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Vergleichende Untersuchungcn iiber die gastrointest inale  Vertr~iglich- 
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Sorbit  bei gesunden Normalverbrauchern und Typ-II-Diabetikern 

Summary: T h e  ob jec t ive  was  to c o m p a r e  r eac t ion  of  adu l t  c o n s u m e r s  of  confec-  
t ione ry  to m i l k  choco la te  m a d e  w i t h  e i t he r  i somal t ,  s u c ro s e  or  sorbi tol .  Tes t  
choco la te  was  e a t e n  b y  sub jec t s  at  h o m e  d u r i n g  7 days  in  a m o u n t s  c h o s e n  by  t h e m  
up  to a m a x i m u m  of 100 g pe r  day. In  a d o u b l e - b l i n d  c ros sove r  t r ia l  i somal t  
choco la te  was  a s soc ia t ed  in  h e a l t h y  c o n s u m e r s  ( n = 5 8 )  w i t h  i nc r ea sed  m o t i o n  
f r equency ,  w i n d  a n d  f l a tu lence  c o m p a r e d  w i th  suc rose  chocola te .  However ,  t h e  
i n t ens i t y  of t he se  ga s t ro in t e s t i na l  effects  was  p r e d o r a i n a n t l y  s l igh t  a n d  insu f f i c i en t  
to affect  acceptab i l i ty .  In  sepa ra te  c rossover  trials,  r eac t ions  of  Type  II d iabe t ic  
c o n s u m e r s  to ea t ing  i somal t  choco la t e  (n = 53) or  sorb i to ]  choco la t e  (n = 51) were  
c o m p a r e d  to r eac t i ons  w h e n  ea t ing  no  chocola te .  B o t h  i s o ma l t  a n d  so rb i to l  choco-  
la te  we re  a s soc ia t ed  w i t h  h i g h e r  i n c i d e n c e  of  w i n d  a n d  f l a tu l ence  t h a n  for  no  
chocola te ,  b u t  on ly  so rb i to l  choco la t e  i n c r e a s e d  m o t i o n  f r equency .  Aga in  i n t e n s i t y  
of  ga s t ro in t e s t i na l  ef fects  was  sl ight.  I t  is c o n c l u d e d  t h a t  i s o ma l t  h a s  po t en t i a l  u s e  
in b o t h  r egu la r  a n d  d iabe t i c  chocola te .  

Zusammenfassung: Die R e a k t i o n e n  yon  e r w a c h s e n e n  V e r b r a u c h e r n  bet  K o n s u m  
v o n  S f i6waren  gegen i ibe r  M i ] c h s c h o k o l a d e  m i t  I somal t ,  S a c c h a r o s e  oder  S o r b i t  
sol ] ten v e r g l i c h e n  werden .  Die T e i ] n e h m e r  aBen w ~ h r e n d  7 T a g e n  die S c h o k o l a d e  
dahe i r a  in  Mengen ,  die sie s e lb s t  gew~hl t  ha t t en ,  wobe i  sie m a x i m a l  100 g pro  Tag 
zu s ich  n e h m e n  sol]ten.  In  e i n e m  D o p p e l b l i n d - C r o s s o v e r - V e r s u c h  s te l l t en  g e s u n d e  
T e i l n e h m e r  n a c h  d e m  G e n u B  v o n  I s o m a t t s c h o k o l a d e  h S h e r e  S tuhlhf iuf igkei t ,  Gas-  
b i l d u n g  u n d  B l f i h u n g e n  fest  ira Ve rg l e i ch  zu  S a c c h a r o s e s c h o k o l a d e .  Die  In t ens i t~ t  
d i e se r  M a g e n - D a r m - E f f e k t e  w a r  j e d o c h  ~ b e r w i e g e n d  ge r ing  u n d  s o m i t  n i c h t  ausrei -  
chend ,  urn  die A k z e p t a n z  de r  S c h o k o l a d e n  in  F rage  zu stel len.  In  w e i t e r e n  Cross-  
o v e r - V e r s u c h e n  w u r d e n  die R e a k t i o n e n  v o n  Typ- I I -D iabe t i ke rn  au f  I s o ma l t s ch o -  
ko lade  (n = 53) ode r  S o r b i t o l s c h o k o l a d e  (n = 51) m i t  d e n e n  bet  Verz ich t  au f  Schoko-  
l a d e k o n s u m  verg l i chen .  S o w o h l  be t  I somal t -  wie  a u c h  be t  S o r b i t s c h o k o l a d e  wur-  
d e n  e r h S h t e  G a s b i l d u n g  u n d  F la tu lenz  fes tgestel l t ;  j e d o c h  f ief  n u t  die So rb i t s cho -  
ko lade  e ine  h S h e r e  S t u h l f r e q u e n z  hervor .  W i e d e r u m  w ar  die In t ens i t~ t  de r  Magen-  
Da rm-Ef f ek t e  u n e r h e b l i c h ,  w o r a u s  g e s c h l o s s e n  wird,  daf3 I s o ma l t  fiir d e n  Einsa tz  
in  n o r m a l e r  u n d  D i a b e t i k e r s c h o k o l a d e  gee igne t  ist. 

