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WHEAT ARABINOXYLANS:
STRUCTURE, EXTRACTION AND CHARACTERISTICS

Abstract

Wheat bran is a by-product of conventional milling and is commercially available in large quantities. Beside its high con-
tent of dietary fibre it contains proteins, minerals as well as vitamins and others biologically active components. In recent years,
there have been designed different approaches to incorporation of wheat bran in food products to optimize composition or physiolog-
ical effects. Industrial wheat bran is one of the most representative available hemicellulosic rich products. Arabinoxylans are the
predominant non-starch polysaccharides found in the structural matrix of cell walls in wheat grains, being present in large quanti-
ties in wheat bran, accounting for up to 15-20% of its composition.

Their physicochemical properties define their functionality which can be beneficial in cereal-based products such as bread,
where their addition could enhance the gluten matrix responsible for the aerated structure and quality of bread. A potential source of
arabinoxylans is its extraction from the wheat bran based low value as an end product of the milling process. The benefits of extrac-
tion are twofold, to enhance nutritional value wheat by-product reducing fibre content and produce a high value product for use as
a functional ingredient in the bread making industry and in others foods. Extraction of arabinoxylans involves many possibilities for
obtaining substances with different physicochemical properties, giving opportunity for integration in functional foods. Functional
behaviour includes viscosity, water solubility, water holding capacity, oxidative cross linking and gel formation and foam stability,
which are all reported to be affected by the physicochemical properties of arabinoxylans, as well as chain to chain interactions with
other polymers and with the solvent.

Currently no commercial supply of arabinoxylans is available in sufficient quantities to conduct functionality trials; there-
fore the objective of the current work was to study the feasibility of extracting arabinoxylans from the bran for future developing and
scaled-up extraction process based on the analyzed methods and approaches.

Keywords: arabinoxylans wheat, structure, classification, method of extraction, physicochemical properties, molecular
weight, viscosity, water solubility.

Wheat is among the oldest grown of all crops. phytate content, brownish colour and gritty mouth-feel
Nowadays, in terms of production, wheat ranks first might limit acceptance as food. In recent years, there
among all cultivated plants. The estimated production of have been designed different approaches to incorporation

wheat in 2019 in Ukraine is 75 million tonnes, of which of wheat bran in food products to optimize composition
Triticum aestivum is the predominant species. The major or physiological effects. Its use as a source of dietary
use of wheat is for human consumption. fibre is indicated by epidemiological and experimental

Wheat bran is a by-product of conventional studies, which pointed to possible effects against colon
milling and is commercially available in large quantities. cancer. Moreover, human intervention studies indicated
Beside its high content of dietary fibre it contains pro- that wheat bran, but not oat or corn bran, significantly
teins, minerals as well as vitamins and others biologically decreased the levels of several tumour promoters in the
active components [1, 2]. colon [3].

Despite the presence of physiologically relevant Industrial wheat bran is one of the most repre-

nutrients, wheat bran is not a significant component of sentative available hemicellulosic rich products. The
the human diet, but is mainly used as animal feed; high main hemicellulosic component is the arabinoxylans,
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which consists of two pentose sugars: arabinose and xy-
lose.

Anatomically, the aleurone layer constitutes the
outer layer of the endosperm. However, due to its high
adherence to the pericarp, it is found predominantly in
the bran fractions after milling. In wheat, aleurone con-
sists of a mono-layer of cubic cells with cell walls being
6 — 8 mm thick. The cell walls consist mainly of polysac-
charides, arabinoxylans (AXs) being the predominant
fraction. AXs represent a considerable part of the build-
ing blocks of cell walls in cereals. These nonstarch poly-
saccharides are of growing importance in human diets
with health promoting characteristics and are a major
determinant in the performance of cereals in biotechno-
logical processes [3, 4].

AXs are valuable compounds and wheat bran
may be a source of choice since it is a highly available
and cheap agriculture by-product. The commercial value
of AXs stems mainly from their applications as food in-
gredients, but various other prospects have been arising
in many industrial sectors, such as cosmetics, pharma-
ceutics, traditional or green chemistry, etc [5].

Recent research has focused on the bioactivities
and health benefits of cereal AXs. Based on the scientific
data obtained in intervention studies, the European Food
Safety Authority (EFSA) has approved that the health
benefit of the reduction of post-prandial glycaemic re-
sponse can be claimed on foods containing more than 4,8
g. of wheat endosperm AXs per 100 g available carbohy-
drates [6].

AXs can be used as a source of fiber, providing
the known associated health benefits. Moreover, the
prebiotic character of arabinoxylooligosaccharides
(AXOS) has attracted a great deal of interest in the field
of nutrition, both in scientific research and in food appli-
cations, or as feed additives [7, 8].

A prebiotic is a non-digestible and selectively
fermented food ingredient that allows specific changes,
both in the composition and/or activity in the gastrointes-
tinal microflora that beneficially affects the host [9, 10].

