
Zeitschrift fiJr 

Erniihrungswissenschaft Z. Ern&hrungswiss. 22, 185-194 (1983) 

Bioavailability of glucose from Palatinit | 
S. C. Z iesen i tz  

D i v i s i o n  o f  E x p e r i m e n t a l  D e n t i s t r y ,  S c h o o l  of  D e n t i s t r y ,  U n i v e r s i t y  of  
Wt i r zbu rg  

Summary 

For the sake of metabolic insight into the fate of the sugar substitute Palatinit | its 
two components  D-glucosyl-a(1-, 1)-D-mannitol and D-glucosyl-a(1--*6)-D-glucitol 
[D-glucosyl-a-(1-~6)-D-sorbitol] were assayed for glucose bioavailability by the 
procedure of Karimzadegan et al. using ketotic rats. With conversion rates into 
glucose of 6 and 20 %, respectively, for free mannitol  and glucitol (sorbitol), 39 % for 
glucosylmannitol and 42 % for glucosylglucitol, the metabolic glucose pool of the 
rat does not receive the full carbohydrate complement  of these compounds. The 
preformed glucose moiety of the glucosylhexitols is bioavailable by 36 and 32 %, 
respectively, from glucosylmannitol  and glucosylglucitol, with 50 % as theoretical 
maximum. 

Less than theoretical bioavailability of glucose from Palatinit  | is ascribed to 
microbial attack in the hindgut. The data on rats are held valid also for other species 
demonstrating carbohydrate fermentation in the caecum and/or colon. Differences 
between D-glucosyl-e(1-~l)-D-mannitol and D-glucosyl-a(1-*6)-D-glucitol are 
caused by a differential delay of glucose absorption in the small intestine, also 
exerted by D-glucitol. 

The deep metabolic insight offered by the glucose bioavailability assay into the 
fate of carbohydrates includes the mammal-microbial  symbiosis in the large bowel. 
Since a rather complete survey of the metabolic consequences after their intake can 
be obtained, the assay system should be generally applied in assessments of food 
safety also of other sugar substitutes. 

Zusamm enfass ung 

Zur Vertiefung des Verst~ndnisses vom Stoffwechsel des Zuckeraustauschstof- 
fes Palatinit | wurden seine zwei Bestandteile D-Glucosyl-a(l--~ l)-D-mannit und D- 
Glucosyl-a(l-~6)-D-glucit [D-Glucosyl-a(l-~6)-D-sorbit] nach dem Verfahren yon 
Karimzadegan et al. auf ihre Glucose-BioverfQgbarkeit an ketotischen Ratten 
untersucht. Bei Umwandlungsraten in Glucose von 6 bzw. 20 % f~ir Mmnnit und 
Glucit (Sorbit) sowie von 39 bzw. 42 % for Glucosylmannit und Glucosylglucit 
erh~it demnach der metabolische Glucose-Pool nicht das volle Glucose-Aquivalent 
aus diesen Verbindungen. Von dem Anteil an pr~formierter Glucose in den 
Glucosylhexiten - theoretisches Maximum 50 % - sind nur 36 % aus Glucosylman- 
nit bzw. 32 % aus Glucosylglucit bioverffigbar. 
Die im Vergleich zur Theorie verminderte Bioverffigbarkeit yon Glucose aus 

Palatinit | wird auf partiellen mikrobieUen Abbau in unteren Darmabschnitten 
zurfickgeffihrt Die an Ratten erhaltenen Ergebnisse werden auch for alle anderen 
Spezies gelten, welehe in Caecum und/oder Colon Kohlenhydrate verg~ren. Die 

i) Palatinit| is a registered trademark by SOddeutsche Zueker-A.G., Mannheim; 
generic name: Isomalt 
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Unterschiede zwischen D-Glucosyl-a(1---~l)-D-mannit und D-Glucosyl-a(1---~6)-D- 
glucit werden durch unterschiedliche Verz6gerung der Glucoseresorption im 
Dfinndarm, wo auch D-Glucit angreift, bedingt. 