Key words: i somal t ,  chocola te ,  ga s t ro in t e s t i na l  effect,  accep tab i l i t y  
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Introduct ion  

Sorb i t o l  has  a l o n g - e s t a b l i s h e d  p lace  in  d i abe t i c  con fec t i one ry ,  b u t  
a s soc ia t ed  g a s t r o i n t e s t i n a l  effects  l ike  w i n d  a n d  d i a r r h o e a  h a v e  l i m i t e d  i ts  
use.  I n  s o m e  c o u n t r i e s  r egu l a to r s  in s i s t  on  a l abe l  w a r n i n g  of  l axa t ive  
effects  for  foods  c o n t a i n i n g  sorbi tol .  More  r e c e n t l y  d e v e l o p e d  polyols ,  for 
e x a m p l e  i somal t ,  ma l t i t o l  a n d  lact i tol ,  have  b e e n  p e r m i t t e d  i n  food m a i n l y  
b e c a u s e  t h e y  are  c l a i m e d  to p r o v o k e  less i n t e n s e  g a s t r o i n t e s t i n a l  effects.  
As  t h e y  are  also c l a i m e d  to h a v e  s u p e r i o r  s e n s o r y  qual i t ies ,  it  is p o s s i b l e  
tha t  t h e y  cou ld  b e c o m e  u s e d  in  r egu la r  as wel l  as d i abe t i c  foods.  I t  is t h u s  
i m p o r t a n t  tha t  the  c l a ims  of supe r io r i t y  b e  tes ted .  T h e  tes ts  r e p o r t e d  he re  
a im  to assess  the  va l id i ty  of s u c h  c la ims  in  r e l a t i on  to i somal t .  

I s o m a l t  cons i s t s  of a n  e q u i m o l a r  m i x t u r e  of  a - D - g l uc opy r a nos i do - l , 6 -  
sorb i to l  a n d  a - D - g l u c o p y r a n o s i d o - l , 6 - m a n n i t o l ,  m a d e  b y  h y d r o g e n a t i o n  of 
i s o m e r i s e d  sucrose.  E v i d e n c e  p u b l i s h e d  to da te  on  the  g a s t r o i n t e s t i n a l  
effects  of i soma l t  r e l a t ing  to dose  effect  (3), l ong  t e r m  t o l e r a nc e  (10) a n d  
c o m p a r i s o n  wi th  f ructose ,  sucrose ,  g lucose ,  a n d  sorb i to l  (1, 9, 12) c o m e s  
f rom c l in ica l  tes ts  u s i n g  sma l l  n u m b e r s  of sub jec ts .  Whi le  s u c h  e v i d e n c e  is 
e s sen t i a l  in  a s s e s s ing  s ide effects  of i somal t ,  it offers l i t t le  g u i d a n c e  on  the  
e x p e c t e d  c o n s e q u e n c e s  of  n o r m a l  h o m e  c o n s u m p t i o n  of  c o n f e c t i o n e r y  in  
w h i c h  suc rose  or so rb i to l  has  b e e n  r ep l aced  b y  i somal t .  The  tes ts  r e p o r t e d  
he re  add re s s  th is  i s sue  d i rec t ly  in  r e l a t ion  to h o m e  c o n s u m p t i o n  of m i l k  
choco la te  c o n t a i n i n g  i soma] t  b y  d i abe t i c  a n d  n o n - d i a b e t i c  c o n s u m e r s .  