A second potential health benefit may result
from the phenolic acids associated to AXs, and which are
known to exhibit very strong antioxidant, free radical
scavenging and anti-inflammatory activities. Ferulic acid
associated with AXs (linked or not) was demonstrated to
have strong antioxidant activities (mainly when not
bonded) [11].

Moreover feruloylated AXs decreased the oxi-
dation of human low density lipoprotein, i.e. a potential
role in preventing or reducing the progression of athero-
sclerosis, AXs exhibit functional properties related to
their molecular mass, which may affect the structure, the
texture or the appearance of food products [12, 13].

Thus, the incorporation of bioactive AXs into
foods becomes an alternative method to enhance the nu-
tritional values of foods. The aims of this review are to
analyze existing methods of isolation AXs from wheat
bran, their functional properties and the health benefits
and to examine the changes in the extractability and mo-
lecular features of AXs [12].

AXs are branched polysaccharides found in the
outer layers and endosperm of cereal cell walls. They
were first isolated in wheat flour in 1927 by Hoffman,
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being referred to as pentosanes, and since then have been
found in cereal grains such as barley, oats, rye, rice sor-
ghum, corn, maize and millet and plants such as bamboo,
rye grass, flaxseeds and banana peel. They are of interest
due to their functional properties, and have potential to
be exploited for both food and non-food uses [14, 15].

To understand the occurrence of AXs in wheat,
the structure of the wheat grain must be examined. Com-
plex architecture of the wheat kernel, which is made up
of many different tissues, each having cell walls of dif-
ferent compositions and properties, within which AXs,
along with other constituents. A wheat grain is on aver-
age between 4 to 10 mm in length, with a width and
depth from 2,5 to 4,5 mm, being widest around the mid-
dle of its large axis, and weighs about 35 mg, these fac-
tors vary depending on the location of the grain in the
growing spike, the wheat cultivar and the growing envi-
ronment. Each grain is a seed, and in the right conditions
is viable to germinate and grow into a new plant [16, 17].

It is important to note that bran is not a botanical
term; it is a term referred to by millers, being made up of
two principal components, the pericarp and aleurone lay-
ers. Botanically, the aleurone is part of the endosperm;
but it is generally removed during the milling process
along with the pericarp, nucellar tissue and seed coat to
form bran. The percentage of bran in comparison to en-
dosperm and the germ is shown in table 1 [10, 18, 19].

Table 1 - The % of bran, endosperm and germ from
a wheat grain of Ukraine

Grain constituent % of grain®
1 2 3 4
Endosperm 82,9 || 80,7 || 81,6 | 81,7
Bran 14,6 16,4 15,0 15,3
Germ 2,5 2,9 3,4 2,9

*Winter wheat varieties: 1- Bezostaya 1; 2- Odeska 162;
3 — Albatros Od; 4 — average value;

A grain is predominantly made up of starchy
endosperm (~69%), with non-starch polysaccharide and
protein both representing around 11% of the total com-
position, sugars and oil 3% each, ash 2% and lignin 1%.
When wheat is milled, the purpose is to separate the
starchy endosperm from the outer bran layers of the grain
in differing proportions and fractions for use in various
commercial processes, with the bran a by-product that
generally goes to animal feed.

Commercial wheat bran is made up of the outer
layers of the grain (pericarp, testa and nucellar layers),
the aleurone layer and remnants of starchy endosperm,
and typically contains 38% glucuronoarabinoxylan, 16%
cellulose, 6,6% lignin, 25% protein and some (1,3)(1,4)-
B-D-glucans. Presence of AXs and B — glucan in the
aleurone cell walls of the wheat grain, which forms part
of commercial wheat bran. To perform the function of
protecting the kernel, cell walls in bran tissues are thick,
hydrophobic and formed primarily of cellulose, complex
xylans and lignin [20, 21].

These cell walls are therefore a good source of
AXs, which is found as part of the complex xylans in the
cell walls of each of these tissues in differing propor-
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tions. In contrast, cell walls in endosperm are thin, hy-
drophilic and formed mainly of two polymers: AXs and
(1,3)(1,4)-p-D-glucans, with small amounts of
glucomannan, cellulose, structural protein and
arabinogalactan peptides [21, 22]. This is because the
components of the cell walls have different functions
within the grain, and it is reasonable to hypothesise that
extracted AXs would have different functional properties
as a result. Although AXs are a minor constituent of the
entire grain, around 6 — 8%, they are the major hemicel-
lulose component in the non — starch polysaccharide
(NSP) content of the cell wall in all the grain’s tissues
[23, 24]. NSP represents 2 — 2,5% of endosperm, and
46% of wheat bran content, being made up of 70% AXs,
24% cellulose and 6% B-glucans, with minute amounts of
glucomannan and arabinogalactan from aleurone and
endosperm cells also present. [16, 23, 25] The amounts
of AXs found in wheat bran have been reported by sever-
al workers, as summarised in table 2, ranging between 11
and 25% of bran, in contrast to 1 — 3% AXs found in
endosperm.

