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Blood glucose and plasma insulin responses to fat free milk 
and low-lactose fat free milk in healthy human volunteers 
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Summary: The blood glucose and plasma insulin responses to test milk samples 
were studied in healthy normal volunteers. After an overnight fast the subjects were 
given 500 ml of either regular fat free milk ( -  25 g lactose) or 500 ml of a new low- 
lactose fat free milk (3.75 g lactose and 4.25 g fructose). Blood glucose levels were 
not significantly altered after either milk sample, but  plasma insul in responses were 
significantly elevated after milk consumption. The response was slightly but  not 
significantly higher after regular fat-free milk than after the low-lactose fat free 
milk. The results suggest that fat free milk does not exert a fast effect on blood 
glucose concentration and therefore fat free milk and especially low-lactose fat free 
milk may prove to be suitable for diabetic diets. 
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Zusammens An gesunden freiwilligen Versuchspersonen wurde die 
Reaktion des Blutglukosespiegels und  der Plasmainsulinkonzentrat ion auf Test- 
Milchproben untersucht. Nach Fasten tiber Nacht bekamen die Versuchspersonen 
500 ml einer gew6hnlichen fettfreien Milch (ca. 25 g Laktose) oder 500 ml einer 
neuen  laktosearmen, fettfreien Milch (3,75 g Laktose und  4,25 g Fruktose). Die 
Blutglukosespiegel wurden durch keine der beiden Milchproben signifikant 
erh6ht, aber die Plasmainsul inkonzentrat ion erh6hte sich nach der Milchzufuhr 
signifikant. Diese Reaktion war nach der gew6hnlichen fettfreien Milch geringfti- 
gig, aber nicht signifikant h6her als nach der neuen laktosearmen, fettfreien Milch. 
Die Ergebnisse zeigen, dal3 fettfreie Milch keine rasche Wirkung auf die Konzentra- 
tion der Blutglukose austibt und dab deshalb fettfreie Milch, insbesondere solche 
mit  geringern Laktosegehalt, auch ftir die Diabetesdi~t geeignet ist. 

Schl~isselwSrter: Blutglukose; Plasmainsulin;  Milch, laktosearm 

Introduction 

I t  has  b e e n  r e c o m m e n d e d  tha t  d i a b e t i c  s u b j e c t s  s h o u l d  res t r i c t  t he i r  
c o n s u m p t i o n  of m i l k  to 600 m l  of fat free m i l k  da i ly  (1). Th i s  r e c o m m e n d a -  
t i o n  has  b e e n  b a s e d  on  the  t h o u g h t  tha t  d i e t a ry  l ac tose  exe r t s  a fast  a c t i o n  
o n  b l o o d  g lucose .  R e c e n t  s t ud i e s  h a v e  s u g g e s t e d  t ha t  l ac tose  is n o t  as 
e f fec t ive  as g lucose  (4, 5, 6).- U u s i t u p a  et al. h a v e  s u g g e s t e d  t h a t  c o o k i n g  
fac i l i t a tes  the  a b s o r p t i o n  of l ac tose  f rom m i l k  c o n t a i n i n g  foods.  I n  addi -  
t i o n  to d i a b e t i c s  da ta  on  b l o o d  g lucose  r ise  af ter  m i l k  c o n s u m p t i o n  is also 
i m p o r t a n t  for  l ac tose  i n t o l e r a n t  sub jec t s ,  w h o  d e m o n s t r a t e  a r e l a t i o n s h i p  
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b e t w e e n  the i r  m a x i m u m  b lood  suga r  r ise a n d  the  level  of  l ac tose  ac t iv i ty  
(5, 6). T h e  r i se  i n  b lood  g lucose  levels  has  b e e n  fas ter  a f ter  lac tase-  
h y d r o l y z e d  m i l k  c o n s u m p t i o n  b o t h  in  hea l t h y  v o l u n t e e r s  a n d  d i a b e t i c s  (3). 

Th i s  s t u d y  was  u n d e r t a k e n  to c o m p a r e  the  b l ood  g l uc ose  a n d  p l a s m a  
i n s u l i n  effects  of a n e w  low-lac tose  (0.75 % lac tose  a n d  0.85 % f ruc tose)  fat 
f ree m i l k  to a fat free m i l k  w i th  a r egu l a r  (4.9 %) l ac tose  c o n t e n t .  T h e  a i m  of  
t he  s t u d y  was  to in i t i a l ly  i nves t iga t e  the  su i t a b i l i t y  of the  n e w  m i l k  for 
h e a l t h y  h u m a n  v o l u n t e e r s  pr ior  to tes ts  w i t h  d i abe t i c s  a n d  l ac tose - in to le r -  
a n t  sub j ec t s .  