Materials  and Methods  

Treatments 

The three milk chocolate samples used have the nutritional compositions shown 
in Table 1. Samples I and II, containing sucrose and isomalt respectively, were 
made specifically for the tests by a chocolate manufacturer using traditional choco- 
late making technology, while sample III was a commercial diabetic milk chocoate 
containing sorbitol on sale in Austria. In  Trial 1, a double blind crossover trial, 
samples I and II were presented in plain white wrappers bearing only the letters L 
and K respectively. In  Trials 2 and 3, samples II and III were presented in commer- 
cial packaging bearing trade names. 

Test Populations 

In Trial 1 ninety-seven non-diabetic consumers aged 16-60 years were recruited 
from all regions of Austria such that there were equal numbers  of men and women, 
with two thirds in the 16-39 years group and one third in the 40-60 years group. For 

Table 1. Approximate nutrit ional content of chocolate samples. 

Sample I Sample II Sample III 

Protein % 7 7 9 
Fat % 31 31 39 
Sucrose % 46 - - 
Isomalt % - 45 - 
Sorbitol % - - 25 
Fructose % - - 10 
Lactose % 10 10 10 
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b o t h  Trials  2 a n d  3 m o r e  t h a n  e igh ty  A u s t r i a n  n o n - i n s u l i n - d e p e n d e n t  (Type II) 
d i abe t i c s  we re  sepa ra te ly  r e c r u i t e d  s u c h  t h a t  t he re  were  a p p r o x i m a t e l y  equa l  
n u m b e r s  of  m e n  a n d  w o m e n  w i t h  one  t h i rd  in  t h e  16-39 years  g roup  a n d  two t h i r d s  
in  the  40-60 years  group.  

All  t r ia l  sub j ec t s  were  r e q u i r e d  to be  r egu la r  c o n s u m e r s  of  chocola te ,  d e f i n ed  as 
ea t ing  at  l eas t  100 g of choco la t e  or choco la t e - cove red  con fec t i one ry  eve ry  two  
weeks .  P o t e n t i a l  sub jec t s  were  e x c l u d e d  if  t hey  suf fe red  f rom s t o m a c h  ulcers ,  h i g h  
choles te ro l ,  al lergy,  d ia r rhoea ,  c o n s t i p a t i o n  or  h a d  e x p e r i e n c e d  in t e s t ina l  surgery .  
They  were  also e x c l u d e d  if  t hey  h a d  in  t he  p r e v i o u s  four  w e e k s  t a k e n  an t ib io t ics ,  
s teroids ,  a n t i s p a s m o d i c s ,  a n t i a s t h m a t i c s  or  laxat ives .  

Test Method 

T h e  des igns  of  t h e  t h r e e  Trials  are  s h o w n  in  F i g u r e  1, e ach  was  a c ro s sove r  tr ial  
w i t h  two  test. pe r iods  of  7 days  s e p a r a t e d  b y  a 3 days  a d a p t a t i o n  per iod.  Only  Trial  1 
was  d o u b l e  b l ind .  

F o r  t he  s e v e n  days  t e s t  pe r iods  in Trial  1, sub jec t s  were  g i v e n  s e v e n  100 g ba r s  of  
e i t he r  s a m p l e  I or  s a m p l e  II  chocola te .  They  were  r e q u e s t e d  to ea t  as l i t t le  or  as 
m u c h  e a c h  day  as t h e y  wi shed ,  u p  to a m a x i m u m  of  o n e  c o m p l e t e  bar .  F o r  t h e  s e v e n  
days  t e s t  pe r iods  in  Trial  2 a n d  3 sub j ec t s  were  g iven  e i the r  no  choco la te  or  t h r e e  
100 g ba r s  of  e i t h e r  sampIe  II  or  s a m p l e  III. I n s t r u c t i o n s  o n  choco la t e  c o n s u m p t i o n  
were  t he  s a m e  as for Trial  1. 

