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FT-IR Investigation of Cell Wall Polysaccharides from Cereal
Grains. Arabinoxylan Infrared Assignment
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The FT-IR fingerprint of wheat endosperm arabinoxylan (AX) was investigated using a set of
polysaccharides exhibiting variation of their degree of substitution and xylo-oligosaccharides comprising
xylose units mono- or disubstituted by arabinose residues. Substitution of the xylose backbone by
arabinose side units was more particularly studied in the 1000—800 cm~! spectral region, by taking
advantage of second-derivative enhancement. The 920—1020 cm~! spectral region revealed two
absorption bands at 984 and 958 cm™1, the intensities of which varied according to the degree of
substitution. Whereas the intensity of the band at 958 cm~! increased with the degree of substitution,
that at 984 cm~! decreased. The second-derivative spectral data of xylo-oligosaccharides indicated
that these changes could be attributed to substitution of the xylan backbone by arabinose residues,
and the band at 958 cm~! was ascribed to the presence of disubstituted xylose residues. Principal
component analysis of FT-IR spectra of model mixtures of AX, f-glucans, and arabinogalactans
suggested that it is possible to evaluate the relative proportions of the polymers and degree of
substitution of AX in complex mixtures such as the cell wall of cereal grains.
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INTRODUCTION changes are also expressed in terms of arabinose to xylose molar

Arabinoxylans (AX) are the predominant nonstarch polysac- ratio (A/X) with prical average values of 0:9.6. Extreme
charides from cereal grain cell walls of endosperm. They are A/X values ranging from 0.31 to 1.06 were reported for WE-

involved in many cereal uses such as breadmaking, poultryAX subfractions isolated by ethanol precipitation.and gel
feeding, or brewingX, 2). AX are closely associated with mixed ~ Permeation chromatography (101). However, the major part
linked 8-(1—3, 1—4)-glucans (BG) in endosperm cell walls of ©f AX in endosperm cell walls of wheat grains are water
cereal grains). BG in wheat endosperm represen?0% of unextractable (WU-AX) and have been studied after alkaline
the cell wall, but they can account for up to 70% of the cell extraction (12—15) or enzymatic solubilizatiorb)( Their
walls in barley or oat. AX consist in a linear backbone of structures exhibit variation®) and basically correspond to that
fB-(1—4) linkedb-xylopyranosyl units, which are unsubstituted of WE-AX with a slightly higher A/X ratio due to a higher
(uXyl), monosubstituted (mXyl) on O-3, or disubstituted (dXyl) proportion of monosubstituted residues.
on O-3 and O-2 witha-L-arabinofuranosyl units. In wheat
endosperm~25% of AX are water extractable (WE-AX).
Besides WE-AX, arabinogalactans (AG) are water-soluble
polymers that are coextracted when flour or grain is submitted | =™ . S .
to water extraction. Whereas AG extracted from 100 g of wheat to isolated fractions, which limits its use in many reSpe_CtS'
flour may represent 0:30.4 g @3, 4), WE-AX ranges from 0.3 Infrared spectroscopy presents the advantage of being rapid and
tolg6). sensitive. In addition, due to various sampling techniques,

WE-AX exhibit large natural variations in their structure, ViPrational spectroscopy makes it possible to study a wide range
which are depicted by their relative proportion of uXyl (60 ©f carbohydrates in different physical states. Infrared spectros-
65%), mXyl (12—20%), and dXyl (1530%) (6-9). Structural copy has been proved to be useful for studying physicochemical

and conformational properties of carbohydrat; 19). Infrared

* Author to whom correspondence should be addressed (e-mail (micro)spectroscopy has recently been applied to the study of

saulnier@nantes.inra.fr). plant cell wall architecture despite the complexity of the system
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§ Unité mixte de Recherches Ingénierie des Agropolyméres et Technolo- (20) and to the screening of cell wall mutantsArabidopsis

gies Emergentes. (21, 22).

The substitution pattern of AX is easily distinguishable by
proton NMR spectroscopy (18,7). However, NMR requires
relatively high amounts of material and has been mainly applied
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Although a precise assignment of polysaccharide spectra
remains difficult, each particular polysaccharide has a specific
band maximum in the 1266800 cnt! region (23). For

example, the high homogalacturonan content in pectin samples
gives rise to characteristic absorption bands at 1100 and 1017

cm~1, and the linear and branched#)-3-xylans reveal a band
maximum at about 1047 cm. In arabinogalactans, two strong
bands observed at about 1075 and 1045 cicharacterize

galactopyranose in the backbone and arabinofuranose units in

side branches, respectively. (1—4)-5-Glucans are identified by
an absorption band at around 1030%¢ém

A detailed assignment of the xylan infrared spectrum was
previously investigated?@). The acid or salt state of glucuronic
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acid side chains can be recognized by the presence of a band atigure 1. FT-IR spectra in the 1200-800 cm~ region of AX presenting

either 1725 or 1600 cm. A strong absorption band at 1250

cm™! characterize-acetyl samples. As in native cellulose,

the band at 1160 cn was assigned to the antisymmetric

C—0—C stretching mode of the glycosidic link and that at about
895 cn1?! to the 8 configuration of G. The shape of xylan

various degrees of substitution.