Die Ermittlung der Glucose-Bioverf~igbarkeit gew~hrt weitgehende Einblicke in 
das Schicksal yon Kohlenhydraten einschlieJMich der Symbiose zwischen 
Saugetier und Mikroorganismen im Dickdarm. Da ein ziemlich vollstandiger 
lJberblick fiber die metabolischen Konsequenzen nach ihrer Zufuhr erhalten wird, 
sollte das Verfahren zur Messung der Bioverffigbarkeit yon Glucose daher bei 
Abschatzungen der Lebensmittelsicherheit anderer Zuckeraustauschstoffe eben- 
falls angewandt werden. 

Key  words: sugar substitutes, D-glucose, bioavailability, D-glucitol (D-sorbitol), 
D-mannitol, Palatinit | D-glucosyl-a(1---~l)-D-mannitol, D-glucosyl-a(1---~6)-D- 
glucitol 

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

Assay procedures  for sugar  subst i tutes  (nutritive sweeteners) include 
screening me thods  according  to the in tended use pattern, e.g. of  non-  
cariogenicity,  as well as a general  survey of  their metabol ic  behaviour  for 
an assessment  of  food safety. 

Sugar  subst i tutes  whose  s t ructure  is derived from c o m m o n  dietary 
ca rbohydra tes  will in mos t  cases enter  in termediary  metabol i sm via car- 
bohydra t e  pathways .  Since glucose degradation,  most ly  by  glycolysis,  
const i tutes  a major  catabolic route  in the body,  contr ibut ions  by  smaller  
a moun t s  of  nutr i t ive sweeteners  of  ca rbohydra te  nature  are usually dif- 
ficult to recognize within  total b o d y  carbohydra te  turnover .  

Yet, an  impor tan t  cr i ter ium of the metabol ic  fate of  sugar  subst i tutes  is 
held to be the a m o u n t  of  glucose bioavailable f rom such c o m p o u n d s  in 
mammals .  The magn i tude  of  glucose supply  by nutri t ive sweeteners  for 
the ca rbohydra te  pool m ay  be exper imenta l ly  de termined  if a per turba-  
t ion of  metabol i sm toward  ketogenesis  is established, and carbohydra tes  
thus  const i tu te  the sole growth-l imit ing nutr ient  (1). 

In  view of  the ra ther  complex  nature  of  bioavallability assays, Palatinit  | 
was chosen  as model  of  sugar  substi tutes,  consis t ing of  equimolar  
amoun t s  of  D-glucosyl-a(1-+ 1)-D-mannitol and D-glucosyl-a(1---~ 6)-D- 
glucitol, respectively2). We wish to demons t ra te  in this paper  the k ind of  
informat ion  obtainable by an invest igat ion of  glucose bioavailabilities 
f rom these two D-glucosylhexitols .  

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

Animals. Weanling male Han: SPF-Sprague-Dawley rats of 3 weeks of age (Zen- 
tralinstitut ffir Versuchstiere, Hannover) were kept individually in plastic cages 
("Macrolon") and supplied with tapwater and test diet ad libitum. The animals were 

2) The formerly used designations (9) a-D-glucopyranosido-l,6-mannitol and a-D- 
glucopyranosido-l,6-sorbitol have been replaced in this paper, according to correct 
nomenclature, by D-glucosyl-a(1---~ 1)-D-mannitol and D-glucosyl-a(1--~ 6)-D- 
glucitol, respectively (cf. Lichtenthaler (2, 3)). 
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al loted to the  e x p e r i m e n t a l  g roups  u n d e r  s t r ic t  r andomiza t ion .  The  rats  were  
h o u s e d  for  t he  t e s t  pe r iods  of  28 days  u n d e r  s t anda rd i zed  cond i t i ons  (22 + 2 ~ r o o m  
t empera tu r e ,  40-60 % rela t ive humid i ty ,  12/12 h o u r s  l ight ldark  intervals)  a n d  w e r e  
w e i g h e d  daily. 