A m o u n t  a n d  t ime  of  c o n s u m p t i o n  of  chocola te ,  o t h e r  food i n t a k e  a n d  i n c i d e n c e  
a n d  sever i ty  of  ga s t ro in t e s t i na l  s y m p t o m s  were  a m o n g  t h e  da ta  r e c o r d e d  e a c h  day  
in s e v e n t e e n - d a y  d iar ies  b y  all subjec ts .  Choco la t e  c o n s u m p t i o n  was  m e a s u r e d  as 
the  n u m b e r  of  s q u a r e  p ieces  ea ten ,  e ach  100 g ba r  c o n t a i n i n g  24 squares .  Da ta  were  
ava i l ab le  as to ta l  a m o u n t  of  choco la t e  ea t en  pe r  day  an d  also as the  m a x i m u m  ea t en  
in any  one  h o u r  pe r iod  of  t he  day. S t o m a c h  ache,  w i n d  (pass ing  of  i n t e s t ina l  gas), 
f l a tu lence  (b loa t ing  s e n s a t i o n  in abdomen) ,  an d  c r a m p  were  r a t ed  on  a 0-5 scale, 
w h e r e  0 r e p r e s e n t e d  no  s y m p t o m ,  1 a n d  2 a mi ld  s y m p t o m ,  3 a m o d e r a t e  s y m p t o m  
a n d  4 a n d  5 a s t rong  s y m p t o m .  The  n u m b e r  of  s epa ra t e  m o t i o n s  p e r  day  was  
r e c o r d e d  a n d  stool  c o n s i s t e n c y  was  c lass i f ied as ve ry  hard ,  hard ,  no rmal ,  sof t  or 
watery .  T e n d e n c y  to d i a r rhoea  was  c o n s i d e r e d  mi ld  w i th  1, m o d e r a t e  w i t h  2, a n d  
severe  w i th  3 so f t  or wa te ry  m o t i o n s  pe r  day. 

Trial 1 Trial 2 Trial 3 
Non-Diabetics Diabetics Diabetics 

First Test Period - 7 Days 

/ \ 
Sample I Sample 11 Sample II No Choc Sample III No Choc 

Rest Period - 3 Days 

Sample II Sample I No Choc San- No Choc Sample II 

Second Test Period - 7 Days 

~le Ill 

Fig. 1. 
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At the end of each test period subjects were asked to rate the acceptability of the 
test chocolate on a 1-5 scale, where 5 indicated very good and 1 not at all good. In 
Trial 1 after both products had been tested subjects were asked whether they 
preferred sample I or sample II. 

Data Analysis 

Chocolate consumption data were tested for difference between samples and age 
of subjects by analysis of variance. 

Data on incidence of symptoms were separately analysed for the three trials. Two 
statistical procedures were used, the first utilised ehi-square to compare the total 
incidences of a specific symptom experienced with each sample. The second 
compared the maximum severity of symptom experienced by each subject with 
each sample. These data were entered in a symmetric contingency table for each 
symptom and analysed by chi-square as modified by the procedure of Gart (4) and 
McNemar (8). 

Differences in average motion fl:equency for each subject during the seven days 
test periods within each trial were analysed by paired t-tests. 

Results  and Discuss ion  

N i n e t e e n  ou t  of 291 r e c r u i t e d  sub j ec t s  fa i led to c o m p l e t e  the  tr ials,  of  
w h i c h  11 f o u n d  it too t i m e  c o n s u m i n g ,  4 c o m p l a i n e d  of  s ide  effects,  3 w e n t  
on  h o l i d a y  a n d  1 fa i led to ea t  the  chocola te .  The  4 w h o  c o m p l a i n e d  of s ide  
effects  w e r e  d i abe t i c s  of  w h o m  3 were  t a k i n g  choco la t e  c o n t a i n i n g  so rb i to l  
and 1 was taking chocolate containing isomalt. 

Of the 272 subjects completing the trials, 110 failed to observe the three 
clays rest period. These non-complying subjects were spread evenly 
throughout the trials and age groups and their results have been excluded. 

