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ABSTRACT ARTICLE HISTORY

This work concerns structural investigation of water-extract- Received 8 February 2018
able hemicelluloses from seed husk of Plantago ovata and Accepted 16 May 2018
seeds of Mimosa pudica and Lallemantia royleana. The com-
position of the materials was determined by CHN elemental
anal)_/sis, FT-IR spectrometry and monqsaccharide analysis. The lose; MALDI-ToF: mass
detailed structural analysis was carr!ed out by MALDI-ToF spectrometry; polysacchar-
mass spectrometry. The absence of nitrogen in the materials ide; structural analysis
suggested that they were free from proteins. The isolated

materials were found to be branched hemicelluloses. The

mass spectrometric study showed presence of f-1,4-linked

xylose with arabinose attached to main chain at f-1,3 posi-

tions (Plantago ovata), [-1,4-linked xylose with glucose

attached to main chain at f-1,3 positions (Mimosa pudica),

and f-1,2-linked rhamnose and f-1,3-linked arabinose units in

the main chain with arabinose attached to the main chain

through f-1,3-linkage (Lallemantia royleana).
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Introduction

Hemicelluloses are extensively used as functional foods and herbal medi-
cines. They have great potential for use as excipients in pharmaceutical
formulations. ~ Currently,  cellulose-based = materials, = such  as
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carboxymethylcellulose, hydroxypropylcellulose, and hydroxypropyl methyl-
cellulose, are being used commercially as binding, thickening, and suspend-
ing agents in various formulations."™ Cellulosic materials are less
biocompatible as compared with hemicelluloses due to the fact that the for-
mer are not digestible by humans while the latter are. So, the pharmaceut-
ical excipients developed from hemicelluloses would be more appropriate.
Hemicelluloses also possess good water holding capacity and are capable of
forming gels. Recently, they gained attention for their use in the formula-
tion of targeted and sustained drug delivery devices'® and most import-
antly as scaffolds in tissue engineering.!”~'!"! Use of hemicelluloses will be
more attractive due to their abundant availability at very low prices. In
order to evaluate these materials for such versatile applications, it is desir-
able to have a comprehensive knowledge of their chemical composition
and structural features.

Molar mass of macromolecules plays a significant role in drug deliv-
ery.'>"1* Mass-spectrometric techniques, specifically, electrospray ioniza-
tion mass spectrometry (ESI-MS) and matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-ToF), are being used
for determination of the molar mass of macromolecules. These techniques
have been employed in the structural investigation of hemicelluloses.
However, most of the hemicelluloses are polydisperse with respect to
molecular size, thus the use of ESI-MS has not been considered suitable!'”!
as multiple peaks are produced by these materials. This limitation may not
be due to polydispersity alone; MALDI may be more appropriate as it pro-
duces singly charged ions. Furthermore, ionization efficiency of hemicellu-
loses is low in ESI due to lower proton affinity of carbohydrates.!'!
Therefore, MALDI-ToF was selected for mass analysis of hemicelluloses in
the present work. However, analysis of non-derivatized hemicelluloses by
this technique is a challenge due to the off-hand availability of suitable
matrices.!'® For this purpose, derivatization has been considered!”! but
derivatization alters structural features of the materials. Moreover, efficien-
cies of derivatization of polysaccharides usually vary. Thus, analysis of non-
derivatized hemicelluloses by MALDI becomes a challenge.

The objective of this study was to determine structural features of under-
ivatized water-extractable fractions of hemicelluloses from Plantago ovata
(PO), Mimosa pudica (MP), and Lallemantia royleana (LR), mainly by
MALDI-ToF analysis. All of these materials are from renewable sources
and abundantly available in most parts of the world. They form mucilages
in water. A detailed thermal analysis of these materials has previously been
reported by our group,’®'®! which suggests that they possess good thermal
stabilities for use in pharmaceuticals. These materials are benign to
immune system, thus have no toxicity issue.!®**?"!
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In order to produce meaningful mass spectral signals, various matrices
have been investigated.?'>*! After a preliminary work with 3-amino-4-
hydroxybenzoic acid and 2,5-dihydroxybenzoic acid, it was discovered that
the latter afforded better reproducibility and higher signal-to-noise ratio.!*!
Since then, it has become the first choice matrix for oligosaccharides. To
the best of our knowledge, there have been no reports on MALDI-ToF
measurements of un-derivatized hemicelluloses having a molar mass higher
than 10,000 Da.?”?*! In the present work, various analytical techniques
have been used along with MALDI-ToF mass spectrometry to carry out a
structural investigation of the materials under investigation. The hypothesis
of the research was: MALDI-ToF mass spectrometry would provide useful
structural information of non-derivatized hemicelluloses.