Table  1. C o m p a r i s o n  of  the  e f fec ts  o f  glucose,  hex i to l s  and  g lucosy lhex i to l s  on the  
we igh t  i nc rease  o f  ke to t ic  rats  (Mean va lues  _+ s t a n d a r d  er ror  o f  t he  m e a n  for  n rats). 

Di f fe rences  w i th in  a n d  b e t w e e n  s u b g r o u p s  are  h igh ly  s ignif icant ,  un l e s s  l i s ted  
below: 
G lucosy lm ann i to l  series:  
s ignif icant:  H ~ A, I ~ A, G ~ B, E --~ G; 
weak ly  s ignif icant :  G --* C, D --~ G; 
not  s ignif icant :  I -o H, D --, B, D --, F, E ~ C, F --~ B. 

Glucosy lg luc i to l  series:  
s ignif icant :  S ~ K, O --, M, P ---~O; 
weakly  s ignif icant :  Q -o M, S ---, N; 
no t  s ignif icant :  R ---, K, R ~ S, P ---, N, Q ~ O, P --~ L, N ~ L. 

At t he  2 % as wel l  as at  t he  4 % level  of  a d d e d  g lucosylhexi to l s ,  the  d i f fe rence  
b e t w e e n  D-glucosyl-a(1--~ 1)-D-mannitol  and  D-glucosyl-a(1---~6)-D-glucitol is 
weakly  s ign i f ican t  (0.0135 =< p _-_ 0.05 at 2%, and  0.0264 _-< p -_ 0.05 at 4% glucosyl-  
hexitol ,  respect ively) .  

C a r b o h y d r a t e  % in g roup  n 28-day w e i g h t  
d ie t  gain  (g) 

Initial  w e i g h t  52.8 _+ 0.8 71 

Glucose  0 A 8 43.1 + 3.6 
i B 7 78.4 + 4.5 
2 C 8 118.6 _ 4.8 

Glucose  + m a n n i t o l  1 + 1 D 8 87.0 + 6.2 
2 + 2 E 8 121.1 +__ 3.8 

D-glucosyl-a(1 -~ 1)- 2 F 8 77.2 + 3.7 
D-mann i to l  4 G 8 102.6 + 5.2 

Manni to l  3 H 8 55.7 _-_ 2.6 
6 I 8 56.0 + 2.5 

Initial  w e i g h t  46.2 + 0.5 89 

Glucose  0 K 10 46.0 _+ 2.5 
1 L i0 91.7 _+ 3.3 
2 M 10 126.7 + 4.8 

Glucose  § g luci to l  1 + 1 N 9 80.5 _+ 6.0 
2 + 2 O 10 109.8 + 3.3 

D-glucosyl-a(1 ~ 6)- 2 P 10 92.3 +_. 4.7 
D-gluci tol  4 Q 10 115.7 +_ 3.8 

Glucitol  1 R 10 54.0 + 4.3 
2 S 10 64.2 _ 5.5 
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Diets. The basal diet, free of absorbable carbohydrates (1), consisted of 35 % oleic 
acid, 7.5 % soybean oil, 13.3 % casein (corresponding to 12 % protein), 1% sodium 
hydrogencarbonate,  4.55 % mineral  mixture, 1% vitamin mixture, 0.02 % antioxi- 
dants (each 0.01% of butylated hydroxytoluene and Ethoxyquin) and 37.13 % 
cellulose. 

The experimental  diets were designed to be isocaloric as well as isonitrogenous. 
They contained, for standardization, 0 or 1.11% (w/w) D-glucose monohydrate 
(Merck, Darmstadt) equivalent to 1.0 % D-glucose, or 2.22 % (w/w) D-glucose mono- 
hydrate.corresponding to 2.0 % D-glucose, which were exchanged in the basal diet 
by equal weights of cellulose. D-Glucosyl-a(1--*l)-D-mannitol and D-glucosyl- 
a(1---~6)-D-glucitol, as substances under  assay (obtained from Dr. Schiweck, 
Obrigheim), as well as D-mannitol and D-glucitol (Merck, Darmstadt) and their 
mixtures with D-glucose were - in regard of their respective moisture contents - 
added to the basal diet in exchange for equal weights of cellulose. 