Although whole bran is a good source of AXs,
its content within the tissue components of the different
bran layers in the grain varies. Pericarp and test a contain
the highest levels of AXs (~64 — 70% of the cell wall),
while aleurone contains lower levels of 1,8 — 4% [15, 26-
28].

Table 2 - Amount of arabinoxylans in wheat bran and

endosperm

Source Total Ar(z:)Zl)noxylans Author
Whole Grain 6-38 [3]
Bran 17,7 [12]
Bran 19 [26]
Bran 19,38 [13]
Bran 20 —25 [15,20]
Bran 25 [29]
Coarse Bran 11,5-22,5 [ 30]
Endosperm 1,37 -2,06 [13,23]
Endosperm 2-3 [31]

Araf Araf

(<)

Fractions containing 4% pearlings had the high-
est AXs content for all cultivars, ranging from 20 — 35%
dry matter (dm) of the fraction, in comparison to 12%
pearlings with 7 — 12 % (dm), whole bran which con-
tained 11,5 — 22,5% (dm) and whole grain which con-
tained 4,5 — 9% (dm). This work reflects that 4%
pearlings contain mainly pericarp, which has the highest
level of AXs, whereas 12% pearlings are more likely to
contain aleurone and some starchy endosperm with re-
duced levels of AXs.

Structure of AXs

All AXs in wheat grain have a general structure
formed from the monomers a-L-arabinose and B-D-
xylose, conformed as linear (1-4)-B-D-xylopyranosyl
(xylp) chains with a-L-arabinofuranosyl (araf) residues
attached as side branches. Three dimensionally, their
structure is a random coil conformation that exhibits var-
ying degrees of flexibility [23].

This is due to the botanical source, and the het-
erogeneity displayed in the degree of substitution, substi-
tution pattern, molecular weight and coupling of ferulic
acid to other AXs molecules or the cell wall by AXs
from different tissues in the grain [27, 33].

The arabinose to xylose ratio is often used to
characterise the structure of AXs, however this ratio only
reflects the amount of arabinose to xylose on the chain
and does not describe the substitution pattern, which bet-
ter describes their structure. Together these features af-
fect the capacity of AXs to interact with each other
and/or with other polysaccharides, and determine the
physical and functional properties of the macromolecules
[16, 21, 24].

Four basic building blocks can be seen in the
molecular structure of AXs, as shown in figure 1, and it
is the configuration of these that make up the molecule’s
substitution pattern. Arabinose residues can be linked
along the xylan backbone at the C(O)-2 or C(0O)-3 posi-
tions (a, b) or both C(0)-2 and C(O)-3 positions (c), or
the xylose can be unsubstituted (d).

Although based on the same basic structure, a
clear difference is evident in the structure between AXs
found in wheat bran and endosperm.

Xylp

(d)

Fig. 1 - The four main building blocks in the molecular structure of AXs [13]
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Fig. 2 - Main structural features of AXs from Endosperm (a) and outer tissues (b) of cereal grains A: arabinose; X:

xylose; G: galactose; Ga: glucuronic acid; F: ferulic acid; uX: unsubstituted xylose; dX: di-substituted xylose; mX3:

0-3 mono-substituted xylose; mX2: O-2 mono-substituted xylose (rare in wheat endosperm AXs) [21]
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Structure of wheat bran AXs

The main structural differences between wheat
bran AXs and endosperm are shown in figure 2. As with
endosperm AXs, wheat bran AXs display arabinose resi-
dues linked at the C(0O)-2, C(O)-3 or both C(O)-2 and
C(0)-3 positions to the xylose backbone, along with the
presence of ferulic acid at C(O)-5. The difference is the
presence of uronic acid, mainly glucuronic acid at the
C(0)-2 position and ferulic and p-coumaric acids esteri-
fied to some of the arabinose residues, along with short
side chains of a-(1-2)- and a-(1-3)- linked arabinose. As
a result, these molecules are sometimes referred to as
glucuronoarabinoxylan’s [15, 20].

The many tissues making up wheat bran have
different AXs structures, and depending on the origin of
AXs, the degree of substitution (A/X ratio) can vary from
0,2 to 1,4 due to the proportion of open and branched
regions on the polymer chain [15, 16]. AXs from the
aleurone layer and the intermediate layers (comprising
nuclear epidermis and seed coat) are characterized by
low A/X ratios (0,3 — 0,5 and 0,1 respectively), while the
A/X ratio of outer pericarp (epidermis and hypodermis)
is much higher at 1,1 [21, 26].