It is necessary when viewing the chocolate consumption data in Table 2 
to note that Trial 1 cannot be compared with Trials 2 and 3. The non- 
diabetics in Trial 1 could eat I00 g chocolate per day, while Type II 
diabetics in Trials 2 and 3 were given just 300 g chocolate for 7 trial days 
permitting a maximum average daily consumption of only 43 g. 

Two important aspects of chocolate consumption in Trial 1 arise from 
the data in Table 2. One is that the average amounts eaten of sample I and 
sample II are not significantly different, allowing a valid comparison of 
incidence of gastrointestinal effects. The second is the significantly larger 
(P < 0.01) chocolate consumption of 16-39 years group compared with 
40-60 years group, both as total consumption and maximum one hour 
consumption. Inter-trial comparisons clearly need to take age of subjects 
into account. 

In Trials 2 and 3, 36 % subjects ate all the isomalt chocolate and 25 % all 
the sorbitol chocolate. There was no difference in average consumption 
between different age groups in Trials 2 or 3. However owing to formula- 
tion differences the amount of isomalt consumed was about twice that of 
sorbitol. Combined data from these trials showed 16-39 year olds to have a 
higher average maximum one hour consumption of chocolate than 40-60 
year olds. This may indicate that the lack of difference in average con- 
sumption was caused by the limited amount given to diabetics. 

There was remarkable similarity in chocolate consumption profiles 
between diabetic and non-diabetic 40-60 year olds. 
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T a b l e  2. C h o c o l a t e ,  s u c r o s e  a n d  p o l y o l  c o n s u m p t i o n  da t a .  

T r i a l  n o /  S u b j e c t s  C h o c o l a t e  e a t e n  S u g a r / P o ] y o l  f r o m  
T r e a t m e n t  c h o c o l a t e  

N o  A g e  p e r  d a y  1 h r  m a x .  p e r  d a y  1 h r  m a x .  
g r o u p  m e a n  w t  (g) m e a n  ± S D  (g) 

T r i a l  1 
S a m p l e  I 43 16-39  60 51 27 ± 11 23 ± 13 
( S u c r o s e )  15 40 -60  37 32 17 + 11 15 ± 11 

S a m p l e  II  43 16-39  56 47 25 ± 11 21 ± 12 
( I s o m a l t )  15 40 -60  36 27 16 ± 10 12 ± 10 

Tr ia l  2 
S a m p l e  I I  16 16-39  35 33 16 ± 10 15 ± 5 
( I s o m a l t )  37 40 -60  34 29 15 _+ 9 13 _+ 8 

Tr i a l  3 
S a m p l e  I I I  16 16-39 33 33 8 ± 5 8 _+ 3 
(Sorb i to l )  35 40 -60  30 24 8 ± 4 6 + 3 

T a b l e  3. R e l a t i v e  o c c u r r e n c e  o f  s y m p t o m s  i n  d i a b e t i c s  a n d  n o n - d i a b e t i c s .  

N o n - d i a b e t i c s  D i a b e t i c s  

T r i a l  1 Tr i a l  2 Tr i a l  3 
(11 = 58) (n  = 53) (n  = 51) 

S y m p t o m /  S a m p l e  S a m p l e  N o  S a m p l e  N o  S a m p l e  
S t r e n g t h  I I I  C h o c  I I  C h o c  I I I  

% t e s t  d a y s  

S t o m a c h  a c h e  

N o n e  94.3 97.1 97.6 96.5 96.6 
S l i g h t  5.7 2.7 2.4 3.0 3.1 
M o d e r a t e  - 0.2 - - 0,3 
S e v e r e  - - - 0.5 - 

F l a t u l e n c e  

N o n e  86.5 ** 80.0 86.3 ** 77,9 84.0 
S l i g h t  12.8 17.0 12.7 19.4 16.0 
M o d e r a t e  0.7 2.5 0.5 1.4 - 
S e v e r e  - 0.5 0.5 1.3 - 

C r a m p  

N o n e  97.0 95.8 96.7 ** 91.1 96.6 
S l i g h t  2.7 3.2 2.7 7.6 3.1 
M o d e r a t e  0.3 0.5 0.3 0.5 - 
S e v e r e  - 0.5 0.3 0.8 0.3 