The following experimental  groups were set up: for calibration (3 groups; fig. 1) 0, 
1.0 and 2.0 % glucose; for the assay of glucosylmannitol  (6 groups), 3.0 and 6.0 % 
mannitol,  2.0 and 4.0 % D-glucosyl-a(1---, 1)-D-mannitol, as well as 1.0 % glucose plus 
1.0 % manni tol  and 2.0 % glucose plus 2.0 % mannitol;  for the assay of glucosyl- 
glucitol (6 groups), 1.0 and 2.0 % glucitoI, 2 % and 4 % D-glucosyl-a(1--~ 6)-D-glucitol, 
as well as 1% glucose plus 1% glucitol and 2 % glucose plus 2 % glucitol. The 
theoretical metabolizable energy of the 9 diets comprising each experiment  was 
calculated to be 18.4 MJ/kg _ 0.9 %. 

Due to the high content of oleic acid and other polyunsaturated lipids in the 
rations, basal and experimental  diets were obtained (Ssniff Co., Soest/Westfalen) as 
separate "oil" and "flour" premixes which were (as needed, usually once a week) 
finally mixed mechanically in 1-kg batches. 5 grams each of every batch of the ritual 
diets were, at the end of the experiment, combined and assayed for their combus- 
t ion heats (Ssniff Co., Soest/Westfalen) and found to contain 25.8 MJ/kg _+ 0.4 % in 
the 9 diets used in the glucosylmmmitol assay, and 25.8 MJ/kg + 0.1% in the 9 diets 
for the glucosylglucitol assay; thus, there was no statistically significant difference 
between the combust ion heats of the diets used in the two series of feeding 
experiments (see also table 1). 

Analytical procedures. The calculated concentrations in experimental  diets of 
added carbohydrates (see above) were confirmed analytically in the "flour" pre- 
mixes (see above). They were extracted with methanol or iso-propanol (4); the 
extracts were cleared (5), separated from the precipitate by centrifugation and 
assayed for glucose according to Luff-Schoorl (5), for sorbitol enzymatically (6), and 
for D-glucosyl-a(1---, 1)-D-mannitol, D-glucosyl-a(1-, 6)-D-glucitol, and glucose with 
anthrone (7). 

Statistical analysis. The data were treated statistically using the analysis of 
variance and the method of linear regression. The relative bioavailability of glucose 
was calculated according to the "common-zero, 5-point-slope-ratio assay" (8) from 
the weight gain in 28 days of the following five groups: two glucose calibration 
groups, two groups with the substance under  assay, and the group on the basal diet, 
devoid of any absorbable carbohydrate. 

R e s u l t s  

T h e  c a l i b r a t i o n  of  t he  a s say  s y s t e m  w i t h  g lucose  as sole  g r o w t h - l i m i t i n g  
n u t r i e n t  of  t he  d ie t  is s h o w n  in  f igure  1. T h e  w e i g h t  i n c r e a s e  of  ke to t i c  ra ts  
is s t r i c t ly  p r o p o r t i o n a l  to t he  g l u c o s e  c o n c e n t r a t i o n  of t he  r e s p e c t i v e  diet .  

T h e  g r o w t h  ra te  of  ke to t i c  ra ts  i n  all  e x p e r i m e n t a l  g r o u p s  was  s t r i c t ly  
l i n e a r  d u r i n g  t he  28-day t e s t  pe r iods .  C o r r e l a t i o n  coef f i c ien t s  of  g r o w t h  
v e r s u s  t i m e  w e r e  in  all  g r o u p s  n e a r  r -- 0.988 to 0.999. T h e  f ina l  w e i g h t  ga ins  
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Fig. 1. Calibration of the bioavailability assay of glucose (numbers of animals as in 
table 1, groups "K to M"). Not shown are data for groups "A to C" (cf. table 1) with 
y = 42.3 ___ 37.8 x, r = 0.94. 

a r e  s h o w n  in  t a b l e  1. F r o m  t h e s e  da t a ,  m e a n  v a l u e s  a n d  95 % f i d u c i a l  l i m i t s  
o f  t h e  b i o a v a i I a b i l i t i e s  o f  g l u c o s e  w e r e  c a l c u l a t e d  f o l l o w i n g  t h e  " c o m m o n -  
zero,  5 - p o i n t - s l o p e - r a t i o  a s s a y "  (8) a n d  a re  g i v e n  in  f i g u r e  2. 