Monomeric ferulic acid is present in higher lev-
els in the AXs found in aleurone than in the outer peri-
carp. Cross linking between AXs chains can occur
through the formation of diferulate bridges. The average
number of xylose units between diferulate bridges is rep-
resented by the molar ratio of xylose to ferulic acid mol-
ecules and indicates the level of cross linking. Using this
ratio, AXs of the aleurone layer and pericarp are 2 and 6
times more cross linked than the intermediate layers,
respectively [26].

A/X ratios of overall wheat bran AXs populations
range from 0,54 to 0,71 and water — extractable AXs
(WEAX) and alkali-extractable AXs (AEAX) with A/X
ratios of 0,45 and 0,82 respectively, have been isolated
from wheat bran. Ferulic acid and diferulic acid levels
are 4,3 — 6,6ug/mg and 0,3 — 0,8 ug/mg, respectively. An
average molecular weight (MW) of 293 kDa has been
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determined for wheat bran AEAX, although WEAX and
AEAX molecular weights between 50 to above 2000 kDa
have been isolated [15, 16].

Enzyme technology treatment of wheat bran AXs
Many of the wheat bran bioactives occur bound
to fiber or protein, and trapped in the aleurone cells. This
is the case of the phenolic acids that are covalently bound
to cell-wall polysaccharides, mainly to AXs. The back-
bone of AXs is composed of b-(1,4)-linked xylose resi-
dues, which can be bound to arabinose residues on the
C(0)-2 and/or C(0O)-3 position. Ferulic acid can be ester-
ified on the C(O)-5 position of arabinose in figure 3.
Most of the ferulic acid in wheat bran is bound to AX,
which limits its bioaccessibility and bioavailability from
bran rich products [34 — 36].

There are numerous enzymes targeting specific
linkages of the AXs structure. Endo-b-(1,4)-D-xylanases
cleave the xylan backbone internally, b-D-xylosidases
remove xylose monomers from the non-reducing end of
xylooligosaccharides, o-L-arabinofuranosidases remove
arabinose substituents from the xylan backbone, and
ferulic acid esterase’s remove ferulic acid groups from
arabinose substituents [37, 38]. Therefore strategies that
involve the use of these and other enzymes are likely to
cause a food matrix restructure that facilitates the release
of the embedded compounds, such as ferulic acid. Fur-
thermore, a synergy in the enzymatic release of ferulic
acid from wheat bran has been reported for ferulic acid
esterase and xylanases, which makes the combination of
these enzymes an interesting approach to improve the
ferulic acid bioaccessibility. It has been observed that
treatment of wheat bran insoluble dietary fibre with
xylanases released feruloylated oligosaccharides from the
bran and feruloyl oligosaccharides have been reported to
protect against oxidative DNA damage in normal human
peripheral blood lymphocytes [39].

Treatment of wheat fiber with the hydrolytic en-
zymes (mainly 1,3-b-glucanase and xylanase activities)
of Tricoderma produced an increase in the soluble fiber
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as well as a four times increase of the water extractable
ferulic acid. In another study with wheat grain treated
with the fungi Aspergillus, a positive correlation was
found between the phenolic content of the wheat extracts
and the activities of the hydrolyzing enzymes a-amylase,
b-glucosidase and xylanase [40].

xylan backbone
cross-linking

by dimer of

ferulic acid T

-bound ferulic acid

O Xylose
B Arabinose

’ Ferulic acid
COOH

OH

a(1,2) A

HO
ester bond

ocu3

Fig. 3 - Ferulic acid bound to the AXs structure in
wheat bran

Moore et al. tested five commercial foods — grade
enzyme preparations with reported enzyme activities,
such as b-glucanase, cellulose, polygalacturonase,
aminopeptidase, and other side activities, on wheat bran.
The most efficient enzyme preparation (mainly b-
glucanase activity) released 50% of the insoluble bound
ferulic acid to its soluble free form, which is the
bioaccessible form. Other bound phenolic acids were also
released by the enzyme treatment, such as p-coumaric
acid, syringic acid and vanillic acid. The increase in free
phenolic acids was in line with an increase in the antioxi-
dant capacity, measured by different assays: hydroxyl
radical scavenging, DPPH scavenging, ABTS scavenging
and oxygen radical absorbing capacity [41].