W i n d  

N o n e  67.5 * 58,9 59.3 ** 53.9 52.1 
S l i g h t  25.9 32.0 38.3 36.7 43.4 
M o d e r a t e  5.4 7.1 2.1 5.9 4.5 
S e v e r e  1.2 2.0 0,3 3.5 - 

96.6 
3.1 
0.3 

74.2 
21,0 

2.8 
2.0 

94.4 
5.0 
0.6 

39.8 
51.0 

5.6 
3.6 

*, ** S i g n i f i c a n t  a s s o c i a t i o n  b e t w e e n  s y m p t o m  a n d  s a m p l e s  w i t h i n  t r i a l  a t  p < 0.05 
a n d  p < 0.01, r e s p e c t i v e l y .  
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Table 4. Symptoms assessed as max imum subject  responses. 

Trial 1 Trial 2 Trial 3 

Non-diabetic Diabetic Diabetic 
Sample I v Sample II v Sample I I I v  
Sample II No choc No choc 

Symptoms Significance level 
Diarrhoea 0.05 n.s. 0.05 
Flatulence 0.05 n.s. 0.05 
Wind * n.s. n.s. 
Stomach ache n.s. n.s. n.s. 
Cramp n.s. n.s. n.s. 

* Significant difference p < 0.05 for 16-39 year olds only. 
n.s. no significant difference p = 0.05. 

T h e  a m o u n t  o f  c h o c o l a t e  e a t e n  e a c h  d a y  w a s  i n f l u e n c e d  b y  t h e  g e o m e t r y  
o f  t h e  b a r  w h i c h  c o n s i s t e d  o f  4 x 6 s q u a r e s .  T h e  t h r e e  m o s t  c o m m o n  
a m o u n t s  c o n s u m e d  w e r e  t h e  w h o l e  bar ,  h a l f  b a r  a n d  one  t h i r d  bar .  

R e l a t i v e  o c c u r r e n c e  o f  g a s t r o i n t e s t i n a l  s y m p t o m s  in n o n - d i a b e t i c s  a n d  
T y p e  I I  d i a b e t i c s  is  s h o w n  in T a b l e  3. I n c i d e n c e s  o f  w i n d  a n d  f l a t u l e n c e  
w e r e  a s s o c i a t e d  w i t h  i s o m a l t  a n d  s o r b i t o l  c h o c o l a t e  a l ike .  T h e  s t r e n g t h  o f  
s y m p t o m  w a s  p r e d o m i n a n t l y  s l igh t .  

A n a l y s i s  o f  s u b j e c t  m a x i m u m  r e s p o n s e s  u s i n g  c o n t i n g e n c y  t a b l e s  di f -  
f e r e n t i a t e d  m o r e  c l e a r l y  b e t w e e n  t h e  e f fec t s  o f  i s o m a l t  a n d  s o r b i t o l  choco -  
l a te  in  d i a b e t i c s  (Tab le  4). T h e r e  w e r e  f e w e r  s t a t i s t i c a l l y  s i g n i f i c a n t  e f fec t s  
d u e  p a r t l y  to  t h e  r e d u c e d  n u m b e r  o f  o b s e r v a t i o n s ,  b u t  a l so  b e c a u s e  
s y m p t o m s  w e r e  n o t  r a n d o m l y  d i s p e r s e d  a m o n g  s u b j e c t s .  T h e  m a j o r i t y  o f  
s u b j e c t s  s e e m  to  b e  t o l e r a n t  o f  i s o m a l t ,  b u t  a f ew  s u b j e c t s  e x p e r i e n c e d  
symptoms on most days. 

The extent of laxative action of polyols is summarised in Table 5. 
Increased motion frequency was associated in non-diabetics with isomalt 
chocolate compared with sucrose chocolate. In diabetics, where the com- 
parison was with no chocolate, sorbitol chocolate was associated with 
increased motion frequency but isomalt chocolate was not. Both these 
effects confirm the analysis of maximum response data in Table 4. Stool 
consistency data in Table 5 suggest that the effect of isomalt and sorbitol 
chocolate is not uniform, increases in hard, soft and watery stools being 
indicated. 