O n l y  a v e r y  s m a l l  a m o u n t  o f  g l u c o s e  (6 %) is a v a i l a b l e  f r o m  D - m a n n i t o l  
for  t h e  rat .  F r o m  a 1:1 m i x t u r e  o f  D - g l u c o s e  p l u s  D - m a n n i t o l ,  54 % b e c o m e  
b i o a v a i l a b l e  a s  g l u c o s e ,  t h u s  i n d i c a t i n g  an  a d d i t i v e  s i t u a t i o n  r e g a r d l e s s  i f  
t h e  s i n g l e  c o m p o n e n t s  o r  t h e i r  m i x t u r e s  a r e  fed.  I f  t h e s e  t w o  c o m p o n e n t s  
a r e  f ed  a s  D - g l u c o s y l - a ( l o  1 ) -D-mann i to l ,  h o w e v e r ,  t h e y  a r e  s i g n i f i c a n t l y  
less  e f f i c i e n t  (39 %) t h a n  t h e i r  m i x t u r e  (54 %). S u b t r a c t i n g  t h e  c o n t r i b u t i o n  
b y  D - m a n n i t o l ,  p r e f o r m e d  g l u c o s e  is  b i o a v a i l a b l e  o n l y  b y  36 % (95% 
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Fig. 2. Relative bioavailabil i ty of  glucose from two hexitols and glucosylhexitols.  
The height  of  the columns derives from theoretical  100 % for one part  (e.g. of 
glucose) and, respectively,  from theoret ical  50 % for those diet  components  which 
consist by one half  of glucose (e.g. glucose plus hexitols and glucosyl-hexitols). 
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f iducial  l imits  in the  range  of  33-39 %); thus,  only  72 % of  the  g lucose  
b o u n d  in D-g lucosy l -a (1 - ,  1)-D-mannitol  is m a d e  avai lable  as such  in the  
rat. 

The  hexi to l  D-gluci tol  yields,  in con t ras t  to D-manni to l ,  20 % as glucose.  
G lucose  bioavai labi l i ty  f rom D-glucosyl-~(1---~6)-D-glucitol a m o u n t s  to 
42%, seeming ly  r e s e m b l i n g  the  39% repor t ed  above  for D-glucosyl-  
a ( l ~ l ) - D - m a n n i t o l .  When  the  con t r ibu t ion  by  D-glucitol  is sub t rac ted ,  
however ,  p r e f o r m e d  g lucose  in this  g lucosylgluci tol  is b ioavai lable  only  at  
32 %, thus  d e m o n s t r a t i n g  m o r e  t han  one third " loss"  (64 % of  the  theoret i -  
cal value)  for  glucose,  l inked  to D-gluci tol  by  an a(1--. 6)-bond. 

Surpr i s ing ly  enough,  g lucose  plus glucitol  m ix tu r e s  1:1 d e m o n s t r a t e  a 
b ioavai labi l i ty  of  g lucose  of  39 %, whereas  the  theoret ical  va lue  would  be 
60 % if  addi t ive  b e h a v i o u r  we re  to be  e x p e c t e d  as in the  case of  the  g lucose  
plus  mann i to l  mix tu res .  The  " loss"  of  one thi rd  of  the  ca lcula ted  value,  
t h o u g h  no g lycos ide  bonds  need  to be  cleaved,  m a y  be caused,  in in tact  
animals ,  by  in te r fe rence  of  the  abso rp t ion  of  D-glucose  wi th  ei ther  D- 
gluci tol  or Pala t in i t  | the  m i x t u r e  of  the  two D-glucosylhexi to ls  which  
t hen  was  s tud ied  a) in narcot ized,  in tes t ine-per fused  animals .  