Results and discussion

The materials extracted by water at room temperature (25+2°C) from PO,
MP, and LR were characterized by CHN elemental analysis, monosacchar-
ide analysis, FT-IR spectroscopy and gel permeation chromatography
(GPC). The results of these analyses were found to be similar to those pre-
viously reported by our laboratories;® this established the identity of the
materials as hemicelluloses. Results of the elemental analysis are given in
Table 1. The percentages of C and H of the isolated materials were
29.83-41.98 and 4.63-6.08, respectively, on dry-substance (anhydrous)
basis. Nitrogen was below the detection limit. These values are lower than
those of other natural polysaccharides (~45% C and ~6.1% H), which may
be due to higher ash content,””! ie. 10-15% in these materials. The
absence of N suggests that the materials are free from proteins. The yields
were 38, 14, and 12% w/w for PO, MP, and LR, respectively.

Results of monosaccharide analysis are given in Table 1. On the basis of
monosaccharide contents, the materials were named as arabinoxylan (AX)
from PO consisting of arabinose and xylose, glucoxylan (GX) from MP
consisting of glucose and xylose, and galactoarabinorhamnan (GAR) from
LR consisting of galactose, arabinose, and rhamnose, where the last part of
the name was due to the major monosaccharide content.

Table 1. Monosaccharide and elemental analysis of the hemicelluloses obtained from the
plant materials.

Monosaccharide content (% of total monosaccharides on anhydrous basis) Elemental analysis (% anhydrous)
Material Ara Gal Glc Xyl Rh GlcA GalA C H N
PO 23.40+0.13 ND ND 76.91+0.46 ND ND ND 34.43+0.01 5.08+0.06 ND
MP ND ND 30.28+0.41  69.13+0.55 ND 1.02+0.15 ND 29.83+0.05 4.63+0.022 ND
LR 29.44+0.31 1.41£0.02 ND ND 69.74+0.51 ND 1.82+0.24 41.98 +0.04 6.08+£0.01 ND

The data represent mean values (n = 5) + standard deviation.
Ara: Arabinose; Gal: Galactose; Glc: Glucose; Xyl: Xylose; Rh: Rhamnose; GlcA: Glucuronic acid; GalA: Galacturonic
acid; ND: Not detected.
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The FT-IR spectra (Fig. 1) exhibited typical bands of polysaccharides
(1200-800cm ™ ') as reported for similar materials.?” A band centered
around 1030 cm™ ' was assigned to C-OH bending with shoulder peaks at
~1159cm™ ', and the band at ~895cm™' was due to antisymmetric
C-O-C stretching of the glycosidic and f-1,4-linkages.*"] The other char-
acteristic bands were: 3419-3446cm ™' (OH stretching), 2904-2923cm™'
(aliphatic saturated C-H stretching), 2895-2813 cm ! (carboxylic acid
C=0, O-H and methylene C-H stretches), 1631-1640cm ' (deformation
band of absorbed H,O merged with carboxylic group of uronic acids),
1364, 1387cm™ ' (SCH), 1245-1260cm™ ' (3-antisym bridged oxygen),
1000-1200cm ™' (ring, vC-O C, vC-C, vC-O, §C-OH strongly influenced
by branching). Hemicelluloses usually contain some fractions of sugar
acids, which usually impart a weakly anionic character to the macromol-
ecule.”?! The absorption bands around 1618 and 1430 cm ™" were typical of
carboxylate groups of the uronic acid residues’®”’ and the bands in the
regions of 610-630cm ™' and 520-530cm "' (polymer backbone) were also
observed. The region 800-1200cm ' provides information about anomeric
nature, glycosidic linkages, ring and alcoholic groups.

