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O R I G I N A L A R B E I T E N  

Acesulfame K, Cyclamate and Saccharin inhibit the 
anaerobic fermentation of glucose by intestinal bacteria 

M. Pfeffer, S. C. Zieseni tz  and G. S iebert  

D i v i s i o n  of  E x p e r i m e n t a l  D e n t i s t r y ,  U n i v e r s i t y  o f W u e r z b u r g  (F.R.G.) 

Summary  

The caecal microflora of Cara rats was incubated in the pH stat with glucose 
under  anaerobic conditions, and the acid production was measured. In the presence 
of the sweeteners Acesulfame K, Cyclamate and Saccharin, inhibit ion of the fer- 
mentat ion of glucose was observed with EDs0 values of 260, 251, and 140 raM, 
respectively. The nutri t ional relevance of these observations is probably slight; an 
interpretation in terms of bacterial physiology leads to the proposal that the 
sweeteners may act on glucose transport systems at the bacterial cytomembrane. 

Zusammenfassung 

Die Mikroflora des Z~kums yon Cara-Ratten wurde, unter  anaeroben Bedingun- 
gen, in einem pH-Stat mit  Glucose inkubiert,  um die Sfiurebildung zu messen. In  
Gegenwart der Sfi~stoffe Acesulfam K, Cyclamat und  Saccharin wurde eine Hem- 
mung  der Glueoseverg/irung mit den EDs0-Werten von 260, 251 bzw. 140 mM 
gefunden. Die ern~hrungsphysiologische Bedeutung dieser Beobachtung ist wahr- 
scheinlich gering; die Interpretation der Versuehe ffihrt im Rahmen der Bakterien- 
physiologie zu dem Vorsehlag, dab die Sfi~stoffe auf Glucose-Transportsysteme in 
der bakteriellen Zytomembran wirken. 
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In troduct ion  

T h e  a n a e r o b i c  f e r m e n t a t i o n  of c a r b o h y d r a t e s  w h i c h  w e r e  n o t  u t i l i zed  in  
the  s m a l l  i n t e s t i n e  b y  la rge  b o w e l  m i c r o o r g a n i s m s  has  r ece ived  m u c h  
a t t e n t i o n  in  t he  las t  few years  (1, 4, 5, 9). C o n t r i b u t i o n s  f rom this  l a b o r a t o r y  
c o n c e r n  m i c r o b i a l  a d a p t a t i o n  p h e n o m e n a  (2) a n d  a dose-ef fec t  r e l a t ion -  
sh ip  b e t w e e n  a low-ca lo r ic  po lyo l  m i x t u r e  a n d  the  a m o u n t  of  co lon ic  H2 + 
CH4 p r o d u c e d  (3), b o t h  s t u d i e d  in  m a n .  

A t  the  s a m e  t ime,  the  i n h i b i t o r y  a c t i o n  of  the  s w e e t e n e r s  A c e s u l f a m e  K, 
C y c l a m a t e ,  a n d  S a c c h a r i n  o n  the  a n a e r o b i c  f e r m e n t a t i o n  of  sucrose ,  glu-  
cose  and fructose by Streptococcus mutans NCTC 10449 and other oral 
847 
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m i c r o o r g a n i s m s  w a s  d i s c o v e r e d  (10, 11). S i n c e  t h e  s i t e  o f  a t t a c k  o f  t h e s e  
s w e e t e n e r s  h a d  a p p a r e n t l y  n o t h i n g  to  d o  w i t h  t h e  e v e n t s  o f  t h e  g l y c o l y t i c  
cha in ,  i t  s e e m e d  i n t e r e s t i n g  to  c h e c k  w h e t h e r  s u c h  i n h i b i t i o n s  m a y  a l so  b e  
o b s e r v e d  w i t h  a v e r y  d i s t a n t  p o p u l a t i o n  o f  m i c r o b e s ,  n a m e l y  t h e  c a e c a l  
f l o r a  o f  t h e  ra t .  A n a e r o b i c  t e c h n i q u e s  fo r  w o r k  w i t h  i n t e s t i n a l  a n a e r o b i c  
b a c t e r i a  w e r e  d e v e l o p e d  p r e v i o u s l y  in  t h i s  l a b o r a t o r y  (6). I n  t h i s  p a p e r ,  w e  
r e p o r t  o n  a n  i n h i b i t i o n  o f  g l u c o s e  f e r m e n t a t i o n  w i t h  c a e c a l  b a c t e r i a  b y  t h e  
s w e e t e n e r s  A c e s u l f a m e  K,  C y c l a m a t e ,  a n d  S a c c h a r i n .  

