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a b s t r a c t

Due to the extensive use of xylooligosaccharides (XOS) as functional food ingredients, many inferior
goods and even adulterants are generally found in the market, which may pose a health hazard to certain
populations. Chromatography method such as high-performance liquid chromatography (HPLC) and
high-performance thin-layer chromatography (HPTLC) is traditionally applied for the quality analysis of
XOS. However, it is time consuming due to the prolonged separation and pre- or post- derivatization
procedure. In this study, a fast saccharide mapping method based on matrix-assisted laser desorption/
time-of-flight mass spectrometry (MALDI-TOF-MS) was developed for the quality consistency analysis
of 22 batches of XOS collected from different manufacturers in China. The time needed for saccharides
analysis using MALDI-MS was less than 30 min for one plate, at least 6 times faster than that by the
traditional HPTLC chromatography method. In addition, MALDI-MS possessed higher resolution for XOS
with DP4-DP7 based on the difference ofm/z, which is hardly separated using HPTLC. The results showed
that XOS were present only in samples XY01-XY11, samples XY12-XY14 only consisted of hex oligo-
saccharides, and samples XY15-XY22 were free of oligosaccharides. These indicate that the quality
consistency of XOS products in the China market was poor, which should be carefully investigated.
© 2020 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The xylooligosaccharides (XOS) are oligomers containing 2-7
xylose monomeric units linked by b-(1,4)-xylosidic linkage [1],
which are produced from lignocellulosic materials by chemical [2]
or enzymatic methods [3,4]. As non-digestible food ingredients for
humans, XOS exhibit many bioactivities such as stimulation of the
growth of probiotic bifidogenic and lactic acid bacteria in the gut
[5], improvement of calcium biological availability [6], reduction of
the risk of colon cancer [7], immunomodulatory properties [8],
antioxidant effects [9], and antimicrobial activities [10]. In addition,
XOS have favorable physicochemical features, including stability
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under wide pH range, resistance to heat, and low caloric values [11].
Therefore, the most important applications of XOS are in the field of
functional food ingredients. For example, XOS are widely used as
ingredients in soy milk, oral liquid, nutritive preparations, dairy
products as well as special preparations for health food and food
additives [12,13]. So far, there are more than eighty types of health
food products which contain XOS as main functional components
registered in the China Food and Drug Administration (CFDA).

Due to the extensive use of XOS as functional food ingredients,
the industry of XOS production is growing rapidly. China as the
world's second-largest supplier produced approximately 5231 tons,
which accounted for 21% in 2015, and the volume sustainably in-
creases in the following years. The basis for their long-term
exploitation as health promoters is highly dependent on the qual-
ity and safety of products that fulfils consumer expectations [11].
However, reports on the authentication and quality control of XOS
in the market are scarce. This is significant because mislabeled
products may pose a health hazard to certain populations, such as
diabetic patients. Therefore, there is an urgent need for a reliable
s is an open access article under the CC BY-NC-ND license (http://creativecommons.
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Table 1
Information of the analyzed samples.

Code Batch lot Production date Source

XY01 20140923 7/11/2013 Dezhou, Shandong Province
XY02 20140820 e Dezhou, Shandong Province
XY03 20140821 21/08/2014 Yucheng, Shandong Province
XY04 e 14/01/2015 Henan Province
XY05 e 14/01/2015 Henan Province
XY06 e 14/01/2015 Henan Province
XY07 e 29/01/2015 Jiangsu Province
XY08 e e Henan Province
XY09 e e Xinjiang Uygur Autonomous Region
XY10 Zhengzhou, Henan Province
XY11 20140504 04/05/2014 Dezhou, Shandong Province
XY12 e e Xi'an, Shaanxi Province
XY13 41877 e Xi'an, Shaanxi Province
XY14 e e Henan Province
XY15 140427YD Henan Province
XY16 e e Zhongshan, Guangdong Province
XY17 13122812 20/08/2014 Wuhan, Hubei Province
XY18 e 23/07/2014 Wuhan, Hubei Province
XY19 e e Zhengzhou, Henan Province
XY20 e Zhengzhou, Henan Province
XY21 e 23/08/2014 Henan Province
XY22 14050201 e Henan Province
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and efficient strategy or evaluation system for characterization and
comparison of XOS from the market, which is beneficial to
improving the quality control of XOS and their rational utilization
as functional food ingredients.

Saccharide mapping method based on high-performance thin-
layer chromatography (HPTLC), high-performance liquid chroma-
tography (HPLC), and polysaccharide analysis using carbohydrate
gel electrophoresis (PACE) has been developed for the quality
evaluation of carbohydrates as new functional ingredients in herbs
and functional foods [14]. Pu et al. [15] developed a reversed-phase
HPLC method for the separation and determination of XOS, using
pre-column derivatization with 1-phenyl-3-methyl-5-pyrazolone
(PMP) and UV detection at 245 nm. Also, high-performance liquid
chromatography-evaporative light scattering detector (HPLC-ELSD)
has been widely used for quantification and comparison of carbo-
hydrates from natural resources, which is regarded as one of the
most useful techniques for the investigation of compounds without
UV absorption [16]. Li et al. [17] developed a hydrophilic interaction
liquid chromatography (HILIC)-ELSD method for the comparison of
xylans under different hydrolysis methods and monitoring of XOS
contents from different agricultural wastes. In addition, HPTLC as a
simple method has also been widely employed for the quality
control of herb medicines [18] or food supplements [19]. However,
it is time consuming by using the above-mentioned chromatog-
raphy method due to the prolonged separation and pre- or post-
derivatization procedure. In addition, the detection sensitivity of
ELSD and refractive index detector (RID) is low and HPTLC is not
suitable for the separation of saccharides with high polymerization.
Therefore, it is necessary to develop a new complementary
saccharide mapping method with high resolution and throughput.

