydro lysed   p r o d u c t  

is  s u b j e c t e d   to  one  or  more  of  the  f o l l o w i n g   t r e a t m e n t s :  

f i l t e r i n g   through  a c t i v a t e d   carbon,   e v a p o r a t i o n   to  any  r e q u i r e d  

dry  mat te r   c o n t e n t ,   con t ro l   of  pH-value  accord ing   to  the  p r o d u c t  

for  which  the  swee tener   is  i n t e n d e d .  

8.  Process   accord ing   to  any  of  the  p reced ing   c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   in  tha t   the  l a c t o s e   s o l u t i o n   is  g i v e n  

a  pH-value  of  1-7  or  p e f e r a b l y   5-6  before   the  c a t a l y s i n g   t r e a t -  

ment,  and  in  tha t   the  ready  hydrolysed   product   is  kept  at  a  pH- 
value  of  1 . 5 - 2 . 5 .  

9.  Sweetener   manufac tured   fo l lowing   the  p rocess   a c c o r d i n g  

to  any  of  the  p reced ing   claims  by  h y d r o l y s i s   of  l a c t o s e   o b t a i n e d  

from  whey,  c  h  a  r  a  c  t  e  r  i  z  e  d   in  tha t   the  s w e e t e n e r  

without   having  been  evapora ted   has  a  dry  mat te r   con ten t   of  40  t o  

at  l e a s t   80%  or  p r e f e r a b l y   50-60%. 

10.  Sweetener   according  to  claim  9,  c  h  a  r  a  c  t  e  r  i  z  

e  d  in  tha t   the  l a c t o s e   by  h y d r o l y s i s   is  t r an s fo rmed   to  g l u c o s e  

and  g a l a c t o s e   with  a  hydro lys ing   degree  of  40-100%  or  p r e f e r a b l y  

70-90%. 

11.  Sweetener   according  to  claim  9  or  10,  c  h  a  r  a  c  t  e -  

r  i  z  e  d   in  tha t   i t   con ta ins   an  a d d i t i o n   of  1-20%  of  l a c t o s e  

added  a f t e r   the  l a c t o s e   s o l u t i o n   has  been  h y d r o l y s e d .  

12.  Sweetener   according  to  any  of  claims  9-11,  c  h  a  r  a  c -  

t  e  r  i  z  e  d   in  tha t   i t   has  a  hyd ro lys ing   degree  of  less   t h a n  

60%  and  in  tha t   i t   con t a in s   an  a d d i t i o n   of  more  than  20%  l a c t o s e  

added  a f t e r   the  l a c t o s e   s o l u t i o n   has  been  h y d r o l y s e d .  

13.  Sweetener  according  to  any  of  claims  9-10,  c  h  a  r  a  c -  

t  e  r  i  z  e  d   in  tha t   i t   has  a  hyd ro lys ing   degree  of  more  t h a n  

80%,  and  in  tha t   i t   has  an  add i t ion   of  not  more  than  20%  l a c t o s e  

added  a f t e r   the  l a c t o s e   s o l u t i o n   has  been  h y d r o l y s e d .  

14.  Sweetener  according  to  claim  9  or  10,  c  h  a  r  a  c  t   e -  

r  i  z  e  d   in  tha t   the  sweetener  a f t e r   the  hyd ro lys ing   step  ha s  

a  pH-value  of  1 .5 -2 .5   or  a f t e r   ad jus tment   a  pH-value  of  4 - 7 .  
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