The  ac t ive  abso rp t i on  of  D-glucose  in the  smal l  intes t ine of  SPF--  
S p r a g u e - D a w l e y  rats was  inves t iga ted  wi th  the  in-situ pe r fus ion  techni-  
que  of  Fbr s t e r  and  Menzel  (9) in the  concen t ra t ion  range  of 0 to 50 m M  
glucose.  As s h o w n  in f igure 3, D-gluci tol  and  Pala t in i t  | inhibit ,  unde r  the  

T 
rnrnol glucose absorbed c3~/ .~ 

1,5 .Imean z S.E.M.) .~/~o...~.~.~ 

. / *  . 

0 ; ,; ,; /0 /s /0 /0 15 5;'- 
initial glucose concentration |raM) 

Fig. 3. Influence on glucose absorption in the small intestine by Palatinit | and by D- 
glucitol (according to F6rster*)). 
Significance: Control versus Palatinit | and glucitol highly significant at 5 and 
12.6 mM glucose; weakly significant at 25.2 mM glucose with Palatinit | and at 
50.5 mM glucose with glucitol; not significant at 25.2 mM glucose with glucitol and 
at 50.5 mM glucose with Palatinit | 

*) Prof. Dr. H. F6rster (Frankfurt) kindly provided the data on the absorption of 
glucose as advance information; a detailed publication of these investigations is 
planned for the near future. 

3) Prof. Dr. H. F6rster (Frankfurt) kindly provided the data on the absorption of 
glucose as advance information; a detailed publication of these investigations is 
planned for the near future. 
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expe r imen ta l  condi t ions  chosen,  the  act ive  absorp t ion  of  D-glucose  in the  
small  in tes t ine  of  rats. At  m o s t  of  the  values  taken,  the  inhib i t ion  was  
highly s ignif icant ly  di f ferent  f rom polyol-free  controls;  formally ,  the  
inhibi t ion d e m o n s t r a t e d  a compe t i t i ve  character .  The  ex ten t  of  inhibi t ion 
was a b o u t  the  s ame  at 275 m M  D-glucitol  and  207 m M  Palat ini t  | respec-  
tively. 

D i s c u s s i o n  

The e x p e r i m e n t s  have  d e m o n s t r a t e d  tha t  the  p r e f o r m e d  glucose  f rom 
both  c o m p o n e n t s  of  Pala t in i t  | en ters  m a m m a l i a n  m e t a b o l i s m  to an  
incomple t e  ex t en t  only, the  r e m a i n d e r  be ing  used  in di f ferent  pa thways .  

The  ca lcula t ion  of  the  data  of  f igure 2 arr ives  for Pala t in i t  | (50 par ts  of  
g lucose  and  50 par t s  of  hexi tols)  at a b ioavai labi l i ty  of  g lucose  of 40 %, for 
D-glucosyl-a(1-- ,1)-D-manni tol  at 39%, and  for D-glucosyl-a(1--~6)-D- 
glucitol  at 42 %, respect ive ly .  These  values  inc lude  the  convers ion  rates  of  
the two hexitols ,  6 % for Pala t in i t  | 3 % for D-manni to l ,  and 10 % for D- 
glucitol, respect ive ly .  S ince  one ha l f  of  the  g lucosylhexi to ls  is r ep re sen ted  
by  p r e f o r m e d  glucose,  its b ioavai labi l i ty  is found  at 34 % for Pala t in i t  | 
36 % for  D-glucosyl-a(1-- .  1)-D-mannitol,  and  32 % for D-glucosyl-a(1--* 6)- 
D-glucitol,  respect ively .  In  t h e  average,  one thi rd  of  p r e f o r m e d  g lucose  
escapes  the  c a r b o h y d r a t e  pool  of  the  ketot ic  rat. The  use  of  a "5-point-  
s lope-rat io assay"  (as m e n t i o n e d  u n d e r  Methods)  leads to pract ical ly  the  
same  result .  