were recorded between 800 and 1200 &t 4 cn1? resolution and
resulted from the co-addition of 200 scans. The spectra were smoothed
and their baselines corrected using the OPUS software. They were

infrared spectra strongly depends on the degree of substitutionnormalized as follows: (i) the average absorbance value was calculated

and on the presence of arabinose or glucuronic units on O-2 or

0-3 (25,26). In the case of arabinoxylan highly substituted with
arabinose on O-3, the intensity of the band assigned to the
glycosidic bond at about 1160 crhdecreases. The decrease at
1160 cnt?! is accompanied with a decrease of the absorption
band at about 990 cm. Arabinose or glucuronic substitution
on O-2 does not significantly affect the infrared spectrum.

and then subtracted to pull down to zero the middle of the spectrum;
(i) the sum of the squares of the resulting spectral data was calculated,
and the spectrum was divided by the square root of the sum.

Data Treatments. Second-derivative spectral data were assessed
to enhance spectral differences in the 16980 cnt?! region. The
second-derivative data were obtained by using the Savit@glay
algorithm, developed on the OPUS-NT (Bruker) software.

Principal component analysis (PCA) was applied to the second-

In the present paper, the infrared Spectra of wheat endospernﬂerivative spectral data. This multivariate data treatment made it
AX was investigated using a set of polysaccharides isolated angpossible to handle large data tables without making any preliminary

characterized for their molecular weight and degree of substitu-
tion (10, 11). In addition, the set of samples included xylo-
oligosaccharides comprising xylose units mono- or disubstituted
by arabinose (2728). Substitution of the xylose backbone by
arabinose side units was more particularly studied in the 2000
800 cnt! spectral region, by taking advantage of second-
derivative enhancement. The ability of infrared spectroscopy
to evaluate the content and degree of substitution of AX was
investigated in model mixtures containing AG or BG.

MATERIALS AND METHODS

Oligosaccharides and PolysaccharidesWater-extractable AX
samples with different arabinose-to-xylose ratios (A/X, 0.37, 0.57, and
0.75) were subfractions isolated by size exclusion chromatography from
graded ethanol fractionation (saturation level of ethanol, 30, 50, and
60%) of WE-AX (10). Mixed-linkeds-(1—3, 1—4) glucans (BG, barley
f-glucan, medium viscosity) was purchased from Megazyme (Bray,
Ireland). Arabinogalactan protein (AG) was isolated from a graded
ethanol fractionation of a water extract of wheat flour in 70% saturation
fraction. The polymer contained mainly arabinose and galactose (35.4
and 47.8%, respectively; g/100 g) and minor amounts of xylose, glucose,
and mannose (1.8, 1.7, and 0.9%, respectively).

Xylo-oligosaccharides substituted by arabinose were prepared from
WE-AX by using an endoxylanase froffirichodermaviride (M1,
Megazyme as previously describ@¥], whereas xylotetraose (X4) was

assumption (29). The computation of principal components is based
on the diagonalization of the varianeeovariance matri®/ assessed
from the spectral datd. The diagonalization realizes a decomposition
of V into eigenvectorg and eigenvalueS. The eigenvalues describe
the amount of total variance taken into account by the principal
components. The eigenvectors are used to assess the principal com-
ponent score€

V =X'X C=XL
whereX is the matrix of the spectral data §amplesx m wavenum-
bers) andX' is the transpose matrix of.

The principal component scores are used to draw similarity maps
that allow a comparison of the spectra to each other. Characteristic
absorption bands are depicted using the spectral patterns derived from
the eigenvectors.

RESULTS AND DISCUSSION

Infrared Spectra of Pure Arabinoxylan and Oligosaccha-
rides. FT-IR spectra of AX presenting various degrees of
substitution (A/X, 0.37, 0.57, and 0.75) are showifrigure 1.
The spectra are typical of polysaccharides in the 281D
cm! region with an absorption band assigned to glycosidic
linkages at about 1160 crhand a band characteristic gf
(1—4) linkages at 895 cm. All AX spectra presented a
maximum absorption band that might be assigned t6OEl

purchased from Megazyme. Xylotetraoses monosubstituted by arabinosebending around 1045 crh. They were almost superimposed

on position O-3 on the third xylose residue ) or disubstituted by
arabinose on positions O-2 and O-3 on the third xylose residpléfA
were used (28).

Infrared Spectroscopy. FT-IR spectra were recorded in the
transmission mode on thin films obtained by drying 0.5 mL of aqueous
solutions (5 mg/mL) at 40C for 4 h. Model mixtures of polysaccha-
rides were prepared by mixing an aqueous solution of AX (5 mg/mL)
with a solution of BG (5 mg/mL) or AG (5 mg/mL) in a ratio fom
80:20 to 50:50 (v/v). Films were made by drying 0.5 mL of the mixture
at 40°C for 4 h. The infrared spectra were collected on a Vector 22
spectrometer (Bruker, France) equipped with a DTGS detector. They

and showed only tiny differences in the 920020 cni* spectral
region. A careful examination of the spectra between 920 and
1020 cnt! was, therefore, carried out using second-derivative
spectral data (Figure 2). The 920—1020 chspectral region
revealed two absorption bands at 984 and 958 ¢cnthe
intensities of which varied according to the degree of substitu-
tion. Whereas the intensity of the band at 958 ¢nmcreased
with the degree of substitution, that at 984 ¢ndecreased.

