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Background: The reports about valuable oligosaccharides in ginseng are quite limited. There is an urgent
need to develop a practical procedure to detect and analyze ginseng oligosaccharides.
Methods: The oligosaccharide extracts from ginseng were permethylated by solid-phase methylation
method and then were analyzed by ultra-high-performance liquid chromatography-Q-Orbitrap/MS. The
sequence, linkage, and configuration information of oligosaccharides were determined by using accurate
m/z value and tandem mass information. Several standard references were used to further confirm the
identification. The oligosaccharide composition in white ginseng and red ginseng was compared using a
multivariate statistical analysis method.
Results: The nonreducing oligosaccharide erlose among 12 oligosaccharides identified was reported for
the first time in ginseng. In the comparison of the oligosaccharide extracts from white ginseng and red
ginseng, a clear separation was observed in the partial least squares-discriminate analysis score plot,
indicating the sugar differences in these two kinds of ginseng samples. The glycans with variable
importance in the projection value large than 1.0 were considered to contribute most to the classification.
The contents of oligosaccharides in red ginseng were lower than those in white ginseng, and the contents
of maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose, maltoheptaose, maltooctaose,
maltononaose, sucrose, and erlose decreased significantly (p < 0.05) in red ginseng.
Conclusion: A solid-phase methylation method combined with liquid chromatographyetandem mass
spectrometry was successfully applied to analyze the oligosaccharides in ginseng extracts, which pro-
vides the possibility for holistic evaluation of ginseng oligosaccharides. The comparison of oligosac-
charide composition of white ginseng and red ginseng could help understand the differences in
pharmacological activities between these two kinds of ginseng samples from the perspective of glycans.
� 2019 The Korean Society of Ginseng. Publishing services 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

Panax ginseng is a well-known Chinese herbal medicine pos-
sessing pharmaceutical activities of antitumor, antioxidant and
hypoglycemic properties and so on and has beenwidely used as an
herbal remedy or tonic food in China, Korea, and Japan for thou-
sands of years to adjust the balance of the human body [1e3].
Ginsenosides are essential compounds that are considered to be
responsible for most of the pharmaceutical activities of ginseng,
and numerous studies have been focused on their structures and
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bioactivities during the past decades [4,5]. But for the valuable ol-
igosaccharides in ginseng, the reports are quite limited. Several
studies showed that ginseng oligosaccharides have various activ-
ities, such as antitumor and antioxidant activities [6]. Jiao et al [7]
demonstrated that the oligosaccharides isolated from ginseng
roots, flowers, and leaves exhibited antioxidant activity in vitro and
in vivo. In addition, recent studies showed that ginseng oligosac-
charides could exert an immunoregulatory effect. The ginseng oli-
gosaccharides were fractionated into five purified fractions, among
which one fraction that contains disaccharides has the highest
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immunostimulant effect on lymphocyte proliferation [8,9]. In
addition, ginseng oligosaccharides are composed of polymers of 2e
14 monosaccharide molecules with low molecular weight ranging
from 342 Da to 2,286 Da and have the ability to cross the bloode
brain barrier andmediate their effects [10]. The activities of ginseng
oligosaccharides should have a close relationship with their
chemical characterizations. Thus, there is an urgent need to
develop a practical procedure to detect and analyze ginseng
oligosaccharides and further to determine their structureeactivity
relationships.

In herbal markets, ginseng is commercially available as white
and red ginseng. White ginseng is usually prepared by air-
drying and used to enhance physical fitness and disease resis-
tance, while red ginseng is commonly made by a steaming
process and drying, which is used for “boosting yang” and
replenishing vital essence with the “warming effect” [10,11].
Recent studies have shown that processing of ginseng alters its
chemical profile and may change its properties and pharmaco-
logical activities [12,13]. Some works aimed to characterize
ginsenosides, amino acids, and polysaccharides in white and red
ginseng [10,14]. However, relatively less effort has been devoted
to analysis and comparison of oligosaccharides in the two
processed ginseng products.

