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WHAT ARE WE TALKING ABOUT? 
DEFINITION OF PREBIOTICS 

https://isappscience.org/

Current accepted definition 2016

“a substrate that is selectively utilized by host 
microorganisms conferring a health benefit”



A WIDE OPEN DEFINITION
ØMany microbe species
ØMany host organisms
ØMany target organs 
ØMany target functions
ØMany candidate molecules
Ø…….

GUT MICROBIOTA
DIETARY FIBERS PREBIOTICS



https://isappscience.org/

But the list is growing: polyphenols… 



…. then treatments known to block inflammation in the GI, such as the 
administration of prebiotics or treatment with the probiotic bacteria A. 
muciniphila, could be implemented in space to reduce the risk of diseases 
associated with chronic inflammatory responses. …..

ASTRONAUT MICROBIOME IS AFFECTED DURING SPACE MISSIONS



EXPERIMENTS WITH PREBIOTICS ARE CONDUCTED ON BOARD THE ISS

(http://www.understandinganim
alresearch.org.uk)



….In addition, alterations in …. such as the synthesis of propionate, butyrate, and glutamate, in our study also 
indicated that the gut microbiome may play a role in mental disorders such as anxiety … and depression … in those 
confined in the BLSS….

EXPERIMENTS WITH PREBIOTICS ARE TARGETED TO BLSS



Raffinose, stachyose and total NSC content on produce 
obtained in the FEG. (mg 100 g FW-1)

MIN. 0,8 % of NSC

MAX. 3,1 % of NSC

INT. GEN. X ENV.

Preliminary results in previous projects 

ID: 636501 https://eden-iss.net/



Preliminary results in previous projects 

ID: 636501

FOS in different lettuce tissues obtained in the FEG facility during 
the mission in Antarctica. (% of the DW).

CONCLUSIONS
Limited amounts on vegetables not selected for prebiotic content 

INT. GEN. X TISSUE



The new project

In-situ REsource Bio-Utilization for life Support system 
(ReBUS)

Agenzia Spaziale Italiana



Prebiotics

WP 5000 CNR
WP 5200 Prebiotics in plants and waste materials

Production and analysis
of materials

WP 6000 ISS
WP 6100 Prebiotics and well being: animal model 
and study proposal on board the ISS

Simone Macrì & Francesca Zoratto
Centre for Behavioral Sciences and Mental Health

Istituto Superiore di Sanità (ISS), Roma

Rationale
àSupport the hypothesis that the prebiotic properties of fructans, extractable

from vegetables grown in BLSS, have a positive effect on individual
psychophysical well-being

(http://www.understandinga
nimalresearch.org.uk)



CarboPac PA 200 in HPAEC-PAD - (ICS-5000 ThermoScientific) 

Chromatographic profile of polysaccharides analysed by IC: 
• degree of polymerization (DP) 
• quantification of the FOS 

(through mild acid hydrolysis to obtain the cleavage of glucosidic bonds of fructo-oligosaccharides in glucose and fructose monomers)

METHODS UPGRADE



First step: 
Selection of species that: 

Ø Are small in size
Ø Fast growing
Ø Known to be edible (the full plant!)
Ø Contain a lot of prebiotics
Ø Can grow nicely in fully controlled environment
Ø Respond to modulation of growth conditions 



Fructo-oligosaccharides (FOS) in different plant 
species, tissues and development stages 

Plant species Tissue and development stage

Dandelion (Taraxacum officinale) Leaves and roots of plant
Raponzolo (Campanula rapunculus) Leaves and roots of plant

Dandelion (Taraxacum officinalis) Raponzolo (Campanula rapunculus)



Dandelion (Taraxacum officinale): leaves and roots

Roots
Leaves

Carbohydrate content on leaves and roots on dandelion 

(Total content of soluble carbohydrate in roots and leaves = 4,0 % of the DM)

Glucose Fructose Sucrose Raffinose 1-Kestose Nestose

Root 2,7 36,8 10,0 0,4 22,1 28,0
Leaf 43,2 44,3 7,2 0,5 3,3 1,5



Fructans in Campanula rapunculus
DP  an content as % of the DW

DP 
Fructans % 

(mainly FOS)
mean s.e mean s.e

Leaf 8,10 2,15 1,11 0,17
Root 16,91 0,63 14,80 0,18

Campanula rapunculus: leaves and roots
Leaves after mild acid hydrolysis

Roots after mild acid hydrolysis

Leaves of C. rapunculus

Roots  of C. rapunculus

THE WHOLE 
PLANT IS EATEN



Second step: 
Control of fructans accumulation:
Ø Nitrogen
Ø Light 



Cultivated species (Cichorium) with high fructans content
Effects of growth conditions (N availability) on prebiotics content

In greenhouse:  leafy vegetables 
accumulating fructans:

Cichorium intybus cv Pan di zucchero
Cichorium endivia cv Romanesca

Treatments: Calcium Nitrate (12 mM)

LIMITED ENVIRONMENTAL CONTROL 



Fructo-oligosaccharides contents
of Cichorium varieties

EFFECT OF N TREATMENT

Cichorium intybus  cv  Pan zucchero

Control N treatment
TAP ROOTS mean se mean se
Fructans % (g 100 g F.W.-1) 7,9 0,5 6,4 1,1
Fructans (mg plant-1) 82,16 2,1 64,64 3,7
LATERAL ROOTS mean se mean se
Fructans % (g 100 g F.W.-1) 2,4 0,3 1,4 0,3
Fructans (mg plant-1) 158,4 3,4 81,62 2,2
Fructans (mg plant-1) 240,56 146,26

Cichorium endivia  cv Romanesca

Control N treatment
TAP ROOTS mean se mean se
Fructans % (g 100g F.W.-1) 5,9 0,8 10,8 0,5
Fructans (mg plant-1) 48,97 2,1 258,12 10,3
LATERAL ROOTS mean se mean se
Fructans % (g 100 g F.W.-1) 1,8 0,4 3 0,3
Fructans (mg plant-1) 217,26 9,1 448,5 4,0
Fructans (mg plant-1) 266,23 706,6

LIMITED ENV. CONTROL 

NITROGEN EFFECT MIGHT DEPEND 
ON SPECIES AND ORGANS



Cichorium intybus cv  Cicoria di Chiavari

Fructans in the TAP ROOT
% (DW basis) g plant-1

mean se mean se
HIGH LIGHT 57,5 3,7 4,5 0,9

LOW LIGHT 55,6 3,2 2,6 0,8

GROTH LIGHT INTENSITY MIGHT 
FAVOUR FRUCTANS PRODUCTIVITY 

VIA PROMOTION OF GROWTH 

Fructo-oligosaccharides contents
of Cichorium varieties

EFFECT OF LIGHT INTENSITY

HIGH ENV. CONTROL 



Conclusions
Ø Prebiotic producing vegetables can be included in BLSS as leafy-

root vegetables
Ø Species selection is still an open question although promising 

candidate are available
Ø Physiology (and molecular biology) of prebiotics accumulation is 

a largely open question 
Ø Growth variables in BLSS can help controlling prebiotics 

accumulation and productivity
Ø The role of prebiotic rich vegetables on human (and animal) 

psychophysical well-being is a relevant research topic for both 
the Earth and Space
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