In the last decade, matrix-assisted laser desorption/mass spec-
trometry (MALDI-MS) was widely applied for the analysis of oli-
gosaccharides [20], both from polysaccharides [21e23] and
glycoproteins [24,25]. For example, a high-throughput MALDI-MS
based strategy was developed for the detection of honey adulter-
ation based on oligosaccharide and polysaccharide profiles [26].
This MS based technique has been verified to be a valuable tool for
the characterization of carbohydrates due to its main advantages as
rapidity, sensitivity, high resolution and simplicity of the
experiments.

In this work, apart from the traditional HPTLC method, a com-
plementary saccharides mapping method based onmatrix-assisted
laser desorption/time-of-flight mass spectrometry (MALDI-TOF-
MS) was applied for the quality evaluation of XOS collected from
different manufacturers in China. In addition, the presence of XOS
was verified by using gas chromatography-mass spectrometer (GC-
MS) analysis based on glycosidic bond. The methodologies
described in this work would be potentially useful to the quality
control of XOS products, which may provide some help for the
factories producing functional food ingredients.

2. Materials and methods

2.1. Materials and reagents

Twenty-two batches (XY01-XY22) of XOS were collected from
different manufacturers in China and the sample information is
listed in Table 1. Rhamnose (Rha), xylose (Xyl), fructose (Fru),
glucose (Glc), maltose (Mal), sucrose (Suc), dextran, xylan, tri-
fluoroacetic acid (TFA), 2,5-Dihydroxybenzoic acid (DHB), a-cyano-
4-hydroxycinnamic acid (CHCA), sinapic acid (SA) and iso-
liquiritigenin (ISL) were purchased from Sigma (Steinheim, Ger-
many). Xylobiose and xylotriose were purified in our lab with the
purities above 95% (determined by HPLC) [27]. Methanol (HPLC
grade), acetonitrile (ACN, HPLC grade) and silica gel 60 TLC plates
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were purchased fromMerck (Darmstadt, Germany). MilliporeMilli-
Q Plus system (Millipore, Billerica, MA, USA) was used for the
deionized water preparation. All the other reagents were of
analytical grade.

2.2. HPTLC analysis

Samples XY01-XY14 and XY15-XY22 were dissolved in H2O at
concentrations of 10 mg/mL and 2 mg/mL, respectively. Dextran
(5 mg/mL) and xylan (5 mg/mL) were hydrolyzed by using 1 M TFA
at 80 �C for 4 h to produce the oligosaccharides ladders. Saccharide
profiling based on HPTLC was performed according to our previ-
ously reported method [28,29]. In brief, all the samples (4 mL) were
applied on a 20 cm � 10 cm silica gel plate (Merck, Darmstadt,
Germany) by using an AS30 HPTLC Applicator (Desaga GmbH,
Germany). The bands were 8mmwide,13mm distance, and 10mm
from the bottom edge. Then, the plates were developed for two
times with 1-butanol/isopropanol/acedic acid/water (7:5:1:2, V/V/
V/V) as mobile phase. Finally, the developed plates were sprayed
with aniline-diphenylamine-phosphoric acid solution and heated
at 105 �C on a YOKO-XR plate heater (Wuhan YOKO Technology
Ltd., China) for 15 min; then the plates were covered with glass and
photographed. After that, the plates were scanned at l ¼ 520 nm
using densitometer CD60 (Desaga GmbH, Germany).

2.3. MALDI-TOF-MS analysis

MALDI-TOF-MS was performed on an UltrafleXtreme mass
spectrometer (Bruker, Bremen, Germany) system according to our
previous work [27]. The lyophilized XOS samples (1.0 mg) were
prepared in 1.0 mL of deionized water. For matrix preparation,
20 mg/mL of DHB, 15 mg/mL of CHCA solution and 10 mg/mL of SA
solution were mixed with a 1:1 volumetric ratio of ACN to water.
The ISL was dissolved in methanol at a final concentration of
0.5 mg/mL [30]. Then, 10 mL of matrix was mixed with 5 mL XOS
sample solutions. The mixed solutions (0.4 mL) were spotted on an
MTPAnchorChip target and dried at room temperature. MS spectra
were recorded in the reflector positive mode with two ion source
voltages of 25 kV and 23.7 kV. The mass scan range was from m/z
200 to m/z 3000. All depicted spectra were calibrated using an
external calibration equation generated from the ion signals of



Fig. 1. (A) HPTLC profiles of tested samples XY01-XY22, (B) peak areas of xylose, xylobiose and xylotriose in samples XY01-XY14 normalized to corresponding standards, and (C)
hierarchical clustering analysis of oligosaccharides samples XY01-XY14. S1: Rha, Xyl, Fru, Suc; S2: Glc, Xylobiose, Mal, Xylotetraose; S3: Partial acid hydrolysates of dextran; S4:
Partial acid hydrolysates of xylan. The sample codes are the same as that in Table 1.