In a study by the authors, wheat bran was treated
with an enzyme mixture, consisting of xylanase, b-
glucanase, cellulose, a-amylase and ferulic acid esterase,
before adding it to wholemeal flour for bread making.
The main enzyme activities of this treatment were
xylanase and b-glucanase activities. The enzyme treat-
ment was applied on yeast fermented bran to enrich
wholemeal bread. The bioaccessibility of phenolic acids
from wholemeal bread with enzyme treated and ferment-
ed bran was compared to that with just fermented bran in
the TNO Intestinal Model (TIM) of the gastrointestinal
tract. The bioaccessibity of ferulic acid, p-coumaric acid,
and sinapic acid from the wholemeal bread with enzyme
treated and fermented bran was higher than that of the
wholemeal bread with fermented bran. The highest in-
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crease was in the bioaccessibility of ferulic acid, which
was 2,5-fold that of the wholemeal bread with just fer-
mented bran. Despite this increase, the bioaccessibility of
ferulic acid was merely 5,5%, meaning that even with the
enzyme treatment most of the ferulic acid in wheat bran
is not released in the small intestine. Most of it remains
bound to the cell walls that constitute the indigestible
fraction that enters the large intestine.

Further, colonic experiments by the authors re-
vealed that ferulic acid is mostly bioconverted by the
colonic microbiota into other compounds of different
chemical  structure and  bioactivities,  mainly
phenylpropionic acids with different grades of hydrox-
ylation. These colonic metabolites of ferulic acid were
found at higher concentrations when the bran was treated
by fermentation and hydrolytic enzymes [42].

The in vitro results obtained with the intestinal
models described above have been confirmed in vivo by
a follow-up study in humans by the authors. The human
trial was a cross-over postprandial study, in which the
participants had to consume 300 g of wholegrain bread
with wheat bran or wholegrain bread with bioprocessed
wheat bran. The bioprocessing of the bran was a com-
bined treatment of yeast fermentation and hydrolytic en-
zymes, the same as in the in vitro studies described
above. The wheat bran bioprocessing increased the bioa-
vailability of ferulic acid and other phenolic compounds
by a factor of 2,5 from the bread. This could be further
associated with an increase in the anti — inflammatory
capacity in an ex vivo LPS - induced inflammatory re-
sponse [43].

Classification of AXs according to extractability

Not all AXs present in the cell walls are imme-
diately extractable in aqueous solution. The substitution
pattern and resultant helix formation and flexibility de-
termine the WEAX. AXs therefore become classified
according to their extraction methods into WEAX and
water-unextractable (WUAX), with different functional
properties being displayed by the AXs obtained from the
different extraction techniques [44, 45].

Extractability of AXs is affected by several fac-
tors. Due to large MW and high ferulic acid content, AXs
molecules are physically and chemically associated with
each other through cross linking and readily form a net-
work matrix of covalent (e.g. ester and ether bonds and
diferulic acid bridges) and non — covalent (e.g. hydrogen
bonds) linkages with other cell wall components such as
proteins, B-glucans, lignin and cellulose. This cross —
linking happens due to the presence of phenolic com-
pounds such as ferulic acid (FA) which can undergo cou-
pling reactions to produce diferulic acid (DFA) [13, 16,
33].

It is the formation of the arabinose — DFA cross
— links which forms the rigid network between AXs and
other cell wall materials. WUAX are retained in the cell
wall by non — covalent (e.g. hydrogen bonds) and cova-
lent interactions (e.g. ester and ether bonds, diferulic acid
bridges) with other AXs molecules or with other cell wall
constituents. As a result of these linkages, a large propor-
tion of AXs cannot be extracted by water as it is retained
in the cell wall. WUAX must be treated in some way to
break the bonds between the AXs molecules and other
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constituents. This liberates the AXs, making it water sol-
uble [15, 23].

By contrast, WEAX is thought to be loosely
bound to the cell wall surface and easily solubilised in
water and therefore extracted. Suggestions for this phe-
nomenon include incomplete cross — linking, small struc-
tural differences or initial enzymatic degradation in the
kernel. The literature also confirms that the solubility of
AXs is primarily dependent on the degree of substitution,
with less substituted AXs having lower solubility in wa-
ter [15, 20].

Methods of AXs extraction

Although the easiest method of extraction is
with water, the amount of WEAX is much lower that the
levels of WUAX found in the cereal grain. In a quest to
increase AXs extraction yields through extraction of
WUAX, much research has been conducted to improve
solubility of the WUAX fraction. Different methods have
been developed and reported for the extraction and puri-
fication of WUAX, with varying extraction yields and
macromolecular characteristics being observed [15].

These include alkaline and acid extraction, en-
zyme hydrolysis, and mechanical — chemical extraction
in the forms of: microwave — assisted extraction, ultra-
sound — assisted extraction, steam explosion extraction
and hot compressed water extraction. The literature relat-
ing to water, alkaline and enzyme extraction methods is
introduced below, with other mechanical — chemical ex-
traction methods outside the scope of the current work
[20, 29, 30].