Paired t-testing of differences in average motion frequency of subjects 
within Trials showed an increase in frequency of 0.13 motion/day in non- 
diabetics when eating isomalt chocolate compared with sucrose chocolate 
(p < 0.01). In diabetics, eating sorbitol chocolate resulted in an increased 
frequency of 0.12 motion/day compared with no chocolate (p < 0.05), but 
isomalt chocolate was without effect on motion frequency. 

The fact that chocolate consumption was similar for 40-60 year olds 
whether diabetic or not provided an opportunity for comparing motion 
frequency in the two groups. In fact, the motion frequencies, 1.13 and 1.19 
motions per day, are very similar. However, the variance of the diabetic 
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Table 5. Laxative effects in diabetics and non-diabetics. 

Non-diabetics Diabetics 

Trial 1 Trial 2 Trial 3 
(n = 58) (n = 53) (n = 51) 

Sample Sample No Sample No Sample 
I II Choc II Choc III 

Motions per day 
No of test days 

None 35 29 45 37 41 25 
1 257 232 218 225 213 205 
2 99 117 94 100 92 114 
3 15 25 10 8 9 11 
4 - 3 4 1 2 2 

Stool consistency 
No of motions 

Watery 2 8 1 12 1 10 
Soft 42 51 47 36 34 20 
Normal 379 375 347 337 320 315 
Hard 73 110 57 66 76 1t6 
Very hard 4 9 0 2 1 13 

Total 500 553 452 453 432 474 

*, ** Significant association between laxative measure and samples within trial at 
p < 0.05 and p < 0.01, respectively. 

data was four times that of the non-diabetic data. Thus if we were looking 
at incidence of extreme symptoms, data from non-diabetics could be 
seriously misleading if appied to diabetics. 

Concerning acceptability of chocolate among non-diabetics, 19 pre- 
ferred sample I, 19 preferred sample II, 15 preferred them equally and 6 
could not decide. The increase in slight gastrointestinal symptoms arising 
from the presence of isoma]t, rather than sucrose, in milk chocolate 
proved insufficient to affect the acceptability of isomalt chocolate by non- 
diabetic consumers. Among diabetics isomalt chocolate was rated signifi- 
cantly higher for acceptability than sorbitol chocolate. 

The incidence of gastrointestinal effects in these trials may be compared 
with those in tolerance studies on sorbitol and isomalt. Despite variability 
of  r e su l t s  in  s u c h  s t ud i e s  t h e r e  is a g r e e m e n t  t h a t  an  a c u t e  d o s e  o f  m o r e  
t h a n  20 g so rb i to l  wi l l  n o r m a l l y  l ead  to  o s m o t i c  d i a r r h o e a  in  adul t s ,  w h i l e  
t h e  t o l e r a n c e  t h r e s h o l d  is a b o u t  50-60 g for  d o s e s  s p a c e d  t h r o u g h o u t  t h e  
day  (2, 5, 6, t l ) .  T o l e r a n c e  da t a  fo r  i s o m a l t  a re  less  w e l l  e s t a b l i sh e d ,  b u t  
c o m p a r a t i v e  s t ud i e s  s u g g e s t  t h a t  i s o m a l t  is m a r g i n a l l y  s u p e r i o r  to sor- 
bi tol .  O n e  r e p o r t  (14) s h o w e d  f e w  g a s t r o i n t e s t i n a l  r e s p o n s e s  in  h e a l t h y  
s u b j e c t s  f r o m  a c u t e  dose s  o f  i s o m a l t  or  so rb i t o l  at  10 g a n d  20 g dose s  b u t  
h i g h  i n s t a n c e s  o f  d i a r r h o e a  f r o m  b o t h  at 40 g w i t h  f e w e r  f r o m  i s o m a l t  t h a n  
sorbi to l .  C o m p a r i s o n  o f  50 g d o s e s  o f  i s o m a l t  a n d  so rb i to l  in h e a l t h y  
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s u b j e c t s  t a k e n  in  t h r e e  p r o t i o n s  d u r i n g  a d a y  (13) s h o w e d  s i m i l a r  f la tu-  
l e n c e  w i t h  b o t h  b u t  b e t t e r  t o l e r a n c e  o f  i s o m a l t  in  r e l a t i o n  to  d i a r r h o e a .  
T y p e  I I  d i a b e t i c s  t a k i n g  50 g d o s e s  o f  i s o m a l t  a n d  s o r b i t o l  o v e r  a t h r e e  
h o u r  p e r i o d  (7) s h o w e d  t h e  s a m e  p r o p o r t i o n ,  8 o u t  o f  12, r e p o r t i n g  gas-  
t r o i n t e s t i n a l  c o m p l a i n t s .  