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

The study group consisted of 8 healthy volunteers (4 females and 4 males) aged 
29-40 years. No lactose intolerance had been diagnosed earlier among the volun- 
teers and all of them were regular milk drinkers. On two occasions, after a 12-hour 
overnight fast the volunteers drank 500 mls of either the regular UHT-treated fat 
free milk or the new UHT-treated low-lactose fat free milk. The low-lactose fat free 
milk was made by ultra-filtration to contain 0.75 % lactose and 0.85 % fructose was 
added to improve the flavor. The test milks were taken 8 days apart in random order 
and consumed within 5 minutes. 

Venous blood was collected through an indwelling cannula before and at fre- 
quent  intervals for 120 minutes after starting the test. An aliquot was analyzed for 
glucose using an automated glucose exidase method. Blood samples were then 
centrifuged, the plasma separated and analyzed for immunoreactive insulin using a 
commercial  kit. The methodology was essentially the same as described by us 
earlier (7). 

R e s u l t s  a n d  D i s c u s s i o n  

All  v o l u n t e e r s  to le ra ted  500 ml  of the  r e g u l a r  fat free or the  n e w  low- 
l a c to se  fat  free m i l k  well.  B lood  g lucose  c h a n g e s  af ter  the  fo rma l  fat free 
m i l k  a n d  the  n e w  low-lac tose  fat free m i l k  are  d e s c r i b e d  in  F i g u r e  1. The  
to ta l  c a r b o h y d r a t e  c o n t e n t  was  a b o u t  24 g lac tose  in  the  n o r m a l  fat free 
m i l k  s a m p l e  a n d  3.75 g lac tose  a n d  4.25 g f ruc tose  in  the  n e w  low- lac tose  
fat  f ree mi lk .  No clear  rise in  m e a n  b lood  g lucose  c o n c e n t r a t i o n s  were  
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Fig 1. Mean + SEM blood glucose levels in 8 normal subjects given 500 ml of fat free 
milk (O) or 500 ml of low-lactose fat free milk (ll). 
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Fig. 2. The effect of 500 mls of fat free milk (O) or low-lactose fat free milk (B) on 
plasma insulin in normal subjects. Each value is a mean _+ SEM for 8 subjects. 

observed  after either milk samples. P lasma  immunoreac t ive  insulin levels 
rose significantly after both  milk samples,  t hough  slightly more  so after 
regular  fat free milk than after the new low-lactose fat free milk (Fig. 2). 
Bo th  in the case of  blood glucose and plasma insulin the two milk samples  
were no t  significantly different f rom each other. 

The results indicate that  even the regular fat free milk r e c o m m e n d e d  for 
diabet ic  diets did not  exert  a fast act ion on blood glucose levels. P lasma  
insulin values rose in a similar manne r  after both  milks. Similar results 
have been  reported by Iwasaki  and Kawanishi  (3) for heal thy volunteers  
and diabetics after whole  milk consumpt ion ,  but  after lac tose-hydrolyzed 
milk a rapid rise in blood glucose levels was observed.  Ionescu-Tirgovis te  
et al. (4) have repor ted  rapid increases in blood glucose and p lasma insulin 
after a 25 g oral dose of  f ructose or lactose in type  2 diabetics. Count ing  the 
b lood glucose increase after glucose as 100 % the cor responding  increases 
in g lycaemia  for fructose was 81.3 % and for lactose 68.6 %. However ,  in 
mi lk  lactose is to some degree b o u n d  to the other  const i tuents  of  milk 
chang ing  the absorpt ion when  compared  to pure  lactose. Cooking  of  milk 
has been  indicated to cause a higher  blood glucose response  than 
observed  with uncooked  milk (9) and therefore cooking  may  release 
lactose for faster absorption.  In our  s tudy  UHT-t rea tment  (heating both  
milk types  to 135 ~ for 2 seconds) was not  effective in increasing lactose 
absorp t ion  w h e n  compared  to the results presented by Iwasaki  and 
Kawanish i  (5). Our results indicate that lactose in fat free milk in quan- 
tities up to 25 g at a t ime does not  significantly change venous  b lood 
glucose  levels but  increases insulin secretion. Similar results were 
observed  in case of the new low-lactose fat free milk. Arterialized blood 
obta ined  from superficial veins of  heated hand  has been shown to provide 
an alternative to our  venous  sampling (2). Since glucose loss in this 
m e t h o d  is smaller and unaffected by the g lycemia  differences in blood 
glucose  levels could be bet ter  detected (2). Thereby  the glucose homeo-  
stasis in heal thy volunteers  after milk consumpt ion  could be s tudied in a 
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m o r e  de t a i l ed  m a n n e r .  T h e s e  resu l t s  i n d i c a t e  t h a t  f u r t h e r  s t u d i e s  are 
n e e d e d  to tes t  t he  su i t ab i l i t y  of low- lac tose  fat free m i l k  a n d  r e g u l a r  fat  
f ree  m i l k  for d i a b e t i c  diets .  
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