Enzymatic degradation can also be used as a
method for isolating AXs from wheat bran and is also
commonly used in the production of AXs oligosaccha-
rides (AXOS). The most commonly used enzymes are
GH 11 endo-B-(1,4)-xylanases. These enzymes attack the
xylan backbone, cleaving B-(1,4)-linkages along the
chain in a random manner, penetrating the cell wall net-
work and depolymerizing WEAX to produce mixtures of
(un)substituted xylooligosaccharides as well as solubiliz-
ing and extracting some WUAX. Zhou report that the use
of endoxylanases on destarched wheat bran resulted in
lower AXs yields compared to those using alkaline hy-
drogen peroxide, being 12,4% and 18,55 %, respectively.
It is thought that the presence of enzyme inhibitors and
the crystalline structure of lignocellulose could limit en-
zyme hydrolysis [16, 17, 25].

Enzyme hydrolysis can also be used as a tech-
nique to modify the structure of AXs. AXs have been
produced by a range of workers with different substitu-
tion patterns, degrees of branching, A/X ratios and MW,
by using enzymes to break down the polysaccharide,
releasing up to 50 % of the ferulic acid and removing up
to 30 % of the arabinose side chains [15, 17].

When comparing extraction of AXs with alka-
line hydrolysis to extraction with endoxylanases, a reduc-
tion in the MW distribution is seen. Average MW of AXs
from alkaline extraction of 3,5 x 105 Da about 10 times
that of AXs extracted from enzymes which produced an
average MW of 3,252 x 104 Da. It is thought that this is
as a result of endoxylanases working on the (1,4)-B-links
on the xylan backbone, in contrast to alkaline hydrolysis
which breaks down diferulate bridges and hydrogen
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bonds attaching lignin and cellulose to AXs [25].

Physicochemical properties of AXs affecting
functionality

MW, degree of substitution (DS) arabi-
nose/xylose ratio (A/X ratio), substitution pattern, degree
of polymerisation (DP), presence of other substituents
such as feruloyl groups and the extent of cross linking are
all important in defining the behaviour and functionality
of AXs. Functional behaviour includes viscosity, water
solubility, water holding capacity, oxidative cross linking
and gel formation and foam stability, which are all re-
ported to be affected by the physicochemical properties
of AXs, as well as chain to chain interactions with other
polymers and with the solvent [32].

Molecular Weight

MW is a key factor in determining the physico-
chemical properties of AXs, in particular viscosity, and is
dependent on the origin of AXs in the wheat grain tissue
and cultivar. Molecular weights for AXs reported in lit-
erature vary depending on the isolation method used and
source of the AXs [13].

Determining the MW of WUAX is reported to
be problematic, as the method of extraction can lead to
degradation of the polymer chain, and thus changes in
MW. Also AXs from the outer part of the grain tends to
form aggregates which make it almost impossible to de-
termine the MW of individual chains in aqueous systems
[16].

Using graded ethanol precipitation, MW for
WEAX from wheat bran is reported to be lower than that
of AEAX ranging from < 5 — 50 kDa and < 5 — 293 kDa
respectively, with a high degree of substitution. In gen-
eral, the MW for WEAX and AEAX from wheat endo-
sperm AXs are higher than that found in wheat bran;
however as with the AXs in bran, MW from endosperm
WEAX is also lower than that from endosperm AEAX
[15,23].

MW for wheat endosperm WEAX ranges from
200 — 300 kDa with a high polydispersity index between
1,7 and 2 reflecting a range of polymers exhibiting dif-
ferent masses and structures polymolecularity [27].

This polydispersity was demonstrated when a
range of polymers with MW varying from 7 kDa to 655
kDa, with A/X ratios from 0,4 to 1,2 were isolated from
WEAX with an initial MW of 280 kDa; however no rela-
tionship was observed between the MW and the poly-
mers’ structures. In contrast, higher MW of 850 kDa has
been reported for AEAX from wheat endosperm [32, 33].

Viscosity

AXs form highly viscous solutions displaying
pseudoplastic behaviour and can form weak gels at low
shear. Both WEAX and AEAX are capable of forming
highly viscous aqueous solutions, due to their high mo-
lecular weight, stiff, semi — flexible random coil confor-
mation, molecular weight distribution and concentration.
This is contrary to the general assumptions that it is the
A/X ratio alone that affects viscosity. Ferulic acid cross —
linked to AXs also contributes to viscosity, by increasing
the molecular weight and changing the conformation of
the AXs molecule. A higher viscosity is seen with higher
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concentrations of AXs and MW [20, 23].

Viscosities reported for WEAX in wheat are in
the range 200 — 600 ml/g with an average value of 400
ml/g . Although some differences between studies can
result from different extraction procedures (and especial-
ly in the inactivation of endogenous enzymes), for the
same extraction procedure variation is cultivar-related,
and may depend on variation in the molecular weight or
in the conformation of the polymer [16, 23].

