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The effects of sorbitol on the gastrointestinal microflora in 
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Summary: The influence of dietary sorbitol on the quanti ty and quality of faecal 
microflora was studied in Wistar albino rats. The animals were gradually adapted to 
20 % dietary sorbitol or sucrose and faecal samples were analyzed for the numbers  
of major bacteria. No major changes in the numbers  of total aerobic or anaerobic 
bacteria, aerobic streptococci and yeasts were observed after sorbitol feeding but 
sucrose appeared to decrease the total aerobes and anaerobes in the faeces. How- 
ever, sorbitol feeding caused a clear shift in the rat faecal microbial population from 
gram-negative to gram-positive bacteria. All animals were capable of adapting to 
20 % dietary sorbitol or sucrose and withstood sorbitol treatment without problems. 

Zusammenfassung: Der EinfluB von mit der Nahrung zugeftihrtem Sorbit aufArt  
und  Umfang der f~kalen Mikroflora wurde bei Wistar-Ratten untersucht. Die Tiere 
wurden langsam an 20 % Sorbit bzw. Saccharose in der Nahrung adaptiert; Kotpro- 
ben wurden dann auf die Keimzahlen an den haupts&chlichen Bakterien analysiert. 
Sorbit-Ftit terung ffihrte zu keinen grbBeren Anderungen der Zahl von Gesamt- 
Aerobiern und -Anaerobiern sowie aeroben Streptokokken und Helen, wogegen 
Saccharose die Gesamtzahl an Aerobiern und Anaerobiern in den Faeces zu ver- 
mindern  schien. Die Sorbit-F0tterung f(ihrte jedoch zu einer eindeutigen Ver- 
schiebung in der Mikroorganismenflora im Darm yon gram-negativen zu gram- 
positiven Bakterien. Alle Tiere konnten  problemlos an 20 % Sorbit bzw. Zucker im 
Futter  gew6hnt werden. 
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Introduction 

S o r b i t o l  is a po lyo l  e x t e n s i v e l y  u s e d  as a s w e e t e n e r  in  d ie te t ic  a n d  
d i a b e t i c  foods.  T h e  d e v e l o p m e n t  of  so rb i to l  as a suga r  s u b s t i t u t e  has  b e e n  
fo l lowed  b y  e x t e n s i v e  i n v e s t i g a t i o n s  of its safety.  S i n c e  so rb i to l  is 
a b s o r b e d  m o r e  s lowly  f rom the  g a s t r o i n t e s t i n a l  t rac t  t h a n  m o s t  o t he r  
c o m m o n  c a r b o h y d r a t e s ,  it may ,  u n d e r  c i r c u m s t a n e s  of h igh  d i e t a r y  
i n t ake ,  a c h i e v e  c o n s i d e r a b l e  c o n c e n t r a t i o n s  in  the  lower  bowel .  The  mi-  
c r o b i o l o g i c a l  effects  of  so rb i to l  i n  the  g a s t r o i n t e s t i n a l  t rac t  have  r e c e i v e d  
r e l a t i ve ly  l i t t le  de t a i l ed  a t t e n t i o n  a n d  the re fo re  we de c i de d  to d e t e r m i n e  
w h a t  effects,  i f  any ,  d i e t a r y  so rb i to l  exe r t s  on  the  g a s t r o i n t e s t i n a l  mic ro -  
f lora of  the  Wis ta r  a l b i n o  rat. Ear l i e r  s tud i e s  of po lyo l s  in  h u m a n s  (2, 5) a n d  
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in l abora to ry  an imals  (3, 4, 5, 6) have  indica ted  poss ib le  species  d i f fe rences  
in r e s p o n s e  to sugar  subs t i tu tes .  However ,  because  the  e x p e r i m e n t a l  
des igns  were  not  d i rect ly  c o m p a r a b l e  it is not  poss ib le  to ascer ta in  f rom 
the l i te ra ture  w h e t h e r  this is a t rue  species  difference.  