Various analytical tools are now available for oligosaccharide
characterization, such as high-field NMR, liquid chromatography
(LC), capillary electrophoresis, and mass spectrometry (MS) [15e
19]. LC-electrospray ionization MS (LC-ESI/MS) could help
resolve isobaric glycan species and reduce the ion suppression
compared with directed infusion ESI/MS, which has provided
the potential capability to fully define the composition and
sequence of complex glycans. Moreover, the permethylated
glycan offers improved ionization efficiency and enhanced
Fig. 1. Total ion current chromatograms of permethylated oligosaccharides. (A) From whit
maltotetraose: Peaks 6 and 8, maltopentaose: Peaks 9 and 11, maltohexaose: Peaks 12 and 13
19 and 20, sucrose: Peak 3, erlose: Peak 7, kestose: Peak 10, nystose: Peak 17).
sensitivity during MS analysis. Compared with traditional per-
methlyation method, the solid-phase permethylation has been
considered as an alternative method for traditional liquid-phase
methylation, with the advantages of fast reaction time, high
throughput, convenience, and high yields of permethylated
products for the glycan permethylation [20e23].Combined with
ESI and tandem mass information, permethylated sugar gener-
ates the most detailed information for their structure elucida-
tion [24,25].

We report here an liquid chromatographyetandem mass spec-
trometry method for the detailed characterization of per-
methylated oligosaccharides from ginseng sample. The structural
analysis of the sample was conducted by LC-ESI/MS combined with
an orbitrap analyzer. In addition, we also compared the oligosac-
charide composition of white ginseng and red ginseng, which could
help to understand the differences in pharmacological activities
between these two ginseng samples from the perspective of
glycans.
2. Materials and methods

2.1. Chemicals and materials

HPLC-grade acetonitrile was purchased from Tedia (Fairfield,
OH, USA). Dimethyl sulfoxide (DMSO), NaOH, NaBH4, trifluoroacetic
acid (TFA), CH3I, CH2Cl2, and acetic acid were obtained from Beijing
Shiji (Beijing, China). Ultrapure water was filtered using a Milli-Q
device (Millipore, Milford, MA, USA). Red ginseng sample (n ¼ 6)
and white ginseng sample (n ¼ 15) were obtained from Wanliang
market, Jilin, China, in 2015. The reference standards of maltose,
maltotriose, maltoheptaose, sucrose, erlose, kestose, and nystose
were purchased from Aladdin (Los Angeles, CA, USA).
e ginseng.(B) From red ginseng (Maltose: Peaks 1 and 2, maltotriose: Peaks 4 and 5,
, maltoheptaose: Peaks 14 and 15, maltooctaose: Peaks 16 and 18, maltononaose: Peaks



Table 1
Characterization and chemical information of permethylated oligosaccharides in ginseng using UHPLC-Q-Orbitrap/MS

Compounds Formula Peaks tR (min) Detected m/z and related adducts Deviation (ppm)

Maltose1) C20H38O11 1/2 5.69/5.97 472.2764[M þ NH4]þ; 477.2309[M þ Na]þ 2.5; 0.6
Maltotriose1) C29H54O16 4/5 6.39/6.66 676.3761[M þ NH4]þ; 681.3306[M þ Na]þ 1.6; 0.3
Maltotetraose C38H70O21 6/8 6.82/7.10 880.4757[M þ NH4]þ; 885.4305[M þ Na]þ 1.0; 0.4
Maltopentaose C47H86O26 9/11 7.18/7.44 1084.5759[M þ NH4]þ; 1089.5313[M þ Na]þ 1.2; 1.2
Maltohexaose C56H102O31 12/13 7.48/7.72 1288.6764[M þ NH4]þ; 1293.6317[M þ Na]þ 1.6; 1.5
Maltoheptaose1) C65H118O36 14/15 7.73/7.97 1492.7762[M þ NH4]þ; 1497.7306[M þ Na]þ 1.4; 0.7
Maltooctaose C74H134O41 16/18 7.96/8.19 1696.8773[M þ NH4]þ; 1701.8312[M þ Na]þ 2.0; 1.1
Maltononaose C83H150O46 19/20 8.17/8.40 1900.9768[M þ NH4]þ; 1905.9310[M þ Na]þ 1.6; 1.0
Sucrose1) C20H38O11 3 6.26 472.2762[M þ NH4]þ; 477.2307[M þ Na]þ 2.1; 0.2
Erlose1) C29H54O16 7 7.03 676.3759[M þ NH4]þ; 681.3303[M þ Na]þ 1.3; �0.2
Kestose1) C29H54O16 10 7.34 676.3761[M þ NH4]þ; 681.3302[M þ Na]þ 1.6; �0.3
Nystose1) C38H70O21 17 8.13 880.4761[M þ NH4]þ; 885.4310[M þ Na]þ 1.5; 0.9