T h e  r e s u l t s  p r e s e n t e d  in  T a b l e s  3, 4, a n d  5 s h o w  s i m i l a r  s u p e r i o r i t y  o f  
i s o m a l t  to  sorb i to] .  T h e  d i f f e r e n c e  f r o m  ea r l i e r  t r i a l s  b e i n g  t h a t  t h i s  
s u p e r i o r i t y  w a s  d e m o n s t r a t e d  e v e n  t h o u g h  t w i c e  t h e  a m o u n t  o f  i s o m a l t  
w a s  e a t e n  as  so rb i to l .  M o r e o v e r ,  t h e  s y m p t o m s  w e r e  e x p e r i e n c e d  w i t h  a n  
a v e r a g e  a c u t e  d o s e  l e v e l  o f  s o r b i t o l  o f  o n l y  8 g. 

I n  s e e k i n g  an  e x p l a n a t i o n  fo r  t h i s  w e  n e e d  to  n o t e  t h a t  t h e  l eve l  o f  
s y m p t o m s  in  t h e s e  t r i a l s  w a s  p r e d o m i n a n t l y  s l ight .  C l in i ca l  t r i a l s  s e e k  to  
m e a s u r e  l eve l s  o f  s y m p t o m s  t h a t  a re  c l i n i c a l l y  s i g n i f i c a n t  a n d  i n v o l v e  
s m a l l e r  n u m b e r s  o f  s u b j e c t s  a n d  m o r e  q u a n t i t a t i v e  m e a s u r e s  t h a n  u s e d  in  
t h e s e  t r ia l s .  F o r  e x a m p l e  i t  w o u l d  h a v e  b e e n  i m p o s s i b l e  to  d e m o n s t r a t e  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  t h e s e  t e s t s  w i t h  t h e  n u m b e r  o f  
s u b j e c t s  n o r m a l l y  u s e d  in  c l i n i c a l  s t u d i e s .  

O t h e r  f a c to r s  m a y  h a v e  i n f l u e n c e d  t h e  r e s u l t s  s u c h  as  t h e  h i g h e r  fa t  
c o n t e n t  o f  s o r b i t o l  c h o c o l a t e  a n d  t h e  p o s s i b i l i t y  t h a t  d i a b e t i c s ,  k n o w i n g  
t h a t  t h e  c h o c o l a t e  c o n t a i n e d  sorb i to] ,  o v e r - r e p o r t e d  s y m p t o m s .  I n  p r a c -  
t ice ,  h o w e v e r ,  s o r b i t o l  c h o c o l a t e  u s u a l l y  c o n t a i n s  a h i g h  l eve l  o f  fa t  for  
t e c h n o l o g i c a l  r e a s o n s  a n d  c o n s u m e r s  w o u l d  n o r m a l l y  b e  a w a r e  o f  t h e  
p r e s e n c e  o f  s o r b i t o l  in  c h o c o l a t e  f o r m  t h e  p a c k  copy .  

I n  r e l a t i o n  to  t h e  u s e  o f  i s o m a l t  a n d  s o r b i t o l  in  c h o c o l a t e  t h e  e v i d e n c e  in  
g e n e r a l  s u g g e s t s  t h a t  i s o m a l t  is  a s a t i s f a c t o r y  s u b s t i t u t e  for  s u c r o s e  in  
r e g u l a r  m i l k  c h o c o l a t e  a n d  of fe rs  c l ea r  a d v a n t a g e s  o v e r  s o r b i t o l  in  d i a b e t i c  
c h o c o l a t e .  
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