The weighted-average molar masses as determined by GPC were
3.6 x 10°Da (PO), 2.5 x 10°Da (MP), and 3.8 x 10°Da (LR). These values
are similar to those already reported.!®’

MALDI-TOF mass spectrometry

MALDI-ToF mass spectra exhibited some important structural features of
the water-soluble fractions of the hemicelluloses under investigation. GPC
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Figure 1. FT-IR spectra of hemicelluloses from PO, MP, and LR.
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is a widely used technique for determination of the molar mass of polysac-
charides, but sometimes there are resolution problems. Moreover, molar
mass and hydrodynamic radius data generally do not correlate lin-
early.**** On the other hand, MALDI-ToF is considered to be more use-
ful for determination of molar mass.*®! Use of different matrices for the
analysis of non-derivatized oligosaccharides by MALDI-ToF has been
reported."® 2,5-Dihydroxybenzoic acid (2,5-DHB) has been demonstrated
to afford better reproducibility and higher signal-to-noise ratio.l*®
Therefore, this matrix was used in the present work. We were successful in
detecting signals beyond 20,000 Da albeit at the relatively lower resolution
and sensitivity. The spectra beyond 15,000 Da were disregarded due to very
high noise and poor resolution. Most of the peaks observed were due to
sodiated or protonated polysaccharide ions. The alkalinization or proton-
ation of fragment ions may give rise to several types of singly or doubly
charged ions at particular m/z ratios like [M+H]", [M+2H]*,
[M+Na]", and [M+H+Na]*". The cationization mechanism of some
polymers and peptides in MALDI has been investigated by different
groups.?**¥] These studies concluded that in case of polysaccharides,
alkalinization occurred more frequently than protonation. Most of the
peaks observed were due to sodiated or protonated hemicellulose ions. The
spectra of the hemicelluloses under investigation are discussed in detail in
the following paragraphs.

Plantago Ovata

The spectra of hemicellulose from PO husk are shown in Figure 2. The
striking features of the spectrum are: (i) A large number of signals between
m/z 200-850 having good intensity suggested that low-mass fragments pre-
dominate. This may be due to fragmentation of highly-branched fractions
occurring in the ionization chamber and/or polydispersity of water-soluble
fractions of the polymer. (ii) Four signals around m/z 303, 435, 567, and
699, spaced by 132 Da (Fig. 2), suggest successive cleavages at the glycosidic
bond. The signal at m/z 699.137 [M + Na] ™ represents an oligomer having
tive degrees of polymerization (DP). Such types of signals are categorized
as Y-type according to Domon and Costello.*®* (iii) A series of low-
intensity signals due to [M + H]" (Y-type) were observed around m/z 266,
397, 529, and 661 spaced by 132 Da (Fig. 2). The protonation is possibly
due to the presence of uronic acid residues as indicated by the FT-IR ana-
lysis. Here again, the highest m/z peak corresponds to DP =5. The lower
intensity is understandable as the carbohydrates are not easily proto-
nated.*”) Besides glycosidic cleavages, several lower intensity peaks (as
compared with the peak at m/z 699) spaced by 60 Da (loss of C,H,0,) and
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Figure 2. MALDI-ToF MS and [M-+Na]" fragmentation of AX in the range m/z 200-5000.
Nomenclature is according to Domon and Costello.*%>

120 Da (loss of C4HgO,) indicating cross-ring fragmentations were also
identified (Fig. 2). No peaks were detected spaced at 90 Da (possible loss of
C;03Hg), which suggests f-1,4-linkage in the polymer backbone and obvi-
ously, ff-1,3-linkage in the side chains.***®! These results are in line with
an NMR study.!*"! The resolution beyond 5000 Da was relatively poor; this
is understandable because the reflectron mode generally affords good reso-
lution up to 6000 Da.