Fig. 2. Images of sample mixtures with (A) DHB, (B) CHCA, (C) SA or (D) ISL as matrixes
by dried-droplet method.
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peptide calibration standard II (m/z 757e3147). The acquired
spectra were processed using FlexAnalysis software (Bruker Dal-
tonics, Germany) to select mass peaks with a signal-to-noise ratio
(S/N) higher than 10.
2.4. GC-MS analysis

Glycosidic linkage analysis of XOS samples was performed by
using GC-MS according to the reported method [31]. Briefly, each
XOS sample solution (5 mg in 1 mL of DMSO with 20 mg of NaOH)
was added with 0.15 mL CH3I. Then, the reagents mixture was
reacted under microwave irradiation (Multiwave 3000, Anton paar
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GmbH, Graz, Austria) at 500W for 30 s. Finally the reaction mixture
was cooled to room temperature and dialyzed overnight against
deionized water (molecular weight cut-off: 3.5 kDa); then the re-
action mixture was evaporated to dryness with a nitrogen evapo-
rator. The methylated XOS were dissolved in 2 mL of 90% HCOOH,
and the solution was exposed to microwave irradiation under
400Wand 100 �C for 5.5min, and then the solutionwas evaporated
to dryness with a nitrogen evaporator. Subsequently, the residue
was redissolved in 2 mL of 2 M TFA and exposed to microwave
irradiation under 400Wand 100 �C for 5.5min. Finally, the partially
methylated monosaccharides were reduced with NaBH4, and
neutralized with acetic acid, then acetylated with acetic anhydride.
The derivatives were analyzed by using an Agilent 6890 gas chro-
matography instrument coupled to an Agilent 5973 mass spec-
trometer (Agilent Technologies, Palo Alto, CA, USA). A capillary
column (30 m � 0.25 mm i. d.) coated with 0.25 mm film 5% phenyl
methyl siloxane was used for separation. High purity helium was
used as carrier gas with a flow rate of 1 mL/min. The column
temperature was set at 120 �C and held for 7 min for injection, then
programmed at 5 �C/min to 185 �C and held for 5 min, at 5 �C/min
to 200 �C, and immediately, at 8 �C/min to 250 �C, and held for
2 min. The split ratio was set as 10:1. The spectrometers were
operated in electron impact mode, the ionization energy was 70 eV,
and the scan rate was 0.34 s per scan. The temperatures of ioni-
zation source and the transfer line were 150 �C and 280 �C,
respectively.

3. Results and discussion

3.1. Saccharides analysis by HPTLC

HPTLC is conventionally used for routine quality control of
complex herbmedicines or health foods [32,33]. HPTLCmethod can
provide vivid colorful images, which is convenient for components



Fig. 3. The typical mass spectra of samples. (A) XY01 with XOS and hexose oligosaccharides, (B) XY07 with only XOS and (C) XY13 without XOS.
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classification [18]. We have developed a saccharide mapping
method based on HPTLC for the simultaneous determination of
seven fructooligosaccharides (FOS, DP3-DP9) in Morinda officinalis
How.(M. officinalis) and Arctium lappa Linn. (A. lappa), which was
found to be simple, stable, and reproducible [29]. In addition, XOS
up to DP6 hydrolyzed from xylanwere separated by using HPTLC in
our previous work [27]. Therefore, we applied this method for the
analysis of 22 commercial samples of XOS, and the HPTLC chro-
matograms are present in Fig. 1A. From lines S1, S2 and S4, the
xylose, xylobiose and xylotriose are showed in grayish yellow with
the Rf of 0.73, 0.50 and 0.31, respectively. Glc and Mal are of blue
color with the Rf of 0.58 and 0.38, respectively. The results from
Fig. 1A indicated that the chemical profiles of the tested samples
were significantly different. XY01-XY11 showed comprehensive
characteristics of XOS, though some hex oligosaccharides were
present in XY01, XY02, XY03, XY08 and XY10, which might be
derived from the hemicellulose in their original raw materials.
Notably, no bands of xylose, xylobiose or xylotriose were detected
in samples XY12, XY13 and XY14 except for the hydrolysate of
glucan or isomaltooligosacharide. Moreover, samples XY17
(Rf ¼ 0.57) and XY22 (Rf ¼ 0.57) might be fructose, and XY20/XY21
(Rf ¼ 0.73) might be xylose according to their HPTLC chromato-
gram. Particularly, no bands were detected in XY15, XY16, XY18 or
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XY19, which suggested that these samples might be free of sugars.
Therefore, samples from XY01 to XY14 which contained the oli-
gosaccharides were scanned, and the peak areas of xylose, xylo-
biose and xylotriose were normalized to corresponding reference
standards (Fig. 1B), and samples XY15-XY22 without oligosaccha-
rides bands were excluded for this data analysis. There was a down
trending of the relative contents of XOS fromXY03 to XY07. Besides,
the proportions of xylose, xylobiose and xylotriose also varied,
which indicated the semiquantitaitve capacity of XOS analysis by
using HPTLC method. In addition, hierarchical cluster analysis
(HCA) based on the scanning densitometry of samples XY01-XY14
was also carried out using ORIGIN 9.1 software (OriginLab Corp.,
Northampton, MA, USA). It can be seen from the HCA dendrogram
(Fig. 1C) that samples XY01-XY11 contained XOS in one cluster,
while samples XY12-XY14 without XOS were in the other cluster.
Therefore, this developed HPTLC method could be applied for the
differentiation of XOS samples from their adulterants, andwould be
an important tool for the quality control of XOS in the market.
However, oligosaccharides with higher DP were poorly separated
with low resolution and sensitivity [27], which was one of the
inherent defects of HPTLCmethod. In addition, saccharides analysis
using HPTLC usually took more than 3 h for one plate, which
hampered the detection efficiency. To increase accuracy and speed,