The  p re sen t  s tudy  was  des igned  to obse rve  the  poss ib le  effects  of  
sorbi to l  on the  quan t i ty  and  qual i ty  of  intest inal  microf lora  in rats. 

Experimental 
The  an ima l s  used  were  inbred  SPF-de r ived  s tar ins  of  ma le  Wistar a lb ino 

rats  we i th ing  170-230 g (Univers i ty  of  Sur rey  Animal  Unit) housed  at the  
Unive r s i ty  of  Su r rey  an ima l  facilities. T h e y  were  fed ad l i b i t u m  on Spra t t s '  
P o w d e r e d  L a b o r a t o r y  Diet  for Roden t s  (Sprat ts '  Ltd.,  U.K.) s u p p l e m e n t e d  
wi th  up  to 20 % sorbi tol  or  sucrose.  S u p p l e m e n t a t i o n  was  c o m p l e t e d  b y  
g radua l  adap ta t ion ,  i.e. by  r e p l a c e m e n t  of  the  base  diet  gradual ly  wi th  
sorbi to l  and  sucrose.  Food  and  wate r  c o n s u m p t i o n  were  m e a s u r e d  
weekly .  

Each  g roup  of  an imals  cons is ted  of at  least  five animals .  Details  of  the  
condi t ions  of  an imal  hous ing  and  feeding pa t t e rns  were  as desc r ibed  
earl ier  (1, 5). 

Faeca l  s amp le s  were  col lected f rom all an imals  fol lowing each  w e e k  of  
t r e a t m e n t  as follows. Each  rat  was  held  over  a b e a k e r  unti l  a faecal  
s p e c i m e n  was p roduced ,  the  s p e c i m e n  was  then  t r ans fe r red  wi th  forceps  
to a t u b e  con ta in ing  deae ra ted  Ringer ' s  diluent.  The  fresh weigh t  concen-  
t ra t ions  were  d e t e r m i n e d  by  we igh t  d i f ference  and  the  tubes  t r ans fe r red  
into an  anaerob ic  g love  b o x  (Forma  Scientific,  Marietta,  Ohio, USA). 

E x a m i n a t i o n s  of  anaerob ic  bac te r ia  were  c o n d u c t e d  in an  anaerob ic  
glove-box.  All s p e c i m e n s  and  suspens ions  were  m i x e d  us ing  a vo r t ex  
m i x e r  for  30 seconds  and  serial  tenfold  di lut ions to 10 -7 were  p r e p a r e d  of  
each  sample .  Microbiological  m e d i a  were  p repared ,  pou red  into petr i  
dishes and  s tored  in the  anaerob ic  g love-box  for at least  three  days  pr ior  to 
u s e .  

Aerobic  m e d i a  were  p r epa red  on the  open  bench .  P la t ing  for anaerob ic  
coun t s  was  carr ied out  in the  anaerob ic  glove-box,  whe reas  pla t ing for  
ae rob ic  counts  and  yeas ts  was carr ied out  on the  open  bench.  A spr ing-  
p ipe t t e  (Gilson, France)  g r adua t ed  in 0.1 ml  i n c r e m e n t s  was  used  wi th  
steri le p las t ic  t ips  to t ransfer  inocula  f rom di lut ion tubes  to plates.  F r o m  
each  suspens ion ,  dup l ica te  plates  were  m a d e  at  th ree  di f ferent  di lut ions.  
P la tes  wi th  coun t s  b e t w e e n  15-150, or c losest  to tha t  range,  were  u sed  to 
ca lcula te  the  n u m b e r s  of  o rgan i sms  or co lony- fo rming  uni ts  (CFU)/ml of  
or iginal  suspens ion .  Based  on the  we igh t  of  the  s amp le  used, the  resul ts  
were  ca lcu la ted  as n u m b e r  of  bacter ia /g  faeces.  The  cu l tu r ing  m e t h o d s  
used  were  ident ica l  to those  desc r ibed  by  us earl ier  (5). 