UHPLC, ultra-high-performance liquid chromatography; MS, mass spectrometry.
1) Oligosaccharide identify was confirmed by standard references.
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2.2. Sample extraction

All ginseng samples were crushed and passed through a 20-
mesh sieve. Ten grams of each powdered sample was immersed
in 200 mL of water for 1 h and extracted using a magnetic mixer at
15 rpm at 70�C for 2h. The extract was centrifuged for 10 min at
6000 rpm. The supernatant was collected, and the residue was
extracted with water; this is repeated for 4 times. Then, the su-
pernatants were combined and concentrated to 100mL. Anhydrous
ethanol was slowly added under stirring to the collected solution to
Fig. 2. Structure and extracted ion chromatogram. (A) Structure of permethylated maltotrio
chromatograms. (C and F) Their MS spectra.
MS, mass spectrometry.
adjust the ethanol concentration to 80%. After standing 12 h at 4�C,
the solution was centrifuged for 10 min at 6000 rpm. The super-
natant was concentrated to 25 mL, and the ginseng oligosaccharide
extract was obtained.

2.3. Preparation of solid-phase permethylation column

NaOH beads were suspended in acetonitrile to prevent atmo-
spheric moisture absorption. Then, these NaOH beads were packed
in a 2.1 � 50 mm column. The NaOH-packed column was finally
se. (D) Structure of reduced-permethylated maltotriose. (B and E) Their extracted ion
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washed several times with DMSO using a syringe pump at a flow
rate of 40 mL/min.

2.4. Sample permethylation

Each of the aforementioned oligosaccharide extract (1 mL) was
freeze-dried and added to 2 mL of DMSO; after vortex shocking for
5 min, the solution was filtered through a filter (0.22 mm), and then
50 mL of CH3I was mixed with 450 mL of the filtrate. Sample per-
methylation was conducted as described previously with modifi-
cation [9,10]. In brief, 400 mL of this solution was injected into the
prepared solid-phase permethylation (SPP) column, followed by
washing with 800 mL of DMSO, and the eluent was collected in an
centrifuge tube. Afterward, 5% acetic acid solution was added to
stop the reaction. Permethylated oligosaccharides were extracted
four times with dichloromethane; then, the dichloromethane was
evaporated. Residues were dissolved in acetonitrile/water (1:1) for
MS analysis.

Maltose, sucrose, maltotriose, kestose, and nystose standards
were dissolved in DMSO to obtain stock solutions at approximately
1.0 mg/mL. Permethylated standards were obtained by using the
aforementioned method.

2.5. Sample reduction and permethylation

The sample was derivatized by the previously reported pro-
cedurewithmodifications [26,27]; 1mL of the reducing reagent (20
mg/mL NaBH4, dissolved in 0.02 M NaOH) was added into a 1-mL
extract of ginseng sample and left for 12 h at room temperature.
The reaction was terminated by the addition of glacial acetic acid,
and then, the solvent was freeze-dried. The dried samples were
permethylated by the aforementioned method to obtain the
Fig. 3. Reduced-permethylated maltoheptose. (A) MS/MS spectrum. (B) Structure.
MS/MS, tandem mass spectrometry.
reduced-permethylated ginseng oligosaccharides. Maltotriose and
maltoheptaose were dissolved in water to obtain stock solutions at
approximately 1.0 mg/mL, and the reduced-permethylated malto-
triose and maltoheptaose were obtained by using the same
methods.