Fig. 4. Mass-up 3D principal component analysis of samples XY01-XY14. (A) default camera, (B) top camera, (C) left camera, and (D) right camera.
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saccharide analysis using MALDI-MS was applied. As HPTLC
detection is very convenient and affordable, it is necessary to
establish HPTLC standard fingerprint as a preliminary screening
method.

3.2. Saccharide mapping analysis based on MALDI-MS

Compared to HPTLC method that needs more than 3 h [29],
saccharide mapping analysis based on MALDI-MS is very fast. It
takes about 35 min including mixture preparation of sample and
matrix, sample spotting on the plate, and sample drying. The MS
spectra can be acquired in seconds for one sample [27]. The oli-
gosaccharides were separated based on the difference of m/z using
MALDI-MS. The m/z for XOS with DP3-DP10 is 437, 569, 701, 833,
965,1097,1229 and 1361, respectively, which can be easily resolved.
But HPTLC is difficult for separation of oligosaccharides with higher
DP. Therefore, MALDI-MS is a better choice for oligosaccharides
identification with high polymerization.

Saccharide mapping based on MALDI-MS profiling was
employed for quality evaluation of XOS from different manufac-
turers (XY01-XY22). First, matrix DHB, CHCA, SA, and ISL were tried
for analysis of sample XY01. Morphological differences in the
crystal layers resulting from sample deposition in DHB, CHCA, SA,
and ISL with sample are shown in Fig. 2. DHB preparation formed
needle-like crystals across the spot (Fig. 2A). CHCA preparation
formed point-like crystals (Fig. 2B) and SA formed cotton-like
crystals (Fig. 2C) distributed over the sample surface. In the case
of ISL, a very homogenous surface was obtained (Fig. 2D), which
suggests the even distribution of ‘hot’ sites that could offer greater
spot-to-spot reproducibility. Indeed, compared with traditional
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matrices DHB, CHCA, and SA, ISL has several advantages such as
forming more homogeneous crystals, better detection limits, S/N,
reproducibility, and resolution, which has been systematically
evaluated by Yang et al. [30]. Therefore, matrix ISL was selected for
the analysis of XOS samples.

Commercial XOS are usually derived from plant cell walls by
chemical or enzymatic digestion methods. The main chains of XOS
are composed of b-(1e4)-linked xylopyranose (Xylp) residues. In
addition, XOS chains are usually substituted by glucuronic acid
(GlcA) or its 4-O-methyl derivative (MeGlcA) residue. Furthermore,
acetyl groups and/or minor arabinofuranosyl (Ara) residues are also
identified as substituents [34]. When subjected to MALDI-TOF-MS,
pseduomolecular ions of all XOS were observed as [MþNa]þ as
described in the previous literature [27,34e36]. The typical mass
spectra of three samples, XY01 (with pentose and hexose oligo-
saccharides), XY07 (only with pentose oligosaccharides) and XY13
(only with hexose oligosaccharides), are shown in Fig. 3. The mass
difference of abundant ions m/z 305, 437, 569, 701, 833, 965, 1097,
1229, 1361, and 1493 in sample XY01 was 132 Da in Fig. 3A. A
pentose residue is responsible for this mass difference, which
might be due to the neutral XOS composed of 2e11 Xyl residues.
These ions were identified as Xn, where n shows the number of Xyl
residues. The ions of m/z 479.1, 611.1, 743.2, 875.2, 1007.3, 1139.3,
1271.3 and,1403.4 had 42 Da increase comparedwith X3-X11, which
can be assigned to XOS substituted with one acetyl groups, Ac1Xn.
Similarly, ions of m/z 653.1, 785.2, 917.2, 1049.3, 1181.3, 1313.4 and
1445.4 with 84 Da increase compared to Xn can be identified as
Ac2Xn. XOS substituted with one GlcA residue were also found in
higher mass range, and ions of m/z 1273.3, 1405.4, 1537.4 and
1669.4 were found 176 Da increase compared with X8-X11. XOS