M e t h o d s  

Acesulfame K was a gift from Dr. Rymon von Lipinsky,  Hoechst  AG, Frankfurt ;  
Cyclamate and Saccharin as their  sodium salts were commercial  products  of food 
quality. All  other reagents were of analytical  grade. 

Rats of  the Cara strain, indigenous to this laboratory, were sacrificed and further 
processed as descr ibed earl ier  (6). The anaerobical ly recovered caecal content  was, 
wi thout  further washing, suspended  in 5 ml/g fresh weight of 75 mM NaC1, 75 mM 
KC1, 3 mM MgC12 solution. This bacterial  suspension was rapidly transferred to the 
thermosta ted  incubat ion vessel  of a pH stat as descr ibed earlier (8). After addi t ion of 
glucose to a final concentrat ion of 20-50 mM, acid product ion was followed by 
automatic  back-t i t rat ion with 0.02 M NaOH. Sweeteners  were added  stepwise 
dur ing the fermentation.  Evaluations of their  inhibi tory activity were made  with the 
aid of  a Litchfield-Wilcoxon plot, as descr ibed earlier (8). 

Stat ist ical  calculations followed s tandard procedures  as descr ibed (8). 

R e s u l t s  

W i t h  t h e  a i m  o f  c h e c k i n g  t h e  i n c u b a t i o n  s y s t e m ,  a c i d  p r o d u c t i o n  w a s  
f o l l o w e d  fo r  16 h o u r s  (Fig .  1) to  e n s u r e  p r o p o r t i o n a l i t y  w i t h  t i m e  a n d  to  
c h e c k  fo r  t h e  e v e n t u a l  b u f f e r i n g  c a p a c i t y  o f  t h e  c a e c a l  c o n t e n t .  T h e  r a n g e  
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Fig. 1. Acid product ion by caecal bacteria of the rat  from glucose; proport ional i ty  
with time. 20 mM glucose; 37 ~ anaerobic;  final pH 5.2 
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Fig. 2. Propor t ional i ty  of the proton product ion with the amount  of glucose ferment- 
ing caecal bacteria of the rat. 20 mM glucose; 37 ~ anaerobic; back-t i trat ion with 
0.02 M NaOH to pH 7.0 

o f  p r o p o r t i o n a l i t y  o f  a c i d  f o r m a t i o n  w i t h  t h e  a m o u n t  o f  c a e c a l  i n o c u l u m  is 
p r e s e n t e d  in  F ig .  2. 

T h e  n o n - n u t r i t i v e  s w e e t e n e r s  A c e s u l f a m e ,  C y c l a m a t e ,  a n d  S a c c h a r i n  
e f f e c t i v e l y  i n h i b i t  a n a e r o b i c  a c i d  p r o d u c t i o n  f r o m  g l u c o s e  b y  t h e  c a e c a l  
f lo ra  o f  s t a n d a r d - c h o w  f e d  r a t s  (Tab l e  1). I n t e r e s t i n g l y  e n o u g h ,  c a e c a l  
b a c t e r i a  r e q u i r e  6-8  t i m e s  h i g h e r  c o n c e n t r a t i o n s  o f  t h e  i n d i v i d u a l  
s w e e t e n e r s  t h a n  o ra l  m i c r o o r g a n i s m  l i ke  S t r e p t o c o c c u s  m u t a n s  N C T C  
10449, L a c t o b a c i l l u s  L S B  132 a n d  A c t i n o m y c e s  v i s c o s u s  N y  1 no .  30 (10, 
11) to  o b t a i n  t h e  s a m e  i n h i b i t o r y  ef fec t .  

