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Summary: This study deals with the metabolic effects of hydrolyzed lactose: 
After an overnight fast 5 healthy adult  volunteers consumed a glucose-galactose 
mixture  equivalent to 61.4g of lactose (or 125g of a dried skim milk powder with 
hydrolyzed lactose). The postprandial rise of erythrocyte galactose-l-phosphate 
(gal-l-P) never exceeded 22.3 ~tmol per liter packed red blood cells. This amounts  to 
no more than 22% of the levels known from galactosemic children to be safe, 
concerning ocular, neural  or hepatic damage. We conclude that the consumption of 
the hydrolyzed lactose does not cause a risk for consumer 's  health as judged from 
this galactose metabolite. A considerably higher risk, however, may accompany the 
consumption of galactose alone which causes around 17-fold higher plasma galac- 
tose levels and around 8-fold higher erythrocyte gal-l-P concentrations for more 
extended time periods. 

Zusammens Wir haben die Wirkung einer Glukose-Galaktose-Zufuhr, wie 
sic bei Aufnahme von Lebensmit te ln mit hydrolysierter Laktose auftreten kann, 
untersucht.  Dazu erhielten 5 gesunde erwachsene Versuchspersonen morgens 
nfichtern je 32,3 g Glukose plus 32,3 g Galaktose (entsprechend 125 g eines Mager- 
milchpulvers mit  hydrolysierter Laktose). Die postprandialen erythrozyt~ren 
Galaktose-l-Phosphat-(Gal-l-P-)Spiegel stiegen bei keinem der Probanden h6her 
als 22,3 ~tmol/1 gepackter Erythrozyten an. Damit errcichten die Konzentrat ionen 
dieses Indikatormetaboli ten lediglich 22 % der Spiegel, die sich bei galaktos~mi- 
schen Kindern  als sicher herausgestellt haben, was die Ents tehung yon Leber- oder 
Hirnsch~iden bzw. Katarakten angeht. Wir schliel3en daraus, dal3 das Kriterium der 
erythrozyt~ren Gal-l-P-Spiegel kein Stoffwechselrisiko beim Konsum yon hydroly- 
sierter Laktose erkennen l~il3t. 

Hingegen ist die Aufnahme von Galaktose allein ohne Glukose von 17fach 
h6heren Plasma-Galaktosespiegeln und einer ca. 8fach h6heren erythrozytaren Gal- 
1-P-Konzentration begleitet. Die Zufuhr yon Galaktose allein dfirfte daher ein 
erheblich h6heres Stoffwechselrisiko verursachen. 

Key words: risk, galactose, hydrolyzed lactose, toxicity, galactose-l-phosphate 

I n t r o d u c t i o n  

D e p e n d i n g  o n  e t h n i c  o r ig in  b e t w e e n  15 a n d  80 % of  a d u l t s  h a v e  low 
i n t e s t i n a l  ~-ga lac tos idase  (E.C. 3.2.1.23) ac t iv i t i es  a n d  are  p r o n e  to the  

Abbreviations: gal-l-P = galactose-l-phosphate p.v. = packed volume 
864 
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adve r se  effects  of  lactose  in to le rance  (1). This  has  led the  da i ry  indus t ry  to 
deve lop  p roduc t s  in wh ich  lac tose  is spli t  into the  c o m p o n e n t  monosac -  
char ides  b y  e n z y m a t i c  or chemica l  hydro lys i s  (2). This  p r o c e d u r e  has  the  
addi t iona l  a d v a n t a g e  of  increas ing  the  swee tness  of  the  p r o d u c t  or  p roduc-  
ing " lac tose  s y r u p s "  as sweeteners .  

Severa l  r epor t s  have  desc r ibed  the  nutr i t ional  effects  of  dairy  foods wi th  
hydro lyzed  lac tose  (HL). Whereas  several  g roups  did not  r epor t  ev idence  
subs t an t i a t i ng  the  need  to lower  the  lac tose  concen t ra t ion  in dairy  pro-  
duc ts  (3-7), o thers  have  r epea ted ly  obs e rved  tha t  mi lk  wi th  hydro lyzed  
lac tose  led to a h igher  we igh t  gain w h e n  fed to u n d e r n o u r i s h e d  Aus t ra l ian  
Abor ig ine f  infants  ins tead  of  fu l l -cream mi lk  (8, 9). Severa l  inves t iga tors  
have  r epor t ed  r educ t ion  of  gas t ro in tes t ina l  s y m p t o m a t o l o g y  b y  lactose-  
r educed  mi lk  in adul t  l a c to se -ma labso rbe r s  (10, 11). 

