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OBJECTIVE 
To determine the relationships between viscosity 
using a non-fermentable source (agar) and human 
intestinal microbiota growth by the use of an in 
vitro system that replicated the intestinal phase of 
digestion during 48 h.  

Influence of viscosity on human intestinal microbiota growth 
under simulated physiological conditions 
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Gut Nutrient 
Medium 
 

0.30A 0.60A C 

+ agar dispersion in a magnetic  (A) stirrer at 
different concentration (0.15, 0.30, 0.45 and 
0.60%) 

Autoclave: 
121 ⁰C 
21 minutes 

85 ⁰C 

Orbital shaker, 
 37 ⁰C, overnight 

Rheological 
characterization 
(viscosity) 

Samples: A0, A15 A30, A45, A60 

NaOH/HCl Samples  
0,24,48h 

N2 
pH=6.3 
T=37 ⁰C 
rpm=250 
 

FA0 

NaOH/HCl Samples  
0,24,48h 

N2 
pH=6.3 
T=37 ⁰C 
rpm=250 
 

FA30 

NaOH/HCl Samples  
0,24,48h 

N2 
pH=6.3 
T=37 ⁰C 
rpm=250 
 

FA45 

NaOH/HCl Samples  
0,24,48h 

N2 

pH=6.3 
T=37 ⁰C 
rpm=250 
 

FA60 

+ Faecal  

Slurry (F) 

Plate counting 

Samples:  
T0FA0, T0FA30, T0FA45, T0FA60 
T1FA0, T1FA30, T1FA45, T1FA60 
T2FA0, T2FA30, T2FA45, T2FA60 
 
 
 

The physiologic effects of fibre is attributed to its degree 
of fermentation and viscosity (Slavin, 2005). In the 
gastrointestinal tract, an increment of viscosity due to 
fibre is related to positive health effects. The increment of 
intestinal viscosity caused by fibre ingestion have been 
proved in in vitro (Dikeman et al. 2006) and in animals 
models (Danielson et al. 1997). However, until now it has 
been not studied at gastrointestinal level if the viscosity by 
itself, and no for the microbiota fermentation, has any 
effect on the bacterial growth.  
Additionally, to study the intestinal system, nowadays exist 
sophisticated and trustworthy devices as simgi®, a 
computer-controlled dynamic SIMulator of the 
GastroIntestinal tract consisting of five successive reactors  
(Cueva et al.  2016).  
 

0.15A 0.45A 

From simgi®, samples were taken at 3  
different times: at 0 h (T0), 24 h (T1) and 48 h (T2).  

Table 1. Pearson correlations and significance (p-value) between bacteria growth and 

viscosity measure at 1 and 10 Pa.s. 

  Total 

Aerobes 

Total 

Anaerobes 

Enterobacteriace

ae 

Enterococcus Lactoba

cteria 

Clostridi

um  spp. 

Stafiloco

ccus 

Lactoba

cillus 

ηa,10 

(Pa s) 

Pearson´s 

correlation 
-0.536** 0.434** -0.162 -0.502** -0.077 0.297 -0.295 0.101 

Sig. 

(2-tailed) 
0.001 .008 0.345 0.002 0.657 0.078 0.080 0.557 

** Correlation is significant at the 0.01 level (2-tailed) 

  * Correlation is significant at the 0.05 level (2-tailed) 

Statistically, agar concentration and day affects the 
intestinal microbial growth (Fday>Fagar concentration, pday,agar 

concentration<0.05).  
Additionally, Pearson’ correlation of different bacteria 
species at both shear rates (1 and 10 s–1) was performed 
for viscosity values to study the relation between viscosity 
and the growth (Table 1).  
 
Total aerobes and members of the Enterobacteriaceae 
family showed lower bacterial growth than the rest of plate 
counting at any agar concentration. As it can be observed, 
total anaerobes and Clostridium spp. growth significantly 
more with the viscosity increment. The rest of the bacterial 
groups evaluated showed no significant changes in their 
growth with different GNM viscosities. 

We studied whether viscosity influence gut microbiota 
growth by supplementing the medium with bacteriological 
agar. Depending on the species, the bacteria growth is 
different; also bacteria changed the medium, even keeping 
constant GNM conditions (temperature and pH).  
Along the gastrointestinal tract, there is a constant change 
in viscosity that is not usually taken into account. We 
believe that these changes need to be characterized not 
only for nutrients diffusion but also for gut microbial 
developing. Viscosity has to be taken into account for 
improving in vitro studies where for example fibre 
ingredients are involved. Additionally, from the small 
intestine till the descending colon water is being absorbed, 
then viscosity is changing in an increase fashion, as it is 
influencing in different growth of bacteria species, it is a key 
factor to approximate to the reality the gut in vitro systems. 
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