The spectrum exhibited a series of signals beyond m/z of 1500 spaced by
132 Da. This peak-to-peak mass difference may be assigned to [M+H]"
and/or [M + Na]™ fragments (Y/B or Z/C type) of Ara (the side chain) and
Xyl (the backbone). These signals are repeated with an intensity ratio of
approximately 1:3, a characteristic of branched polysaccharides.'*”! These
tindings correspond to the monosaccharide composition of PO mucilage as:
Ara (22.6%), Xyl (74.6%).1*! There were a series of peaks from m/z 1500



JOURNAL OF CARBOHYDRATE CHEMISTRY 7

1291631

132

A= o
. N v MO\ {"i?nx-g\
[5Xy1+Na]~ L o\ VA e {,——3—' o R o -
LV AT . o -3 73 g . (8]
3 -] + 9\ & ’ o d . OH O,
[5%y1+ 16+ Na] W e . U
; [~} 0‘)‘ :-\ .Iu\-."}T.l
o o E Fragmentation pattern of f-1,4 linked xylose (main chain)
- 0y 3 . -
£ Joxew o & and p-1,3 linked glucose (braches) of GX Fragmentation pattern of -1 4 linkage
5 162 p [M+Ha] via O-4-linked acetyl group
s i 132
b — — ~
- -] X ~ P
3 5 [M+Ng] o 264
o e
= |
L

1159.401

o
o3
[ ok
wy
]
o
I
]

800 1000 1200 1400 1600 1800 m/z

Intensity

Intensity

—— T 7T T —r—T T — —— — —
5000 7000 $000 9000 10000 11000 12000 13000
e

Figure 3. MALDI-ToF MS in the range m/z 600-13,000 and fragmentation patterns of GX.
Nomenclature is according to Domon and Costello.*%>

to 3750 differing by 18 Da representing the fragments after the loss of a
water molecule. In addition to these, signals having a difference of 16 Da
possibly due to Na™/K" exchanges were also observed. Fragments smaller
than m/z 200 were not detected in MALDI-ToF owing to the low-mass
gate value used. It may be noted that pentosyl residues of Ara and Xyl can
easily add to H" and Na™, which are isobaric. Therefore, the fragments
cannot be correctly identified as originating from side chains or main chain
and as such, the degree of polymerization from this data does not reflect
the real monosaccharide content of the repeating unit.

Mimosa Pudica

The spectrum of the fraction from MP seeds is shown in Figure 3.
Assignments of fragment ions were done by mass interval analysis. This
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mucilage mainly consists of Xyl (69.11%) and Glc (30.89%) as recently
reported.'®’ The mass of the singly charged xylosyl ion was calculated as:
(132) n+23Da or (132) n+23+18Da (mass of reducing end residue)
and that of glucosyl (162) n+23Da or (162) n+23+18Da and (162)
n+ (132) n-+23Da, where n is the number of monosaccharide units. The
masses 132 and 162 are due to Y/B fragmentation (glycosidic cleavage) and
18 Da is the mass of reducing end consisting of two H and one O,
respectively.

Higher intensity peaks were observed in the range of m/z 600-900; the
highest intensity peak at m/z 703 (expected 701) was identified as molecu-
lar ion peak and can be assigned to a [5 Xyl+Na+ 18]" adduct due to
glycosidic cleavage of Xyl residues having the reducing end. The mass dif-
ference of daughter ion peaks corresponding to the parent ion was used to
identify the glycoside position of the monosaccharide. The neighboring
peaks of ions at m/z 643.374 and m/z 625.611 with a mass difference of 60
and 78 Da are due to loss of C,H,O, (cross-ring; A/X-type) and C,H,O,
+18, respectively. This suggests the cleavage of f-1,4-linked xylosyl residue
and reducing end (60 + 18), respectively, which corresponds to a loss of
xylosyl residues in the polysaccharide backbone. This was further supported
by the absence of any high-intensity peak around m/z 673 (with a mass dif-
ference of 30Da). A peak at m/z ~865 with a mass difference of 162 Da
represents the presence of a hexosyl residue [Xyl-Xyl-Xyl-Xyl-Xyl-
Glc + Na]™*. Two peaks of low intensity were observed with mass differen-
ces of 16 and 120 Da at m/z ~849 and m/z ~745, respectively. These differ-
ences suggest that Glc is also linked to Xyl through pf-1,4-linkage. The
intensities of these signals suggest that these are present as branches on the
main chain. This is because bulky groups are more vulnerable to
fragmentation.