Fig. 5. GC-MS profiles of glycosidic linkages of samples XY01-XY14 with oligosaccharides.
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substituted with MeGlcA residue were negligible in XY01. Notably,
ions of m/z 365.1, 527.1, 689.2, 1013.3, 1175.3, 1337.3, 1449.4, 1661.5,
1823.5, and 1985.6, with 162 Da mass difference were attributed to
a hexose residue, which might be due to the oligosaccharides
composed of 2e12 Glc residues. These ions were defined as Gn,
where n shows the number of Glc residues. XOS substituted with
one Glc residue were also identified at ions of m/z 599.1, 731.2,
863.2, 955.3,1127.3,1259.3,1391.4 and 1669.4, with 162 Da increase
compared with Xyln. XOS with other minor substitutions such as
three or more Glc residues or acetyl groups might also be present in
the sample with low intensity. Based on the results, the constitu-
ents of sample XY01 were very complex, frequently substituted
with GlcA residue and/or acetyl groups. Similar results were also
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identified from samples XY02, XY03, XY04, XY05, XY08, XY10 and
XY11, which was in accordance with the results of HPTLC analysis
and suggested a small quantity of hexose oligosaccharides was
present in these samples.

It is interesting that predominant ions in sample XY07 (Fig. 3B)
were observed at m/z 437, 569, 701, 833, 965, 1097, 1229 and 1361
for X3 to X10. Compared with Xn, the ions with low intensity at m/z
627, 759, 891, 1023, and 1155, with 190 Da increase, can be attrib-
uted to oligosaccharides substituted with one MeGlcA residue,
identified as XnM (Fig. 3B). The ions atm/z 649, 781, 914, 1046, and
1179 close to XnM oligosaccharides, with 22 Da increase to XnM,
might result from the double sodiated ions [M � H þ2Na]þ. These
ions were only observed for XOS with MeGlcA residue, which were



Table 2
Proportion of glycosidic bonds.

Code Proportion of glycosidic bonds

T-Xylp T-Araf 1,3-Araf 1,4-Xylp T-Glcp 3,4-Xylp 2,4-Xylp 1,4-Glcp 1,6-Glcp

XY01 1a 0.14 0.040 1.25 0.071 0.011 0.011 0.016 /c

XY02 1 0.058 0.024 1.23 0.072 / / 0.009 /
XY03 1 / 0.031 1.46 0.12 / / 0.12 /
XY04 1 0.17 0.07 2.13 0.03 0.021 0.025 0.021 /
XY05 1 0.083 0.034 1.72 0.047 0.013 0.011 0.009 /
XY06 1 0.098 0.14 2.76 0.038 0.053 0.049 0.036 /
XY07 1 0.080 0.094 2.89 / 0.085 0.057 / /
XY08 1 / 0.016 1.42 0.21 / / 0.21 /
XY09 1 0.10 0.023 1.41 0.018 / / / /
XY10 1 / 0.013 1.31 0.17 / / 0.15 /
XY11 1 0.063 0.027 1.28 0.079 / / 0.0076 /
XY12 / / / / 1b / / 0.362 0.006
XY13 / / / / 1 / / 0.315 0.005
XY14 / / / / 1 / / 0.326 0.005

a The proportion of each glycosidic bond of samples XY01eXY11 was normalized to T-Xylp.
b The proportion of each glycosidic bond of samples XY12eXY14 was normalized to T-Glcp.
c Undetected.
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attributed to the substitution of one hydrogen atom by a second
sodium atom [34]. The results indicated the high purity of XOS in
sample XY07. The predominant ions in sample XY13 (Fig. 3C) were
only observed at m/z 365.1, 527.1, 689.2, 1013.3, 1175.3, 1337.3,
1449.4, 1661.5, 1823.5, and 1985.6, with mass difference of 162 Da.
This mass difference could result from a hexose residue, which
might be because the oligosaccharides are composed of 2e12 Glc
residues. These ions are defined as Glcn, where n shows the
number of Glc residues. Samples XY12 and XY14 showed the
similar spectra, which indicated that no XOS was present in these
samples. Finally, the MALDI mass spectra of samples XY01-XY22
are shown in Fig. S1, and the oligosaccharides peaks (XY01-XY14)
observed in the spectra are listed in Table S1. XOS were found in
sample XY01-XY11, while only hexose oligosaccharides were
identified in samples XY12, XY13 and XY14, which is in accordance
with the results of HPTLC. Especially, no ions responsible for oli-
gosaccharides were detected in the rest eight samples (XY15-
XY22).

Fig. 4 shows principal components analysis (PCA) of samples
XY01-XY14 in this work, but samples XY15-XY22 without oligo-
saccharides ions were excluded for this data analysis. PCA was
performed by using the Mass-Up v1.0.9 open source program
(http://sing.ei.uvigo.es/mass-up/) according to a previous report
[37]. From the 3D default camera, it can be seen that XOS samples
can be classified into two groups: XOS samples with minor (XY01,
XY02, XY04, XY05, XY06, XY09, XY11) or higher intensity (XY03,
XY08, XY10) of hexose oligosaccharides and XOS samples with only
hexose oligosaccharides (XY12, XY13, XY14). Sample XY07 was
special because the sample only contained XOS and their de-
rivatives. The results indicated that the established MALDI-MS
saccharide mapping method could authenticate XOS from other
adulterated and even fake materials. Absolutely, more samples are
needed for the verification. In addition, pentose oligosaccharides
(such as Ara 5 and Xyl 5) or hexose oligosaccharides (Glc 5 and Gal
5) with the samemolar mass could not be discriminated byMALDI-
MS. Therefore, GC-MSwas applied for the confirmation of Xyl or Glc
in the tested samples based on glycosidic linkage analysis.