Because  of  s tudies  wh ich  sugges t  a h igher  inc idence  of  os teoporos i s  in 
l ac to se -ma labso rbe r s  (12, 13) p r o c e d u r e s  tha t  o v e r c o m e  the  adver se  effects  
of  lac tose  m a l a b s o r p t i o n  - such  as lac tose  hydro lys i s  - m a y  be  a va luab le  
t e c h n o l o g y  for p r even t ive  medic ine .  

However ,  conce rns  m a y  be  ra ised aga ins t  any  food t echno logy  which  
m a y  con t r ibu te  to a too rap id  en t ry  of  ga lac tose  into the  p l a s m a  compar t -  
m e n t  because  c o n s u m p t i o n  of hydro lyzed  lactose  m a y  lead to overshoot -  
ing, a b n o r m a l l y  h igh  b lood  ga lac tose  concen t ra t ions  and  so be  a heal th  
hazard  because  of  its tox ic i ty  (14). 

We have  the re fo re  e m b a r k e d  on a s t udy  to evalua te  the  safety  of  d ie ta ry  
g lucose-ga lac tose  m i x t u r e s  in hea l thy  h u m a n  vo lun tee r s  by  m e a s u r i n g  
cel lular  ga l ac tose - l -phospha te .  

In  choos ing  red b lood  cell ga l ac to se - l -phospha t e  (gal-l-P) concent ra -  
t ions  as ind ica tor  of  ga lac tose  tox ic i ty  we  were  led by  the  fol lowing 
reasoning:  
1. The  hepa to tox i c  act ion of  ga lac tose  is ve ry  p r o b a b l y  caused  by  ga l - l -P  

(14). 
2. The re  is ev idence  tha t  e ry th rocy te  ga l - l -P  levels parallel,  and  there fore  

signalize, toxic  a m o u n t s  in l iver  p a r e n c h y m a l  cells (15). 
3. The  s u m  o f  the rapeu t i c  expe r i ence  wi th  ga lac tosemic  pa t ien ts  has led 

pedia t r ic ians  to conc lude  tha t  no menta l ,  hepa t ic  or ocular  s y m p t o m s  
occur  if  e ry th rocy t e  ga l - l -P  levels  do not  exceed  3 mg/dl  p.v. (= 0.115 
mM) (16, 17). 

M a t e r i a l s  and M e t h o d s  

Materials: 

All reagents used in this study were of reagent grade quality and obtained from 
Merck, Darmstadt, Germany. Enzymes and coenzymes were obtained from 
Boehringer, Mannheim, Germany. Centrisart filters were purchased from Sartorius, 
G6ttingen, Germany. 

Subjec ts  and experimental  procedure: 

5 healthy volunteers (1 female, 4 male) who had been fully informed about the 
risks, aged between 23 and 49 years, drank 32.3 g galaetose plus 32.3 g glucose (if not 
stated otherwise) in 500 ml water within 20 min after an overnight fast. The study 
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started between 7:30 and 8:30 a.m. The dose corresponds to the consumpt ion  of  
125 g skim milk  powder  with all lactose hydrolyzed and containing 44 g protein. 

At  the  t imes indicated heparinized blood samples of 1 ml were taken and RBC 
were sedimented  at 3000 rpm for 10 rain and washed 3 t imes with saline. The cell 
pel let  was hemolyzed subsequent ly  at -20  ~ for 25 min after adding 0.5 ml disti l led 
water. 

A n a l y s i s  

0.5 ml hemolysatc  plus 2.0 ml 0.2M glycine-HC1, pH 8.7, was treated for 5 min at 
90 ~ The supernatant  was further deproteinized by centrifuging twice for 30 min at 
3000 x g in a Centrisart  No. 1 ultrafilter. This procedure  proved to be superior  to 
previously publ i shed  protocols (18, 19) because the ultrafil trates were free of colour 
and turb id i ty  and gave absorpt ion values of  less than 0.2 at 334 nm. 