Water solubility

A main factor affecting solubility of AXs in wa-
ter is substitution degree (DS), as the presence of high
numbers of arabinose molecules prevents intermolecular
aggregation of unsubstituted xylose residues. The substi-
tution pattern of arabinose substituents on the xylan
backbone also has a definite effect on how the molecules
interact with each other and with other cell wall poly-
mers, and thus affects water solubility. Areas of the AXs
molecule where there are large amounts of unsubstituted
xylose residues allow intermolecular aggregation.
Izydorczyk and Biliaderis showed the presence of
noncovalent interactions between AXs molecules with
low substitution patterns and fragments of B-glucans and
suggested that, in plant cell wall material, poor water
solubility of AXs molecules with low A/X ratios could
be due to these interactions [13, 23].

Water solubility of AXs is therefore linked to
the degree of substitution A/X ratio, substitution pattern
and chain length of the polymer. Insoluble AXs have few
arabinose side substituents and long regions of smooth
xylan chains which form a flexible twisted threefold rib-
bon-like structure, becoming insoluble due to intermo-
lecular H bond linkages [13, 21, 23].

With the introduction of arabinose substituents
on the xylan backbone, the ability for this intermolecular
linking is reduced, enhancing water solubility, meaning
AXs molecules with higher degrees of substitution are
expected to be more water soluble. Work Izydorczyk
confirmed water solubility to be affected by the degree of
substitution. They removed arabinose side chains from
AXs polymers with a-L-arabinofuranosidase, producing
AXs with differing degrees of substitution, and showed
that solubility dramatically declined at an A/X ratio of
0,43 due to increased aggregation of unsubstituted re-
gions stabilised by hydrogen bonds. A high degree of
substitution, however, does not always lead to increased
water solubility. Saulnier argue that although endosperm
and pericarp WUAX have higher A/X ratios than
WEAX, which should lead to higher water solubility,
instead a large numbers of chain — to — chain cross link-
ing occurs due to ‘diferulic bridges’, making the WUAX
insoluble [13, 23].

Water holding capacity

Both WEAX and WUAX absorb water well.
Courtin report WUAX being able to hold 7 — 10 times
their weight in water, with the water holding capacity of
WEAX slightly lower at 4 — 6 times their weight. Other
workers have shown that when AXs is added to bread
dough, the resulting increased resistance to mixing can
be compensated by the addition of 2 — 10 times their
weight in water depending on the solubility and source of
the AXs. Studies into the water absorption capacity of
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AXs have found an increase in farinograph absorption
when AXs are added to flours at different levels [32].

Using farinograph absorption as a measure of
water holding capacity is reported as questionable, as it is
not clear whether the increase in water absorption is due
to the AXs on its own or to the interaction of AXs with
other components in the dough. Instead a ‘water — bind-
ing capacity’ figure has been determined and is quoted
for wheat bran as being the amount of water retained
after centrifugation of the insoluble substrate at 3 — 7
ml/g dry pellet. A value of 0,4 g/g, representing the
amount of non — freezable water in the sample, was re-
ported irrespective of the origin of WEAX or A/X ratio
[16,21].

Water absorption and retention by insoluble
AXs are important properties, as they can alter the water
distribution within different food components, phenome-
na particularly useful in bread making.

In general, WEAX form viscous solutions in
water whilst WUAX exhibit strong water binding capaci-
ty, however conformation and interaction properties can
be altered by causing fine structural changes to the poly-
mers which would affect their ability to absorb water and
therefore affect their functionality [15, 16].

Oxidative cross linking and gel forming ca-
pacity

The structure of AXs plays in important part in
their ability to form gels. In the presence of free radical
generating agents such as chemicals or enzymes,
feruloylated AXs undergoes oxidative gelation, increas-
ing in viscosity with the eventual formation of a gel. This
is a unique property of AXs and happens due to the crea-
tion of covalent cross linkages as a result of dimerization
of ferulic acid residues [13].

Strong gels form as a result of high levels of
ferulic acid, high MW and a low level of substitution on
the xylan backbone, leading to extensive cross linking.
The intrinsic viscosity of AXs molecules appears to de-
termine rigidity, rather than ferulic acid content, with
stronger gels being obtained with increasing viscosity.
High molecular weight AXs form rigid cross — linked
hydrogels owning to their greater water holding capaci-
ties. Hydrogen bonding and van der Waals forces also
form additional weak linkages which increase gel
strength. These features establish a positive correlation
between gel rigidity and the intrinsic viscosity of AXs
molecules [16, 21].

Foam stability

AXs are capable of stabilizing protein films
against thermal disruption, thought to be as a result of the
increase in viscosity of the interlamellar liquid caused by
AXs, and ability to interact with the proteins absorbed in
the foam cells, which alters the drainage properties of a
foam film. Stabilisation during heating of protein foams
with added AXs increases with AXs molecular size, due
to the prevention of disruption of gas cells during thermal
expansion of CO,.