For  g ram-s ta in ing  s t anda rd  loopfuls  of  f reshly  col lected faecal  speci-  
m e n s  were  s u s p e n d e d  in water ,  l ight ly centr i fuged,  hea t  f ixed and  s ta ined 
us ing  the  Bac to  Gram-s t a in  set  (Difco Ltd., Poole,  U.K.). The  relat ive 
a m o u n t s  of  g ram-pos i t ive  and  g ram-nega t ive  bac te r ia  were  e s t ima ted  by  a 
d i rec t  m ic roscop i c  coun t ing  m e t h o d  u n d e r  a high p o w e r  l ight  mic roscope .  
The  o rgan i sms  were  coun ted  in s t andard  fields. All resul ts  were  ana lyzed  
us ing  the  t- test  and  the  K o l m o g r o f f - S m i r n o v  test.  
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R e s u l t s  and  D i s c u s s i o n  

D u r i n g  t he  a d a p t a t i o n  a n d  t r e a t m e n t  pe r i ods  f resh ly  v o i d e d  faeces  were  
co l l ec t ed  f r o m  each  a n i m a l  at  r e g u l a r  in te rva l s .  Whi le  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  so rb i t o l - t r ea t ed  a n d  con t r o l  a n i m a l s  we re  s e e n  for 
s o m e  c o m p o n e n t s  (Tab le  1) of  the  faeca l  flora at  v a r i o u s  t i m e s  no  c lear  
t r e n d s  in  t h e s e  d i f f e r ences  were  a p p a r e n t .  A d a p t a t i o n  to 20% d i e t a r y  
s u c r o s e  a p p e a r e d  to d e c r e a s e  t he  n u m b e r s  of to ta l  a e r obe s  a n d  to ta l  
a n a e r o b e s  i n t h e  faeces  of  Wis ta r  ra ts  (Tab le  1). No d i f f e r ences  in  food 
c o n s u m p t i o n  w e r e  o b s e r v e d  b e t w e e n  the  g roups ,  b u t  so rb i to l - t r ea t ed  rats  
a n d  m i c e  t e n d e d  to h a v e  s l igh t ly  h i g h e r  w a t e r  i n t a k e s  d u r i n g  t he  adap ta -  
t i o n  per iod .  A t  t he  e n d  of  the  a d a p t a t i o n  the  food i n t a k e  of  Wis t a r  ra ts  
v a r i e d  f r o m  21-28 g /day  r e s u l t i n g  in  s o r b i t o l - i n t a k e s  b e t w e e n  4.0-5.5 g/ 
day.  

G r a d u a l  a d a p t a t i o n  to so rb i t a l  was  a s s o c i a t e d  w i t h  a g r a d u a l  i n c r e a s e  in  
t he  r e l a t ive  p r o p o r t i o n  of g r a m - p o s i t i v e  b a c t e r i a  in  the  faeces.  Or ig ina l ly ,  
15-35 % of t he  faecal  bac t e r i a  w e r e  g r a m - p o s i t i v e  in  rats  r e c e i v i n g  a 
c o n t r o l  d ie t  w h e r e a s  af ter  the  a d a p t a t i o n  to 20 % d i e t a r y  so rb i to l  a b o u t  
50-65 % of  t he  b a c t e r i a  p r e s e n t  in  t he  faeces  were  g r a m - p o s i t i v e  (Fig. 1). A 
s i m i l a r  shif t  has  b e e n  o b s e r v e d  in  a n i m a l s  fed a 20 % xy l i to l  d ie t  (1). I n  
so rb i t o l  a d a p t e d  rats  the  m a j o r  c h a n g e s  in  the  t ype s  of  b a c t e r i a  i n v o l v e d  a 
g rea t  i n c r e a s e  in  the  n u m b e r  of  g r a m - p o s i t i v e  cocci  a n d  a d e c r e a s e  in  t he  
n u m b e r  of  g r a m - p o s i t i v e  baci l l i .  H o w e v e r ,  no  c lear  c h a n g e s  in  ba c t e r i a l  
t y p e  w e r e  o b s e r v e d  a m o n g  g r a m - n e g a t i v e  bac ter ia .  T h e s e  c h a n g e s  w e r e  

Table 1. Summary of faecal culture data for Wistar albino rats gradually adapted to a 
diet containing 20 % sorbitol or 20 % sucrose and rats given a control diet. Each 
value is a mean ___ SEM for five rats. 