3.3. Glycosidic linkage analysis by GC-MS

It is reported that XOS are sugar oligomers containing 2-7 xylose
monomeric units linked through b-(1,4)-xylosidic linkage [1,38].
GC-MS analysis is usually used for the characterization of glycosidic
linkage in carbohydrates [31,39], and applied for the structure
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identification of XOS in our prevous work [27]. Therefore, glycosidic
linkages of samples with oligosaccharides (XY01-XY14) were
analyzed by GC-MS to verify the presence of XOS (Fig. 5). The results
showed that the linkages of T-Xylp and 1,4-Xylp were most
frequently identified from XY01 to XY11, which confirmed the
presence of XOS in these samples. Besides, glycosidic bond was
present in XY03, XY08 and XY10 since T-Glcp and 1,4-Glcp were
detected, indicating that some additives existed and the proportion
of glycosidic linkages is listed in Table 2. In addition, a small pro-
portion of 1,3-Araf was also found in samples XY01-XY11, as minor
Ara residues were frequently found as substituents [34]. However,
only T-Glcp, 1,4-Glcp and small proportions of 1,6-Glcp existed in
samples XY12, XY13 and XY14 (Fig. 5), which demonstrated that
adulterates were present in these samples without XOS. These re-
sults further confirmed the above findings of HPTLC andMALDI-MS
saccharide mapping analysis.

4. Conclusions

Saccharides mapping method based on MALDI-TOF-MS was
applied for the quality evaluation of XOS collected from different
manufacturers in China, and the presence of XOS was further
verified by GC-MS based on glycosidic linkage analysis. This anal-
ysis comparing 22 commercially available XOS products demon-
strated that 50% of these products were mislabeled, which
suggested the urgent improvement of the quality of commercial
XOS products in the market. Accordingly, saccharide mapping
based on MALDI-MS analysis was suitable for the rapid authenti-
cation of commercial products of XOS used for food ingredients
based on the chemical characteristics.

Declaration of competing interest

The authors declare that there are no conflicts of interest.

Acknowledgments

The research was partially funded by grants from the National
Natural Science Foundation of China (No. 81673389), the National
Key R&D Program of China (2019YFC1711300), the Science and
Technology Development Fund, Macau SAR (File no. 0075/2018/A2,
034/2017/A1 and 0017/2019/AKP), and the University of Macau
(File no. MYRG2018-00083-ICMS, MYRG2019-00128-ICMS,
CPG2020-00021-ICMS).

http://sing.ei.uvigo.es/mass-up/


Y. Deng, C. Chen, L. Chen et al. Journal of Pharmaceutical Analysis 11 (2021) 284e291
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jpha.2020.08.013.

References

[1] A.F.A. Carvalho, P.d.O. Neto, D.F. da Silva, et al., Xylo-oligosaccharides from
lignocellulosic materials: chemical structure, health benefits and production
by chemical and enzymatic hydrolysis, Food Res. Int. 51 (2013) 75e85.

[2] J. Bian, P. Peng, F. Peng, et al., Microwave-assisted acid hydrolysis to produce
xylooligosaccharides from sugarcane bagasse hemicelluloses, Food Chem. 156
(2014) 7e13.

[3] V. Kumar, T. Satyanarayana, Generation of xylooligosaccharides from micro-
wave irradiated agroresidues using recombinant thermo-alkali-stable
endoxylanase of the polyextremophilic bacterium Bacillus halodurans
expressed in Pichia pastoris, Bioresour. Technol. 179 (2015) 382e389.

[4] M. Nieto-Dominguez, L.I. de Eugenio, M.J. York-Duran, et al., Prebiotic effect of
xylooligosaccharides produced from birchwood xylan by a novel fungal GH11
xylanase, Food Chem. 232 (2017) 105e113.

[5] Y.C. Chung, C.K. Hsu, C.Y. Ko, et al., Dietary intake of xylooligosaccharides
improves the intestinal microbiota, fecal moisture, and pH value in the
elderly, Nutr. Res. 27 (2007) 756e761.

[6] J.M. Campbell, G.C. Fahey, B.W. Wolf, Selected indigestible oligosaccharides
affect large bowel mass, cecal and fecal short-chain fatty acids, pH and
microflora in rats, J. Nutr. 127 (1997) 130e136.

[7] C.K. Hsu, J.W. Liao, Y.C. Chung, et al., Xylooligosaccharides and fructooligo-
saccharides affect the intestinal microbiota and precancerous colonic lesion
development in rats, J. Nutr. 134 (2004) 1523e1528.

[8] H.H. Chen, Y.K. Chen, H.C. Chang, et al., Immunomodulatory effects of xyloo-
ligosaccharides, Food Sci. Technol. Res. 18 (2012) 195e199.