These functional properties all have the potential
to affect the bread making process, to enhance the tech-
nological functionality of bread dough, production of
food ingredients, including prebiotic substances
arabinoxylooligosacchrides (AXOC) [12, 13, 23].
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APABIHOKCHIIAHHU ITIIIEHHUI]I:
CTPYKTYPA, BU/IYYEHHA, B/IACTHBOCTI

Anomauin

Apabinoxcunanu (AK) — Hekpoxmanwbhi nonicaxapuou 6 ckiao sAKUX 6xooums apabino3a ma KUcio3d, MOIEKYIapHA
Maca saxux koausacmoucs 6i0 50 0o 850 kDa 6 3anexcnocmi i0 memody ix eunyuenns. Ocnogna yacmuna AK 3epnosux snaxo-
oumvCs 8 CMPYKMYPHIU MAMpuyi KIIMUHHUX CMIHOK 36PHOBUX KYIbMYP, A MAKOIC NPUCYMHI Y BETUKUX KITLKOCMAX 8 NUeHU-
YHUX euciekax, wjo cmanogums 0o 15 — 20 % 6i0 ix ximiunozo cknady. @Disuxo — ximiuni enacmusocmi AK euznauaiomo ix
yHKYIOHATbHICMB, KA MOJICe OYMuU KOPUCHOI 0COOUB0 OJis NPOOYKMIE HA OCHOBI 3ePHOBUX, MAKUX 5K X110 ma Xni6o6ynoy-
Hi 6upobu axi micmame 2nomen. Ipu dodasanni AK cmabinizyemocsa ma 3smMiyHIOEMbCA MAMPUYS 2THOMEHY, 3d PAXYHOK 4020
nideuwyEMvCa AKICMb Xi0a ma 11020 MOBAPHI 61ACMUBOCIII.

Tomenyitinum Odrceperom AK - nuwenuyni 6ucieku sAKi € nOOIUHUM NPOOYKMOM OOPOUHOMENbHO2O BUPOOHUYMEA,
HAKONUYYEMbCs 6 O0OCMAMHIL KiTbKOCMI npu nOOpiOHEeHHI 3epHa ma COPMYBAHHI 1020 YACMOK 3a POIMIPOM I MACOI0, KPiM
mo2o KOMepYiliHo OOCMYNHI y 6euKiil Kitbkocmi. B 3anescnocmi 6i0 po3uuHHOCMI 5K 8000po3uunHi ma Heposzuunni AK
OMPUMYIONb  PISHUMU MEMOOamu. hepMeHmamusHo0 0OpoOKOI0 NULEHUYHUX BUCIBOK aO0 MemoooM ekcmpakyii. Buryuenns
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AK memoodom excmpaxyii nposoosmy, w0 niO8UWUMUY NONCUBHY YIHHICMb NUEHUYHUX 8UCIBOK 34 PAXYHOK BMICIY XAPYO8UX
60JI0KOH | MAKUM YUHOM OMPUMAMY BUCOKOYIHHUTI NPOOYKM O/ GUKOPUCMAHHA 8 AKOCMI BYHKYIOHANbHO20 THepedichma 6
xaibonexapcuKill npomuciogocmi ma 6 inuux 2any3ax. Excmpakyisa exnouae Husky modcnugocmeit ompumanha AK 3 pisnumu
QDi3uUKO — XIMIYHUMU 8IACMUBOCMAMU, WO OAE MONCIUBICMG IX WUUPOKO2O UKOPUCIAHHA AK (YYHKYIOHANILHO20 IHepedieHma 6
xapuosi cucmemu. Qizuxo — ximiuni enacmusocmi AK exnrouaroms: 8's13xicmov, po3uuHHICIb Y 8001, 800036 S13Y8AIbHY 30AM-
HiCMb, OKUCHE nonepeune 3WUeanHs i ymeopenHs 2euo i cmitkux nit, 63acmooiio AK 3 nanyroeamu nonimepie ma inwiux pe-
4OBUH.

B oanuii yvac komepyitini nocmaexu AK ne oocmynui 6 docmamuiii Kinbkocmi 0151 npo8eOeHHsl 6unpobyeans ix Qym-
KyionanvHocmi. Tomy memoro 02140y nimepamypu € GUYEHHs CYHaACHUX Memo0ie eunyuenus AK 3 nueHuyHux 6UCioK 6K0-
4aIoYU eH3UMAMUYHI NIOX00U, AHANI3 IX CIMPYKMYpU, Ma 6U3HA4eHHsA Qizuxo — Ximiunux eracmusocmeii ompumanux AK a
MAKOC MONCIUBE NOOATBULE X BUKOPUCTAHHS 8 XAPUOBIIL NPOMUCLOBOCHIL.

Knwouosi cnosa: apabinoxcunanu nuieHuyHi, Cmpykmypa, kiacugikayis, memoou unyyenns, Gizuxo-ximiyni enac-
MUBOCMi, MONEKYNIAPHA 6a2a, 6'A3KICMb, 6000PO3HUHHICHIb.
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