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a b s t r a c t

Research was conducted to understand cell wall polysaccharide (CWPs) degradation in

chicory root pulp (CRP) during an in vitro fermentation by human faecal microbiota.

Enzyme extracts (EEs) from CRP fermentation liquids (2, 12 and 24 h) were tested for

enzyme activities towards p-nitrophenyl-glycosides and polysaccharides. The EEs were

also incubated for 24 h on polysaccharides and cell wall residues (CWRs) derived from CRP,

to determine the mechanism and efficiency of enzyme action. The study showed that the

presence of arabinofuranosidase, β-galactosidase, endo-arabinanase, endo-galactanase

and exo-polygalacturonase increased for the 24 h EE, whereas the activity of enzymes

degrading (hemi)cellulose was highest in the 12 h EE. It was hypothesised that increased

levels of arabinofuranosidase, β-galactosidase, endo-arabinanase, endo-galactanase, exo-
polygalacturonase, pectin de-esterifying enzymes and endo-polygalacturonase contributed

to a synergy in degrading pectin in CRP from 12 to 24 h of fermentation. The higher

degradability of arabinan compared to galactan in the network is due to the architecture in

CRP involving more accessible arabinan than galactan.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Dietary fibre encompasses polysaccharides and oligosacchar-
ides that are resistant to absorption and/or digestion in the
human small intestine and end up in the colon where they are
fermented by the human microbiota (DeVries et al., 2001). The
microbiota can utilise fibres for fermentation by expressing a

wide array of enzymes (Flint, Bayer, Rincon, Lamed, & White,
2008). The levels and types of enzymes expressed depend on
the type of polysaccharides present during fermentation
(Sonnenburg et al., 2005). Till date, the activity and mechan-
isms of the different types of enzymes involved in degrading
cell wall materials containing a mixture of polysaccharides are
not fully understood.
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Chicory root pulp (CRP), an agricultural by-product obtained
after inulin extraction, contains a mixture of cell wall polysac-
charides (CWPs) (58 w/w%) especially pectin (62%), followed by
cellulose (27%) and hemicellulose (11%) (Ramasamy, Gruppen, &
Schols, 2013). The latter is mainly represented by xyloglucan
in CRP (Ramasamy et al., 2013). In addition to CWPs, CRP also
contains remaining inulin (6 w/w%) originally present as
a storage polysaccharide (Ramasamy et al., 2013). Pectin in
CRP is abundant in homogalacturonan (HG) (65%) followed by
arabinan (19%) and galactan (11%) (Ramasamy et al., 2013).

In vitro fermentation of CRP for 24 h, using human faecal
inoculum resulted in the utilisation of 86% arabinose, 84%
galacturonic acid and 64% galactose present in the polysacchar-
ides (Ramasamy, Venema, Schols, & Gruppen, 2014). The
utilisation rate of sugars from these polysaccharides increased
after 12 h of fermentation. Although insoluble polysaccharides
from the cell wall were degraded and utilised, no oligomers
were found in the fermentation liquid as degradation products.
Such fermentation characteristics could be due to the type and
levels of bacterial enzymes expressed during fermentation of
specific cell wall components (Jonathan et al., 2013). According
to Jonathan et al. (2013), the level of specific enzymes may also
go down during the course of fermentation.

Along with the expression of sufficient levels of enzymes
during fermentation, the accessibility of polysaccharides within
a cell wall network towards enzyme degradation is regarded to
be crucial in determining the extent to which they are degraded.
The accessibility of polysaccharides for degradative enzymes is

in turn determined by the architecture of the cell wall network
(Guillon, Auffret, Robertson, Thibault, & Barry, 1998). Sequential
removal of polysaccharides from CRP using extractants of
increasing severity provided information on the various poly-
saccharides involved in building up the plant cell wall architec-
ture (Ramasamy et al., 2013). Removal of a polysaccharide from a
cell wall network can alter the porosity of the network and the
CWP arrangement, and may increase the accessibility of other
polysaccharides within the network towards enzymatic degrada-
tion (van Laar, Tamminga, Williams, Verstegen, & Schols, 2000).

Since enzymes are produced by bacteria during fermenta-
tion to cause degradation of polysaccharides, the purpose of
this study is to characterise bacterial enzymes as present
during CRP fermentation by human faecal microbiota. As can
be inferred from above, the action of enzymes may be
determined by the accessibility of CWPs in a network. For
this reason, the study was also aimed to elucidate if CWP
degradation by bacterial enzymes is affected by the accessi-
bility of polysaccharides in the network.

2. Materials and methods

2.1. Substrates

Residues obtained from sequential extraction of CRP were
used to represent different cell wall structures of CRP
(Ramasamy et al., 2013). Residues included were water

Table 1 – Constituent monosaccharide composition of chicory root pulp (CRP), fractions derived from the pulp and
commercial substrates.

Substrates Carbohydrate yield [g in
fraction per100 g in pulp]

mol% Total
sugar
content
(% w/w)

DM
(%)

DA
(%)

Rha Fuc Ara Xyl Man Gal Glc UA

CRP 100 1 0 15 4 4 7 31 38 64 70 43
WUS 87 1 0 12 4 2 7 33 40 68 70 46
CHUS 52 1 0 10 6 3 7 53 19 59 52 91
DAUS 45 1 0 9 8 3 7 61 11 62
CAUS 39 1 0 10 4 1 7 67 10 67

Defined
substrates

References mol% Total
sugar
content
(% w/w)

DM
(%)

DA
(%)

Rha Fuc Ara Xyl Man Gal Glc UA

Beet
pectin

Oosterveld, Beldman,
Searle-van Leeuwen, and
Voragen (2000)

1 7 1 0 11 1 74 59 57 15

Linear
arabinan

Kühnel et al. (2010) 4 0 56 0 0 19 7 14 100

Branched
arabinan

Kühnel et al. (2010) 4 0 67 0 0 14 5 10 100

Potato
galactan

Megazyme 4 0 9 0 0 78 0 9 95

Oat spelt
xylan

Sigma 15 75 10 n.a.

Cellulose Jonathan et al. (2012) 0 0 0 15 1 0 81 1 99

DM/DA: degree of methyl/acetyl esterification expressed as moles of methanol esters/acetyl groups per 100 mol uronic acid, n.a: not available,
a: determined in this study. Rhamnose (Rha), fucose (Fuc), arabinose (Ara), xylose (Xyl), mannose (Man), galactose (Gal), glucose (Glc), uronic
acid (UA).
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