Energet ical ly ,  D-g lucosy l -a (1- .  1)-D-mannitol  and  D-g lucosy l -a (1- .  6)-D- 
glucitol  have  been  found  in a g rowth  e x p e r i m e n t  wi th  rats  to be  of  equa l  
value (10), bu t  this a spec t  should  not  be  s t ressed  here  since an assay  of  
glucose b ioavai labi l i ty  centers  a round  the  me tabo l i c  fate of  a c o m p o u n d  
and is, if  at  all, bu t  indi rec t ly  connec t ed  wi th  caloric aspects .  Fu r the rmore ,  
it has  been  r epea ted ly  desc r ibed  (10, 11) tha t  Pala t in i t  | is no t  exc re ted  in 
ur ine or  feces at any  apprec iab le  rate.  

I t  has  been  s h o w n  in e x p e r i m e n t s  wi th  rats  (10-12) and  m a n  (13) tha t  
m ic roo rgan i sms  of  colonic and/or  caecal  origin par t ic ipa te  in vivo in the  
degrada t ion  of  Pala t in i t  | We explain,  on this basis,  the  d imin i shed  glu- 
cose bioavai labi l i t ies  obs e rved  in the  p re sen t  e x p e r i m e n t s  as be ing  caused  
by  microb ia l  f e rmen ta t ions  of  par t  of  the tes t  subs tances  in the  h indgut ,  
because  m a n  and  rat  do not  excrete ,  af ter  a shor t  per iod of  adapt ion,  any  
sizable a m o u n t  of  g lucosylhexi to l s  in feces or  ur ine  (10, 12, and  footnote4). 
In  the  case  of  D-glucitol ,  part ial  mic rob ia l  degrada t ion  has been  demon-  
s t ra ted earl ier  (14) in m a n  and wi th  rats. I t  is a s s u m e d  tha t  dif ferent  
microbia l  pa t t e rns  prevai l  in the  large bowel  and  are respons ib le  for the  
fact tha t  the  g lucose  bioavai labi l i ty  f rom D-glucitol  has  been  found  to be  
higher  (1) in Davis  (California) than  we could d e m o n s t r a t e  (fig. 2) in the  
presen t  expe r imen t .  

Microbial  f e rmen ta t i on  p roduc t s  of  Pala t in i t  | are essent ia l ly  volat i le  
fat ty acids,  as a l ready s h o w n  for m a n y  other  large-intest inal  microb ia l  
f e rmen ta t ions  of  c a rbohyd ra t e s  (15-19). In  consequence ,  a f ract ion of  

4) S. C. Ziesenitz, C. Benning, E. J. Karle, R. Vallon, G. Siebert, unpublished data. 
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ingested ca rbohydra t e  enters  mammal i an  metabol i sm as volati le fat ty 
acids; this fact  expla ins  why  the d iminished  bioavailabil i ty of  glucose (this 
paper)  cannot  be di rect ly  re la ted to the  r educed  caloric uti l ization of 
Palat ini t  | shown in a n u m b e r  of  expe r imen t s  (10-12). 

The  inhibi t ion of  glucose absorp t ion  by  Palat ini t  | (fig. 3) leads to the  
ques t ion  which  of  the  two componen t s  of this sugar subst i tu te  might  be 
respons ib le  for  the effect. The  data  of  the presen t  paper  speak against  
g lucosylmanni to l ,  whereas  the results  of  f igure 2 are an a rgumen t  for 
glucosylglucitol;  in addit ion,  the glucitol moie ty  of  D-glucosyl-a(1-~ 6)-D- 
glucitol  adopts  (3), l ike D-glucitol i tself  (20), a non-linear,  ben t  chain 
conformat ion .  