The low-intensity peak at m/z~ 661 may be due to dehydrated monop-
rotonated five xylosyl residues [Xyl-Xyl-Xyl-Xyl-Xyl+H—-H,0]" at the
glycosidic position. The lower intensity signal of the fragment is under-
standable as discussed above. Very low-intensity peaks were observed in
the m/z range of 900-3500. A careful observation indicates that these peaks
consist of two weak signals spaced by 162 Da (due to loss of Glc) at m/z
865 and 1027. The m/z 1027 represents the sequence [Xyl-Xyl-Xyl-Xyl-Xyl-
Glc-Glc + Na + 18]. Peaks at m/z 1159 and 1291 spaced by 132Da were
due to loss of Xyl. Two peaks at m/z 1554.211 and 1818.237 (Fig. 3a) cor-
respond to the loss of Xyl-Xyl, but the dimer formation at the laser fre-
quency used in these experiments appears to be not a good assumption.
Thus, this series of peaks is assigned to sodiated or protonated fragments
of Yi/B;-type. These spectra exhibited signals corresponding to A/X-type
cross-ring fragmentation, therefore, it can be concluded that xylosyl and
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glucosyl residues are also linked through f-1,3-linkage somewhere along
with f-1,4 positions. The lower intensities of these peaks indicate that this
material consists of a rigid linear chain difficult to undergo fragmentation.
Some signals of middle intensity were observed in the m/z range
3400-12,500 with significant mass differences. In this region, bunches of
peaks having a very low resolution, due to use of reflectron mode, were
observed from m/z 8000-13,000 with the highest molecular ion peak
around m/z 12,000. A careful speculation is that the bunch consists of a
regular series of signals with mass differences of ~132 and 162 Da corre-
sponding to xylosyl or glucosyl residues [M +Na]™ or [M + H]". This was
the highest mass ever detected by MALDI-ToF in polysaccharides, which
corresponds to about 90 monosaccharides units of Xyl (Fig. 3). The above
assignments of the high m/z peaks may not be valid because of lower reso-
lution and sensitivity in these spectra; usually, the polysaccharide length of
40-45 is observable.

Several signals with differences of 16Da possibly due to Na®/K"
exchanges were also observed. The spectrum exhibited some signals with a
mass difference of 192Da (604 132) confirming the presence of uronic
acid residues in this material including the reducing ends. Such peaks were
observed at m/z 2306.316, 2366.714, and 2499.366 (Fig. 3). The peaks with
m/z difference of ~162 in the mass range 600-900 Da are due to glycosidic
cleavages of hexose units. As this material has been reported to contain Xyl
and Glc monomers, the difference of 162 Da can be considered due to glu-
cosyl, which is cleaved by Y/B or Z/C type fragmentation. The main chain
of MP appears to consist of f-1,4-d-xylose molecules with Glc molecules
linked through f-1,3-linkage either in the main chain or in the branches.
Based on this evidence, a structure of MP hemicellulose can be proposed as
shown in (Fig. 3). Thus, the material can be named as GX.

Lallemantia Royleana

The spectrum of the fraction from LR seeds is shown in Figure 4. This
material consists of Gal (1.28%), Ara (29.14%), and Rh (69.59%) as reported
previously.!®! The key fragments obtained in the spectra corresponded to
specific structural elements of hemicelluloses. A large number of peaks of
varying intensity were observed in low to high mass range, suggesting an
intensive branching and diverse heterogeneity of the hemicellulose. In low-
mass region, the highest intensity peak was at m/z 917.168; this was assigned
to a sodiated-ion of six Rh units as a result of glycosidic cleavage from the
reducing end (Y/B type fragmentation). The 146 Da mass represents Rh after
glycosidic cleavage. The mass difference of daughter fragments of m/z
917.168 peak was helpful in determining the linking pattern of the
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Figure 4. MALDI-ToF MS in range m/z 600-13,000 and fragmentation of GAR. Nomenclature is
according to Domon and Costello.*#3%