Gal-I-P analyses in the ultrafi l trates were done enzymatical ly (18). Recovery of 
gal- l -P was bet ter  than 82 %. 

Plasma glucose, galactose and uric acid were determined according to estab- 
l ished procedures  with a centrifugation analyzer (20). 

R e s u l t s  

T h e r e  w a s  a c o n s i d e r a b l e  r i s e  o f  p l a s m a  g a l a c t o s e  l eve l s  u p  to  4 m m o l ] l  
w i t h i n  60 r a in  f o l l o w i n g  t h e  c o n s u m p t i o n  o f  32.3 g g a l a c t o s e  ( T a b l e  1). 
H o w e v e r ,  t h e  r i s e  w a s  r e d u c e d  b y  m o r e  t h a n  90 % if  g a l a c t o s e  w a s  con-  
s u m e d  s i m u l t a n e o u s l y  w i t h  g l u c o s e .  Th i s  c o n f i r m s  e a r l i e r  o b s e r v a t i o n s  b y  
S t e n s t a m  (21). 

T h e r e  w a s  a p o s t p r a n d i a l  r i s e  o f  e r y t h r o c y t e  g a l - l - P  f o l l o w i n g  t h e  i n t a k e  
o f  g a l a c t o s e  p l u s  g l u c o s e  (Fig.  1). N e i t h e r  t h e  a v e r a g e ,  n o r  t h e  r a n g e  
c o m p r i s i n g  t w o  s t a n d a r d  d e v i a t i o n s ,  n o r  a n y  v a l u e  o b s e r v e d  in  t h e  f ive  
s u b j e c t s  s t u d i e d  r e a c h e d  t h e  s a f e t y  l i m i t  o f  115 ~tmolfl g a l - l - P  (16, 17). T h e  
h i g h e s t  v a l u e  o b s e r v e d  a m o u n t e d  to  22.3 ~mol/1 a n d  w a s  l e s s  t h a n  22 % o f  
t h e  s a f e t y  l i m i t  v a l u e .  
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Fig. 1. Erythrocyte  gal- l -P levels following consumpt ion  of galactose plus glucose. 
+ S.E.M. of gal- l -P levels per  packed  red blood volume are given. Values were 

obtained from 5 subjects  consuming 32.3 g galactose plus 32.3 g glucose. Inser t  
shows individual  values. 
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Fig. 2. Metabolite levels following oral galactose intake. Postprandial concentra- 
tions of  galactose (A), glucose (O) and red blood cell gal-l-P ( i )  after consumption 
of  32.3 g galactose (n = 1). 

E r y t h r o c y t e  ga l - l -P  r eached  82 % of  the  safe ty  l imit  va lues  wi th in  30 m i n  
w h e n  ga lac tose  a lone was  c o n s u m e d  (Fig. 2). This  cons ide rab ly  h igher  rise 
of  e ry th rocy te  ga l - l -P  as c o m p a r e d  to the  r e sponse  fol lowing ga lac tose  
plus g lucose  again  shows the  p ro found  inf luence of  g lucose  inges t ion  on 
ga lac tose  me tabo l i sm.  

In te res t ing ly ,  ga l - l -P  levels  are not  only  lower  bu t  also reach  the i r  
m a x i m u m  at  a la ter  t ime  (90 min)  fol lowing ga lac tose  plus g lucose  (Fig. 3) 
if c o m p a r e d  to ga lac tose  a lone (peak  at 30 to 60 rain) (Fig. 2). Cor respond-  
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Fig. 3. Metabolite levels following oral intake of galactose plus glucose. Galactose 
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32.3 g galactose plus 32.3 g glucose in 2 subjects (~ and �9 Individual responses of 
each subject are displayed separately. 
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ingly, the  peaks  last  for shor te r  per iods  (less than  60 min)  in the  f o r m e r  
case and  for  m o r e  e x t e n d e d  per iods  (more  than  90 rain) in the  latter. 