2.6. Sugar composition analysis

The eluate of the permethylated oligosaccharides was collected
based on their retention times in chromatogram; then, these elu-
ates were concentrated and lyophilized. The freeze-dried frac-
tionation was hydrolyzed with hydrous methanol containing 2M
TFA at 120�C for 1 h. After TFA was removed by evaporation, the
hydrolysates were permethylated by using the SPP column and
then analyzed by liquid chromatographyemass spectrometry (LC-
MS).

2.7. LC-MS analysis

The ultra-high-performance liquid chromatography (UHPLC)
was performed on an UltiMate 3000 system (Dionex, Sunnyvale,
CA, USA) coupled with Golden C18 column (2.1 � 50 mm, 1.9 mm;
Thermo Fisher Scientific, San Jose, CA, USA) maintained at 30�C.
Mobile phase A was 0.1% formic acid in water, and mobile phase B
was 100% acetonitrile. The proportion of acetonitrile was increased
from 10% to 60% (0e5 min), 60e100% (5e10 min), isocratic 100%
(10e15 min), and finally adjusted from 100% to 10% (16 min, lasting
for 4min). The injection volumewas 2.0 mL for each sample, and the
flow rate was 0.3 mL/min.

Mass spectrometric detection was carried out on a Q Exactive
OrbitrapMS (Thermo Fisher Scientific) equipped with an ESI source
operated in positive-ion mode. The MS source parameters were set
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as follows: sheath gas flow of 40 Arb, aux gas flow of 12 Arb, and
sweep gas flow of 1 Arb. The capillary voltage was set to þ3.5 kV at
the capillary temperature of 333�C and aux gas heater temperature
of 317�C. MS datawere acquired in positive-ionmode fromm/z 200
to 2000 in full-scan mode. The normal collision energy was set to
20e50% for different samples to obtain MS/MS data. Data are
recorded and analyzed using the Xcalibur software, version 2.2.42,
(Thermo Fisher Scientific)

2.8. Multivariate statistical analysis

Both white ginseng and red ginseng oligosaccharide extracts
were permethylated by using the SPP column. The raw data of the
nonreduced-permethylated samples were acquired by the LC-MS,
and the [M þ NH4]þ and [M þ Na]þ ions of permethylated oligo-
saccharides were extracted from total ion chromatograms, and the
chromatographic peaks were integrated. Then, the resulted data
set, containing information of oligosaccharides, peak area, and
sample code, was generated as a csv file and imported into SIMCA-P
software 11.5 (Umetrics, Umea, Sweden) to conduct the multivar-
iate statistical analysis. The Student t test was used to assess the
significant difference between groups using Microsoft Excel 2016
(Microsoft Corporation, Redmond, WA, USA). A pvalue < 0.05 was
considered significant.

3. Results and discussion

3.1. Identification of oligosaccharides

Each permethylated oligosaccharide extracted from ginseng
samples was profiled by the UHPLC-Q-Orbitrap/MS, and the typical
base peak intensity chromatogram is illustrated in Fig. 1A. Twenty
Table 2
MS/MS information of reduced-permethylated oligosaccharides in ginseng using UHPLC

Compounds Formula Detected m/z of [M þ Na]þ

Maltotetraose C39H74O21 901.4610 2,4A3 72
445.20,
331.17;
Z2 461.

Maltopentaose C48H90O26 1105.5625 2,4A4 92
649.30,
535.27;
Z3 665.

Maltohexaose C57H106O31 1309.6627 2,4A5 11
737.36,
667.31,
915.44,
Z4 869.

Maltoheptaose C66H122O36 1513.7635 2,4A6 13
1145.56
649.30,
1351.67
1119.54
683.35,

Maltooctaose C75H138O41 1717.8631 2,4A7 15
1349.66
853.40,
1555.77
1323.64
887.45,

Maltononaose C84H154O46 1921.9639 2,4A8 17
1757.86
1465.70
C5 1075
1147.57
1119.54
887.45,

MS/MS, tandem mass spectrometry; UHPLC, ultra-high-performance liquid chromatogra
peaks were observed in the chromatogram, and then, these peaks
were tentatively assigned by comparing theoretical exact mass
with their measurement mass. The standard references and tan-
dem mass spectra were used to further confirm the results, and
more detailed characterization and chemical information of per-
methylated oligosaccharides are shown in Table 1.