monosaccharides. A neighboring peak at m/z 899 with mass difference of
18 Da corresponds to a loss of reducing end (Z-type fragmentation). Other
peaks at m/z 869, 857, and 815 were observed with a mass difference of 30,
60, 78, and 102 Da, which are characteristic of -1,2-linkage of monosacchar-
ides including the acetyl group. A signal of relatively lower intensity was
observed at m/z 771, which corresponds to the sodiated peak of five Rh resi-
dues (Y-type fragmentation). The peak at m/z 693 having a mass difference
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of 78 indicates a f5-1,2-linkage in this material. The neighboring peaks at m/z
603, 633, 663, and 675 with mass differences of 90, 60, 30, and 18 Da also
suggests f-1,2-linkages of monosaccharides. A noticeable feature in the spec-
trum was that the cross-ring fragmentation produced higher intensity peaks
as compared to those due to glycosidic cleavages.

There was no peak having a considerable intensity between m/z 920 and
2000. However, a few peaks of very low intensity were observed at regular
intervals with mass difference of 146 Da or multiple of it at m/z 1063 ([7
Rh + Na +18]™), 1356, and 1502 indicating the presence of fragments rep-
resenting [M + 146 +Na]*. Two low-intensity signals at m/z 1502 and
1634 (mass difference of 132 Da) were observed, which corresponds to a
pentosyl residue after glycosidic cleavage that is Ara in this case. The lower
intensity reflects that Ara may be a part of the main chain. Beyond m/z
2100-13,000, there were a number of high-intensity signals. Interestingly,
the mass difference between various peaks represented the di-, tri-, and
tetra-mers of Rh (Fig. 4). These assignments may be considered with cau-
tion because of lower resolution and sensitivity in these spectra. The high-
intensity signals suggest that fragments are generated from side chains. A
bunch of peaks was present in the higher mass range beyond m/z 12,000 as
observed in the spectrum of MP. The mass difference of 162 Da between
the closely spaced peaks in the bunch suggests the presence of hexosyl
(Gal) residues in the hemicellulose. Presence of several high-intensity sig-
nals reveals that hemicellulose is highly branched. The spectrum was domi-
nated by peaks resulting from cleavage at glycosidic bonds, giving the Y/C-
type ion series and a less intense series of Z/B-type ions. Moreover, the
regular appearance of blocks of Rh having at least one reducing end sug-
gests that the fragmentation at reducing end was more common than at
non-reducing end. These results suggest that Ara and Rh are a part of the
main chain, whereas other monosaccharides are most probably from
branches. Some signals with a mass difference of 176 and 192 were
detected between m/z 3000 and 3250, which confirms the presence of
uronic acids. These results are also in line with those of an NMR study!**),
which authenticates the potential of MALDI-ToF mass spectrometry in
structure elucidation of hemicelluloses.

Materials and methods
Materials

PO seeds husk, MP, and LR seeds (all purchased from herbal product shops
in local market). L(4)-arabinose, b(+)-galactose, b(+)-glucose, D(+)-xylose,
L(+)-rhamnose monohydrate, p(+)-glucuronic acid, p(+)-galacturonic acid,
and 2,5-dihydroxybenzoic acid (DHB), all from Sigma-Aldrich, USA. Citric
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acid, disodium hydrogen phosphate, and hydrochloric acid were from E.
Merck, Germany, and lactose from Sheffield Bio-Science, UK.
Oligosaccharides f-(1-4)-p-xylotriose, f-(1-4)-pD-xylotetraose, [-(1-4)-p-
xylopentaose, and f-(1-4)-p-xylohexaose used as GPC standards were from
Megazyme (Sydney, Australia). All the chemicals were used without further
purification. Distilled water was used throughout this study.