[9] J. Bian, F. Peng, X.P. Peng, et al., Structural features and antioxidant activity of
xylooligosaccharides enzymatically produced from sugarcane bagasse, Bio-
resour. Technol. 127 (2013) 236e241.

[10] P. Christakopoulos, P. Katapodis, E. Kalogeris, et al., Antimicrobial activity of
acidic xylo-oligosaccharides produced by family 10 and 11 endoxylanases, Int.
J. Biol. Macromol. 31 (2003) 171e175.

[11] A. Moure, P. Gull�on, H. Domínguez, et al., Advances in the manufacture, pu-
rification and applications of xylo-oligosaccharides as food additives and
nutraceuticals, Process Biochem. 41 (2006) 1913e1923.

[12] M. Vazquez, J. Alonso, H. Domınguez, et al., Xylooligosaccharides: manufac-
ture and applications, Trends Food Sci. Technol. 11 (2000) 387e393.

[13] A.A. Aachary, S.G. Prapulla, Xylooligosaccharides (XOS) as an emerging pre-
biotic: microbial synthesis, utilization, structural characterization, bioactive
properties, and applications, Compr. Rev. Food Sci. Food Saf. 10 (2011) 2e16.

[14] S.P. Li, D.T. Wu, G.P. Lv, et al., Carbohydrates analysis in herbal glycomics, Trac.
Trends Anal. Chem. 52 (2013) 155e169.

[15] J. Pu, X. Zhao, Q. Wang, et al., Development and validation of a HPLC method
for determination of degree of polymerization of xylo-oligosaccharides, Food
Chem. 213 (2016) 654e659.

[16] L. Condezo-Hoyos, E. Perez-Lopez, P. Ruperez, Improved evaporative light
scattering detection for carbohydrate analysis, Food Chem. 180 (2015)
265e271.

[17] F. Li, H. Wang, H. Xin, et al., Development, validation and application of a
hydrophilic interaction liquid chromatography-evaporative light scattering
detection based method for process control of hydrolysis of xylans obtained
from different agricultural wastes, Food Chem. 212 (2016) 155e161.

[18] R.T. Tian, P.S. Xie, H.P. Liu, Evaluation of traditional Chinese herbal medicine:
chaihu (Bupleuri Radix) by both high-performance liquid chromatographic
and high-performance thin-layer chromatographic fingerprint and chemo-
metric analysis, J. Chromatogr. A 1216 (2009) 2150e2155.

[19] E. Sanzini, M. Badea, A. Dos Santos, et al., Quality control of plant food sup-
plements, Food Funct 2 (2011) 740e746.
291
[20] C. Borromei, M. Careri, A. Cavazza, et al., Evaluation of fructooligosaccharides
and inulins as potentially health benefiting food ingredients by HPAEC-PED
and MALDI-TOF MS, Int. J. Anal. Chem. (2009), 530639.

[21] J. Liu, V. Kisonen, S. Willfor, et al., Profiling the substitution pattern of xylo-
glucan derivatives by integrated enzymatic hydrolysis, hydrophilic-
interaction liquid chromatography and mass spectrometry, J. Chromatogr. A
1463 (2016) 110e120.

[22] M. Lopez-Garcia, M.S. Garcia, J.M. Vilarino, et al., MALDI-TOF to compare
polysaccharide profiles from commercial health supplements of different
mushroom species, Food Chem. 199 (2016) 597e604.

[23] K. Hachem, C. Faugeron, M. Kaid-Harche, et al., Structural investigation of cell
wall xylan polysaccharides from the leaves of Algerian Argania spinosa, Mol-
ecules 21 (2016), 1587.

[24] A. Shubhakar, R.P. Kozak, K.R. Reiding, et al., Automated high-throughput
permethylation for glycosylation analysis of biologics using MALDI-TOF-MS,
Anal. Chem. 88 (2016) 8562e8569.

[25] W. Gao, H. Li, Y. Liu, et al., Rapid and sensitive analysis of N-glycans by MALDI-
MS using permanent charge derivatization and methylamidation, Talanta 161
(2016) 554e559.

[26] L.L. Qu, Y.M. Jiang, X.Y. Huang, et al., High-throughput monitoring of multi-
class syrup adulterants in honey based on the oligosaccharide and poly-
saccharide profiles by MALDI mass spectrometry, J. Agric. Food Chem. 67
(2019) 11256e11261.

[27] Z.Y. Yang, D.T. Wu, C.W. Chen, et al., Preparation of xylooligosaccharides from
xylan by controlled acid hydrolysis and fast protein liquid chromatography
coupled with refractive index detection, Separ. Purif. Technol. 171 (2016)
151e156.

[28] D.T. Wu, K.L. Cheong, L.Y. Wang, et al., Characterization and discrimination of
polysaccharides from different species of Cordyceps using saccharide mapping
based on PACE and HPTLC, Carbohydr. Polym. 103 (2014) 100e109.

[29] K.L. Cheong, J. Li, J. Zhao, et al., A simple analysis of fructooligosaccharides in
two medicinal plants by high-performance thin-layer chromatography,
J. Planar Chromatogr. 27 (2014) 245e250.