Five oligosaccharides, including maltose, sucrose, maltotriose,
kestose, and nystose, were first identified by comparing the
retention time and accurate m/z value with standard references. As
shown in Fig. 2C, the ammonium adduct and sodium adduct of
permethylated maltotriose [M þ NH4]þ and [M þ Na]þ ions at m/z
676.38 and 681.33 were observed with high intensity and [M þ H]þ

ions at m/z 659.35 were observed with the weakest intensity; the
same results were observed in other oligosaccharides. According to
previous studies [24], the ions of [M þ Na]þ of oligosaccharides
could provide more structurally informative fragments for the
structure identification; thus, the ions of [M þ Na]þ of each com-
pound were selected as a precursor ion to perform MS/MS analysis
to assign the glycans without the comparison of standard
references.

3.2. Identification of reducing saccharides

The chromatogram of permethylated maltoriose is illustrated in
Fig. 2; the observed double peak was due to the existence of
anomeric hydroxyl, but only one peak could be detected in the
chromatogram of its reduced-permethylated products. Based on
this difference in the chromatograms, 6 oligosaccharides were
considered as reducing sugars. LC-MS analysis showed that these
six oligosaccharides were only composed of glucose (Glc) residues,
which is consistent with our previous studies [9,28,29]. The full-
scan mass spectra of Peak 6 and 8 (Fig. S1A) showed the main
/Q-Orbitrap/MS

Product ions

3.34,2,4A2 519.24,2,4A1 315.14;3,5A3 737.36,3,5A2 533.26,3,5A1 329.16; B3 649.30, B2
B1 241.10; C3 667.31, C2 463.21, C1 259.11;0,2X3 739.37,0,2X2 535.27,0,2X1
1,5X3 711.34,1,5X2 507.24,1,5X1 303.14; Y3 683.35, Y2 479.25, Y1 275.15; Z3 665.34,
24, Z1 257.14.
7.44,2,4A3 723.34,2,4A2 519.24;3,5A4 941.46,3,5A3 737.36,3,5A2 533.26; B4 853.40, B3
B2 445.20; C4 871.41, C3 667.31, C2 463.21;0,2X4 943.47,0,2X3 739.37,0,2X2
1,5X4 915.44,1,5X3 711.34,1,5X2 507.24; Y4 887.45, Y3 683.35, Y2 479.25; Z4 869.44,
34, Z2 461.24.
31.54,2,4A4 927.44,2,4A3 723.34,2,4A2 519.24;3,5A5 1145.56,3,5A4 941.46,3,5A3
3,5A2 533.26; B5 1057.50, B4 853.40, B3 649.30, B2 445.20; C5 1075.51, C4 871.41, C3
C2 463.21;0,2X5 1147.57,0,2X4 943.47,0,2X3 739.37,0,2X2 535.27;1,5X5 1119.54,1,5X4
1,5X3 711.34,1,5X2 507.24; Y5 1091.55, Y4 887.45, Y3 683.35, Y2 479.25; Z5 1073.54,
44, Z3 665.34, Z2 461.24.
35.64,2,4A5 1131.54,2,4A4 927.44,2,4A3 723.34,2,4A2 519.24;3,5A6 1349.66,3,5A5

,3,5A4 941.46,3,5A3 737.36,3,5A2 533.26; B6 1261.60, B5 1057.50, B4 853.40, B3
B2 445.20; C6 1279.61, C5 1075.51, C4 871.41, C3 667.31, C2 463.21;0,2X6