Isolation of mucilage of PO seed husk, MP and LR seeds

Seed husk of PO, MP, and LR seeds (1.0 g) were de-dusted by sifting and
soaked in water (500 mL) for 24 h. It was homogenized by the use of kit-
chen blender and translucent material was isolated by vacuum filtration
through a muslin cloth. The mucilage was freed from fibers by centrifuga-
tion at 3000 rpm for 15min. To this, water (~100mL) was added and the
suspension was centrifuged again. This process was repeated two more
times to get clean mucilage. A clear translucent gel-like material thus
obtained was concentrated by vacuum evaporation, desalted, and freeze-
dried. The powder was stored in a desiccator till its use for analysis.

Elemental analysis

Elemental analysis of materials was performed on CHNS analyzer Vario
MICRO V1.4.2 (Elementar Analysen Systeme, GmbH, Germany).

Monosaccharide analysis

Monosaccharide analysis was performed after acid hydrolysis of the sample!**!

by using Dionex ICS 3000 HPLC system, consisting of: CarboPacPA20 column
(04 x 150mm) and electrochemical detector, according to a reported
method."”! The chromatographic conditions were: isocratic elution using 95%
water and 5% 0.2M NaOH at room temperature (25+ 1 °C); flow rate 0.5mL
min~'; injection volume 50 pL.

FTIR analysis

FTIR spectra were recorded in a transmission mode by using thin films of
the samples, obtained by drying 0.5mL of aqueous suspension (5mg
mL™") at ~40°C for 4h, using IR-prestige-20 spectrophotometer
(Shimadzu, Japan).
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Gel permeation chromatography

GPC was carried out on PL Aquagel-OH mixed column (8pum;
7.5 x 300 mm), a macroporous copolymer bead with an extremely hydro-
philic polyhydroxyl functionality, from Agilent 1200 series (Agilent,
Germany) equipped with Quat pump (G1311A) and refractive index
detector (G1362A) using water containing 0.1% NaNO; as eluent (flow
rate: 1.0mL min~' at 70°C) and injection volume of 10pL. The sample
(0.1% w/v) was filtered through 0.45 pm membrane filter before injection.
Data were analyzed by the use of Chem-Station GPC Data Analysis Rev.
A.02.02 (Agilent, Germany).

MALDI-ToF mass spectrometry

MALDI-ToF mass spectra of the samples were recorded by Bruker
Ultraflextreme MALDI-ToF/ToF (Bruker Daltonics Inc, USA) spectrometer
using single ToF option. The desalted sample (1.5 uL) was spotted in tripli-
cate on MTP 384 polished steel BC targets (Bruker Daltonics). Samples
were overlaid with 2,5-DHB (1.5pL) and left for drying (dried droplet
method). Matrix solubilization procedure included dissolution of 2,5-DHB
(20 mg mL™') in acetonitrile-0.1% TFA in water (30:70 v/v) supplemented
with 1mM NaCl. Spectra were recorded from m/z 200 to 25,000 Da in
reflectron mode. The instrument settings were: pulsed ion extraction 70 ns,
laser frequency 1000 Hz, and a number of shots per sample 10,000. The
spectra beyond 15,000 Da were very noisy, so they were excluded.

Conclusions

The MALDI-ToF MS analysis successfully elucidated the structural features
in the hemicelluloses under investigation. The study identified the presence
of f-1,4-linked xylose with arabinose attached to main chain at -1,3 posi-
tions (Plantago ovata), f-1,4-linked xylose with glucose attached to main
chain at f8-1,3 positions (Mimosa pudica), and f-1,2-linked rhamnose and
p-1,3-linked arabinose units in the main chain with arabinose attached to
the main chain through f-1,3-linkage (Lallemantia royleana). These results
are in line with those from NMR studies reported previously. This study
demonstrated that use of 2,5-DHB as the matrix can yield quite informative
mass spectra from non-derivatized water-soluble fractions of the hemicellu-
loses. However, the overall detection efficiency compared to that for pro-
teins was low; this necessitates a search for a still better matrix for the
structural study of hemicelluloses. The challenge is posed by a high degree
of heterogeneity associated with the hemicelluloses, which produce complex
mass spectra.
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