Week of t reatment  0 2 4 
% added sorbitol or sucrose 0 10 20 
Diet/bacteria Log colony forming units/gram faeces 

Yeasts 
Control 9.69 + 0.24 9.73 _+ 0.16 
Sorbitol 10.30 + 0.30 9.70 + 0.22 
Sucrose 9.93 + 0.82 9.57 + 0.56 

Aerobic streptococci 
Control 7.60 + 0.21 7.53 _+ 0.32 
Sorbitol 7.98 --- 0.19 7.05 + 0.19 
Sucrose 7.72 + 0.22 7.63 + 0.30 

Total aerobes 
Control 9.71 _+ 0.33 9.96 +_ 0.10 
Sorbitol 9.10 + 0.22 9.13 + 0.43 
Sucrose 10.32 + 0.10 9.27 + 0.19 

Total anaerobes 
Control 10.60 _+ 0.11 10.70 + 0.19 
Sorbitol 10.20 __. 0.22 10.85 + 0.17 
Sucrose 9.93 + 0.82 9.11 + 0.42 

9.45 + 0.33 
9.82 _+ 0.20 
9.40 + 0.33 

7.70 ___ 0.27 
7.11 + 0.11 
7.52 + 0.29 

9.3O ___ O.65 
10.50 + 0.33 
7.60*__. 0.82 

10.92 +_ 0.10 
10.05 __. 0.25 
8.02"+_0.18 

* significantly different from controls (p < 0.01) 



94 Zeitschrift f~r Ern~hrungswissenschaft, Band 25, Heft 2 (1986) 

I = 70 
:D 

u 

5O 

~-30 

I I I I 

1 2 3 
Week of treafmenf 

Fig. 1. The percentage of gram-positive bacteria in the faeces of rats receiving a 
control diet (O) or a diet designed to gradually adapt the rats to 20 % dietary sorbitol 
(O) or sucrose ([3) with 5 % stepwise weekly increments. Each value is a mean + SD 
for 10 rats. Significant differences from controls are indicated with an asterisk (p < 
0.01). 

similar to those  descr ibed for xylitol  (3, 4, 5, 7). The decrease in the 
n u m b e r s  of  total aerobes and anaerobes  may  be par t ly  due  to the 
decreased  a m o u n t  of  ca rbohydra te  substrate  enter ing the large intestine. 
This is likely to occur  since no differences in food consumpt ion  were 
observed  and sucrose is absorbed  from the small intestine. 

Our results indicate that  in the rat the bacteria  are readily able to adapt  
to utilise sorbitol. Adapta t ion  m ay  occur  either by selection of microorgan-  
isms capable  of  utilising sorbitol  or possibly  by induct ion  of  sorbitol  
dehydrogenases  in the bacteria already present.  Dur ing the period of  
sorbitol  exposure  quali tative changes  in the popula t ion  of  faecal microor-  
ganisms occur red  (Fig. 1) and these may  be responsible  for the adaptat ion.  

In  conclusion,  oral adminis t ra t ion  of  high doses of sorbitol to rats 
caused  changes  in faecal bacteria to a popula t ion  capable  of  both  surviv- 
ing in env i ronments  conta in ing  high sorbitol  concentrat ions .  These 
changes  appear  to be associated with a marked  shift in the faecal popula-  
t ion f rom gram-negat ive  to gram-posi t ive organisms.  Such  effects may  be 
impor tan t  to the tolerance of  animals to diets conta in ing high concentra-  
t ions of  sorbitol. Therefore  these changes  should  be considered dur ing  the 
safety evaluat ion of  sorbitol  and other  slowly absorbed  carbohydrates .  
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