[30] H. Yang, J. Wang, F. Song, et al., Isoliquiritigenin (4,2’,4’-trihydroxychalcone): a
new matrix-assisted laser desorption/ionization matrix with outstanding
properties for the analysis of neutral oligosaccharides, Anal. Chim. Acta 701
(2011) 45e51.

[31] D.T. Wu, L.Z. Meng, L.Y. Wang, et al., Chain conformation and immunomod-
ulatory activity of a hyperbranched polysaccharide from Cordyceps sinensis,
Carbohydr. Polym. 110 (2014) 405e414.

[32] J. Zhao, S.P. Li, J. Yang, et al., Quality evaluation of different products derived
from Ganoderma, J. Med. Plant 6 (2012) 1969e1974.

[33] I.N. Urakova, O.N. Pozharitskaya, A.N. Shikov, et al., Comparison of high per-
formance TLC and HPLC for separation and quantification of chlorogenic acid
in green coffee bean extracts, J. Separ. Sci. 31 (2008) 237e241.

[34] A. Reis, M.R.M. Domingues, A.J. Ferrer-Correia, et al., Structural characterisa-
tion by MALDI-MS of olive xylo-oligosaccharides obtained by partial acid
hydrolysis, Carbohydr. Polym. 53 (2003) 101e107.

[35] Y. Nakahara, K. Yamauchi, S. Saka, MALDI-TOF/MS analyses of decomposition
behavior of beech xylan as treated by semi-flow hot-compressed water,
J. Wood Sci. 60 (2014) 225e231.

[36] T. Ohbuchi, T. Takahashi, N. Azumi, et al., Structual analysis of neutral and
acidic xylooligosaccharides from hardwood kraft pulp, and their utilization by
intestinal bacteria in vitro, Biosci. Biotechnol. Biochem. 73 (2009) 2070e2076.

[37] J.E. Araujo, S. Jorge, R. Magrico, et al., Classifying patients in peritoneal dialysis
by mass spectrometry-based profiling, Talanta 152 (2016) 364e370.

[38] V. Kumar, T. Satyanarayana, Applicability of thermo-alkali-stable and
cellulase-free xylanase from a novel thermo-halo-alkaliphilic Bacillus hal-
odurans in producing xylooligosaccharides, Biotechnol. Lett. 33 (2011)
2279e2285.

[39] C. Moulis, G. Joucla, D. Harrison, et al., Understanding the polymerization
mechanism of glycoside-hydrolase family 70 glucansucrases, J. Biol. Chem.
281 (2006) 31254e31267.

https://doi.org/10.1016/j.jpha.2020.08.013
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref1
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref1
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref1
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref1
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref2
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref2
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref2
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref2
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref3
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref3
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref3
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref3
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref3
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref4
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref4
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref4
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref4
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref5
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref5
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref5
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref5
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref6
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref6
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref6
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref6
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref7
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref7
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref7
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref7
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref8
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref8
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref8
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref9
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref9
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref9
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref9
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref10
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref10
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref10
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref10
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref11
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref11
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref11
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref11
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref11
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref12
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref12
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref12
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref12
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref13
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref13
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref13
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref13
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref14
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref14
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref14
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref15
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref15
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref15
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref15
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref16
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref16
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref16
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref16
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref17
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref17
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref17
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref17
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref17
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref18
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref18
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref18
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref18
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref18
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref19
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref19
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref19
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref20
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref20
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref20
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref21
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref21
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref21
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref21
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref21
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref22
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref22
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref22
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref22
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref23
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref23
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref23
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref24
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref24
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref24
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref24
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref25
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref25
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref25
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref25
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref26
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref26
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref26
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref26
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref26
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref27
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref27
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref27
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref27
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref27
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref28
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref28
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref28
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref28
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref29
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref29
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref29
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref29
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref30
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref30
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref30
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref30
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref30
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref31
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref31
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref31
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref31
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref32
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref32
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref32
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref33
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref33
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref33
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref33
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref34
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref34
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref34
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref34
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref35
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref35
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref35
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref35
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref36
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref36
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref36
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref36
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref37
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref37
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref37
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref38
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref38
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref38
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref38
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref38
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref39
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref39
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref39
http://refhub.elsevier.com/S2095-1779(20)31056-X/sref39

	Fast saccharide mapping method for quality consistency evaluation of commercial xylooligosaccharides collected in China
	1. Introduction
	2. Materials and methods
	2.1. Materials and reagents
	2.2. HPTLC analysis
	2.3. MALDI-TOF-MS analysis
	2.4. GC-MS analysis

	3. Results and discussion
	3.1. Saccharides analysis by HPTLC
	3.2. Saccharide mapping analysis based on MALDI-MS
	3.3. Glycosidic linkage analysis by GC-MS

	4. Conclusions
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