The proportion of mono- and disubtitution in AX is related
to the A/X ratio, and it has been shown that disubstitution
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Figure 2. Second-derivative spectra of the 1010-935 cm~? region for
AX presenting various degrees of substitution. Second-derivative data are
multiplied by -1.
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Table 1. Proportion of Un- (uXyl), Mono- (mXyl), or Disubstituted
(dXyl) Xylose Residues in AX of Different A/X Ratios As Determined
by 'H NMR

AIX uXyl mXyl dXyl
AXos? 0.37 7.7 195 8.7
AXos7 0.57 66.2 115 22.2
AXo1s 0.75 58.4 10.0 315
o >0 00 -..... X4
'.' Y .—‘Q—H — AIX4
s hY L S _ A2X4
'J. I‘
@ B-DXyp-(13 4)
& oL-Arg(ly 3)
& o-LAm(; 2)
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Figure 3. Second-derivative spectra of the 1010-935 cm~! region for
xylotetraose (X;) and mono- (A;X4) and disubstituted (A2Xs) oligomers.
Second-derivative data are multiplied by —1.

950 940 930

increased with the A/X ratio. The relationship between disub-
stitution and A/X ratio has been confirmed by NMR study of
the different fractionsTable 1). The second-derivative spectral
data of xylo-oligosaccharidefigure 3) indicated that changes
in the 920-1020 cnt region could be attributed to substitution
of the xylan backbone by arabinose residues. Whereas bot
xylotetraose and &4 had maximum absorption bands at 975
cm™1, AX,4 exhibited a maximum at 960 crh Xylotetraose
differed from A X4 by the absence of a band at about 950&m

This is the first time that IR was proved to be relevant for
the characterization of fine structural features of AX. This
spectral information can be useful to study AX in complex
mixtures such as the cell wall of grains or grain water extract.
To assess these possibilities we therefore run spectra on mod
mixtures.

Infrared Study of Model Mixtures Containing AX, BG,
and AG. The infrared spectra of BG and AG, recorded in the
1200—800 cm! region, are showirigure 4. BG exhibited an
absorption band at 895 crhassigned tQ3(1—4) linkage. In

Robert et al.
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Figure 4. FT-IR spectra in the 1200—-800 cm~* region for 5-glucans (BG)
and arabinogalactan (AG).
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Figure 5. Second-derivative spectra of the 1010-935 cm~? region for
BG, AG, and AX. Second-derivative data are multiplied by —1.
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observed at about 1065, 1020, and 990 mAG also revealed
two maxima around 1065 and 1020 chand a shoulder at 964
cm L,

A more detailed observation of the 162020 cnt?! spectral
region of BG and AG was realized using second-derivative data.
Figure 5 compares the second-derivative spectra of BG and
AG with that of AX. Whereas AX exhibited two bands at 982
and 956 cm?, AG and BG were characterized by only one
absorption band at 964 and 991 T respectively. The
differences observed between AX, BG, and AG suggested that
infrared spectroscopy might be very useful for studying AX in
complex systems. A simultaneous determination of AX content
and arabinose substitution could be considered.

As the absorption bands of AX, AG, and BG were very close
together, they remained partially overlapping in mixtures. The
second-derivative spectra of mixtures containing AX, AGp, and

hgG were, therefore, submitted to PCA. The first two principal
components took 81 and 14% of the total inertia into account.
The similarity map defined by principal components 1 and 2
separated the samples according to polymer proportions and A/X
ratio (Figure 6). Mixtures enriched in AG were identified by
negative scores along principal component 1, and samples
enriched in BG were characterized by positive scores. In
addition, a separation of the samples according to the A/X ratio

gfvas observed along the second principal component. A study
of the loading plots associated with principal components 1 and
2 made it possible to explore the spectral features that
discriminated the samples. The first spectral patteigure 7)
revealed an opposition between peaks at about 991!cm
(positive peak) and 964 cm (negative peak). Whereas an
absorption band at about 991 cthwas already observed for

addition, two broad and intense bands and a shoulder wereBG, a peak at 964 cmt was assigned to AG (Figure 5). The
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Figure 6. Similarity map from PCA of FT-IR spectra (second derivative
of the 1010-935 cm~! region) of mixtures containing AX of different
degrees of substitution (A/X, 0.37, 0.54, and 0.75) and different relative
proportions of AG or BG.
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Figure 7. Spectral pattern obtained from PCA loadings, showing influent
wavenumbers for the discrimination of polymer mixture.

discrimination of the samples according to A/X along principal
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mation can also be used for plant breeding programs for
selecting superior varieties of plants for targeted purposes and
for prediction of food quality and nutritive valu@y).
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