Ini t ia l ly  p l a s m a  g lucose  rose  s l ight ly~above fast ing values  fol lowing 
g lucose  p lus  ga lac tose  and  t ended  to decrease  fol lowing ga lac tose  a lone 
(Table  2). However ,  due  to the  smal l  n u m b e r  of  observa t ions ,  no conclu-  
sion conce rn ing  stat is t ical  s ignif icance  could  be  drawn.  No changes  of  
p l a s m a  uric acid concen t ra t ions  were  obse rved  (Table 3). 

Discussion 

We have  exp lo red  whe t he r  (and to w h a t  extent)  the  c o n s u m p t i o n  of  
e q u i m o l a r  m i x t u r e s  of  g lucose  and  ga lac tose  as occur r ing  in dairy  pro- 
duc ts  wi th  hydro lyzed  lac tose  m a y  cons t i tu te  a heal th  hazard.  For  this 
p u r p o s e  we  have  m a d e  use  of  the  obse rva t ion  tha t  t i ssue  d a m a g e  is not  
o b s e r v e d  in ga lac tosemic  pa t ien ts  w h e n  the  e ry th rocy te  ga l - l - phospha t e  
concen t r a t i ons  are kep t  be low 115 ~tmolfl b y  an app rop r i a t e  diet  (16, 17). 

We have  obse rv ed  tha t  the  m a x i m a l  e ry th rocy te  ga l - l -P  concen t ra t ions  
ever  r eached  in our  g roup  of  subjec ts  a m o u n t e d  to less than  22 % of  the  
concen t r a t ion  def ined  as the safe limit. Hence  we  cons ider  tha t  the  con- 
s u m p t i o n  of  da i ry  p roduc t s  wi th  hydro lyzed  lactose  canno t  be  ha rmfu l  to 
c o n s u m e r ' s  health.  

The  dose  of  d ie ta ry  c a r b o h y d r a t e  as appl ied  in this s t udy  was  chosen  
because  it co r r e sponds  to the  c o n s u m p t i o n  of  44 g of  mi lk  prote in .  This  
cons t i tu tes  a m a x i m u m  a m o u n t  which  m a y  be  conce ived  to be  c o n s u m e d  
per  24h in e m e r g e n c y  si tuations.  In  this r espec t  the  dose  chosen  repre-  
sents  a m a x i m u m  chal lenge  to c a r b o h y d r a t e  m e t a b o l i s m  which  can  be  
ant ic ipa ted .  This  impl ies  tha t  no heal th  hazard  m a y  be  e x p e c t e d  for any  
conce ivab le  s i tua t ion  becaus e  no ha rm fu l  me tabo l i c  effects  were  obse rved  
u n d e r  the  condi t ions  chosen  in this s tudy.  

In teres t ingly ,  low levels of  e ry th rocy t e  ga l - l -P  are only  obse rved  if 
ga lac tose  is c o n s u m e d  toge the r  wi th  glucose.  Ga lac tose  a lone causes  
a b o u t  e ightfold  h igher  values.  We do not  k n o w  yet  w h e t h e r  this is due  to 
the  s imu l t aneous  r educ t ion  of  p l a s m a  ga lac tose  or w h e t h e r  g lucose  gears  
cel lular  ga lac tose  m e t a b o l i s m  di rec t ly  t owards  lower  s teady  s tate  concen-  
t ra t ions  of  gal- l -P.  

I t  is n o t e w o r t h y  tha t  only  glucose,  not  f ruc tose  lowers  b lood  galactose  
(22). We do not  k n o w  yet  h o w  f ruc tose  inf luences  e ry th rocy te  ga l - l -P  
levels. However ,  caut ion  is adv i sed  conce rn ing  any  food t echno logy  which  
t r ans fo rms  g lucose  to f ruc tose  fol lowing lac tose  hydrolysis .  

Macdona ld  and  coau tho r s  have  repor ted  earl ier  that  the  p l a s m a  dis- 
a p p e a r a n c e  of ga lac tose  was  equal ly  rapid  in lac tose- to lerant  and  in lac- 
tose- in to le ran t  subjec ts  (23). Accordingly ,  no obvious  heal th  hazard  can  be  
an t i c ipa ted  w h e t h e r  or  not  a sub jec t  c o n s u m i n g  galactose  plus  g lucose  is 
lac tose- to lerant  or - intolerant.  
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