Besides  these  conformat iona l  aspects  of  glucosylhexitols ,  their  route  of  
adminis t ra t ion  deserves  a comment :  I f  per fused  small intest ines of  anes- 
the t ized animals  are compared  wi th  the  feeding exper imen t s  of this paper,  
the data  on glucose  plus glucitol  (fig. 2 and table 1) point  toward  a pract ical  
re levance  of  the  effect  of  glucitol on glucose  absorpt ion;  according to 
f igure 3, we have  to a s sume  significance also for the inhibi t ion of  g lucose  
absorp t ion  by D-glucosyl-a(1--~ 6)-D-glucitol, especial ly u n d e r  the condi-  
t ion of  low glucose  levels in small intest inal  contents ,  as they  prevail  u n d e r  
Palat ini t  | feeding of  the present  exper iments .  

Very low concent ra t ions  of  glucose are repor ted  for the  contents  of 
d i f ferent  anatomical  parts  of  the gastrointest inal  t rac t  of  rats (10)5), 
whereas  g lucosylhexi to ls  and free hexitols  are found  at substant ia l  con- 
centrat ions.  Accordingly,  there  is even  in the presence  of  glucosylgluci tol  
and/or  glucitol  suff icient  capaci ty  to absorb  glucose effect ively and thus  to 
allow the  format ion  of  ve ry  low ratios of  glucose:glucosylgluci tol  and 
glucose:glucitol .  The  expe r imen t s  men t ioned  above (10) were  pe r fo rmed  
on rats wi th  at least 34.5 % corn  starch, besides  Palat ini t  | in the  diet; 
therefore ,  a large amoun t  of  bound  glucose was present  in the gut, while  
bo th  D-glucosyl-a(1--.1)-D-mannitol  and D-glucosyl -a( l~6)-D-gluci to l  
could  exe r t  their  kinet ical ly di f ferent ia ted inhibi tory  effects on the  cleav- 
age of  mal tose  (10). In the  present  exper iments ,  s tarch was not  inc luded  in 
the  diet. The  observed  inhibi t ion of  glucose absorpt ion  (fig. 3) can there-  
fore  be in te rpre ted  as a de lay  of  the absorp t ion  process.  Under  such 
c i rcumstances ,  more  ca rbohydra tes  will be accessable  for  microbia l  degra- 
dat ion in the  large intestine;  we thus  explain  the non-addi t ive  behaviour  of  
g lucose  plus  glucitol mix tu res  (fig. 2) and the d iminished  bioavailabil i ty of  
p r e fo rmed  glucose f rom D-glucosyl-a(1-~ 6)-D-glucitol in compar i son  with 
D-glucosyl-a(1---> 1)-D-mannitol. 

Hexi tols  m a y  be of  re levance  for g lucose  metabol ism,  as shown in the 
presen t  expe r imen t s  for free hexi tols  as well as for certain types  of 
glucosidic  bonds  be tween  glucose and  hexitols;  the cont r ibu t ions  of  
small-intestinal  p rocesses  (carbohydrates ;  glucose absorpt ion)  and of  the 
large-intest inal  symbiosis  be tween  mammal s  and microorganisms  serve 
as explana t ions  for the  observat ions  repor ted  in this paper.  The  com- 
prehens ive  and deep  insight, thus  offered by  an invest igat ion of  glucose 
bioavailabili ty,  into the metabol ic  fate of  Palat ini t  | becomes  evident  f rom 
the above  considerat ions.  It  would  be highly desirable - if not  m a n d a t o r y -  

5) S. C. Ziesenitz, C. Benning, E. J. Karle, R. Vallon, G. Siebert, unpublished data. 
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to e x t e n d  s u c h  s t u d i e s  a lso to o the r  p r o m i s i n g  suga r  s u b s t i t u t e s  as o n e  of 
the  c r i te r ia  of  food safe ty  a s s e s s m e n t s .  T h e  o b s e r v a t i o n s  of th i s  p a p e r  o n  
the  ra t  are  i n  p r i n c i p l e  a p p l i c a b l e  to all  o the r  spec ies  w h i c h  d e m o n s t r a t e  
m i c r o b i a l  a t t a c k  on  c a r b o h y d r a t e s  i n  t he  h i n d g u t .  
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