E x p l o r a t o r y  e x p e r i m e n t s  w e r e  m a d e  w i t h  t h e  c a e c a l  c o n t e n t s  o f  r a t s  
w h i c h  w e r e  p r e f e d  w i t h  e i t h e r  0.5 % S a c c h a r i n ,  or  3 % A c e s u l f a m e  K,  o r  
5 % C y c l a m a t e  for  6 w e e k s .  N o  o b v i o u s  d e v i a t i o n s  o f  EDs0 v a l u e s  b e t w e e n  
c o n t r o l  a n d  s w e e t e n e r  f ed  a n i m a l s  w e r e  e v i d e n t  in  t h e s e  e x p e r i m e n t s  
(de t a i l s  n o t  s h o w n ) .  

Table 1. Inhibi tory  action of Acesulfame K, Cyclamate, and Saccharin on anaerobic 
glucose fermentat ion by  caecal bacteria of the rat. (n = 10 animals; pH stat set at pH 
7.0; 37 ~ 50 mM glucose; 250 mg caecal contents per  incubation; back-ti trat ion with 
0.02 M NaOH; inhibi tory activity as EDs0, i.e. half-inhibitory concentration). 

EDs0 (mM) 
X - - - - - S  

Acesulfame K 260 _ 56 
Cyclamate 251 4-_ 47 
Saccharin 140 _ 19 
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Discussion 

T h e  b i o l o g i c a l  r e l e v a n c e  o f  t h e s e  d a t a  h a s  t w o  a s p e c t s :  
1. S i n c e  a m i x t u r e  o f  i n t e s t i n a l  b a c t e r i a  as  w e l l  as  o r a l  m i c r o o r g a n i s m s  

a r e  i n h i b i t a b l e  in  t h e i r  g l u c o s e  f e r m e n t a t i o n  b y  A c e s u l f a m e  K, C y c l a m a t e ,  
a n d  S a c c h a r i n ,  t h e  a c t i o n  o f  t h e s e  s w e e t e n e r s  m o s t  p r o b a b l y  r e p r e s e n t s  a n  
e v e n t  o f  w i d e  o c c u r r e n c e .  T h e  d a t a  o f  t h i s  p a p e r  s u p p o r t  t h e  c o n t e n t i o n  
t h a t  t h e  s i t e  o f  a t t a c k  o f  t h e s e  s w e e t e n e r s  m i g h t  b e  o n  t h e  m i c r o b i a l  
c y t o m e m b r a n e  (10, 11). 

2. T h e  n u t r i t i v e  r e l e v a n c e  o f  t h e s e  r e s u l t s  is p r o b a b l y  sma l l :  t h e  c o n c e n -  
t r a t i o n s  fo r  50 % i n h i b i t i o n  o f  f e r m e n t a t i o n  in  i n t e s t i n a l  b a c t e r i a  a r e  67 
t i m e s  t h a t  o f  S a c c h a r i n  in  so f t  d r i n k s ,  14 t i m e s  t h a t  o f  C y c l a m a t e  in  sof t  
d r i n k s ,  o r  76 t i m e s  t h a t  o f  A c e s u l f a m e  K, a l l  o f  t h e m  c o m p a r e d  on  t h e  b a s i s  
o f  a p p r o x i m a t e l y  s i m i l a r  s w e e t n e s s .  F u r t h e r m o r e ,  t a k i n g  i n to  a c c o u n t  t h a t  
a n y  f o o d  o r  b e v e r a g e  w h i c h  c o n t a i n s  s w e e t e n e r s  b e c o m e s  d i l u t e d  b y  s i a lo -  
g a s t r o - i n t e s t i n a l  s e c r e t i o n s ,  i t  w o u l d  s e e m  h i g h l y  i m p r o b a b l e  t h a t  a n y  o f  
t h e  s w e e t e n e r s  a f t e r  t h e i r  u s e  in  p r o p e r  c o n c e n t r a t i o n s  c o u l d  e v e r  l e a d  to  a 
d i s t u r b a n c e  o f  c o l o n i c  f e r m e n t a t i o n s  in  m a n ,  in  s p i t e  o f  t h e  w e l l - k n o w n  
p r e s e n c e  (7) o f  s o m e  o f  t h e  s w e e t e n e r s  in  t h e  l a r g e  i n t e s t i n e .  
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