,0,2X5 1147.57,0,2X4 943.47,0,2X3 739.37,0,2X2 535.27;1,5X6 1323.64,1,5X5

,1,5X4 915.44,1,5X3 711.34,1,5X2 507.24; Y6 1295.65, Y5 1091.55, Y4 887.45, Y3

Y2 479.25; Z6 1277.63, Z5 1073.54, Z4 869.44, Z3 665.34, Z2 461.24.
39.74,2,4A6 1335.64,2,4A5 1131.54,2,4A4 927.44,2,4A3 723.34;3,5A7 1553.76,3,5A6

,3,5A5 1145.56,3,5A4 941.46,3,5A3 737.36; B7 1465.70, B6 1261.60, B5 1057.50, B4
B3 649.30; C7 1483.71, C6 1279.61, C5 1075.51, C4 871.41, C3 667.31;0,2X7

,0,2X6 1351.67,0,2X5 1147.57,0,2X4 943.47,0,2X3 739.37;1,5X7 1527.74,1,5X6

,1,5X5 1119.54,1,5X4 915.44,1,5X3 711.34; Y7 1449.75, Y6 1295.65, Y5 1091.55, Y4

Y3 683.35; Z7 1481.73,Z6 1277.63, Z5 1073.54, Z4 869.44, Z3 665.34.
43.84,2,4A7 1539.74,2,4A6 1335.64,2,4A5 1131.54,2,4A4 927.44,2,4A3 723.34;3,5A8

,3,5A7 1553.76,3,5A6 1349.66,3,5A5 1145.56,3,5A4 941.46,3,5A3 737.36; B8 1669.80, B7
, B6 1261.60, B5 1057.50, B4 853.40, B3 649.30; C8 1687.81, C7 1483.71, C6 1279.61,
.51, C4 871.41, C3 667.31;0,2X8 1759.87,0,2X7 1555.77,0,2X6 1351.67,0,2X5

,0,2X4 943.47,0,2X3 739.37;1,5X8 1731.84,1,5X7 1527.74,1,5X6 1323.64,1,5X5

,1,5X4 915.44,1,5X3 711.34; Y8 1703.85, Y7 1449.75, Y6 1295.65, Y5 1091.55, Y4

Y3 683.35; Z8 1685.83, Z7 1481.73,Z6 1277.63, Z5 1073.54, Z4 869.44, Z3 665.34.

phy; MS, mass spectrometry.



Fig. 4. Permethylated monosaccharide composition of erlose. (A) Chromatograms. (B)
MS/MS spectrum. (C) The proposed fragmentation pathway of permethylated erlose.
MS/MS, tandem mass spectrometry.
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ions at m/z 885.43 and m/z 880.48, corresponding to a reduced-
permethylated glucose tetramer [Glc4 þ Na]þ and an ammonium
adduct of a reduced-permethylated glucose tetramer, respectively.
Additional ions [M þ Na]þ atm/z 1105.56, 1309.66, 1513.76, 1717.86,
and 1921.96 observed in Fig. S1 indicated the presence of reduced-
permethylated pentamer, hexamer, heptamer, octamer, and
nonamer of glucose in the ginseng extract. Several [M þ K]þ ions
were also observed to be 16 Da higher than the corresponding
[M þ Na]þ ions. Overall, these six oligosaccharides extracted from
ginseng roots consisted of glucose oligosaccharides with the degree
of polymerization (DP) from 4 to 9.

Subsequently, the reduced-permethylated products of these
glucose oligosaccharides were subjected to ESI-MS/MS analysis to
determine their glycosidic linkages. Consider Peak 14 and 15 at tR
7.73 and 7.97 min as an example to demonstrate the identification
procedure. The double peak and single peak were observed in the
chromatograms of its permethylated and reduced-permethylated
products, suggesting it was a reducing sugar. The DP of this sugar
was calculated to be 7 by using accuratem/z 1513.76 of the reduced-
permethylated product. The MS2 spectrum of this oligosaccharide
is depicted in Fig. 3A, the Y-type ions (i.e., m/z 1295.65, 1091.55,
887.45, 683.35, 479.25), the B-type ions (i.e., m/z 1261.60, 1057.50,
853.40, 649.30, 445.20), the Z-type ions (i.e., m/z 1277.63, 1073.54,
869.44, 665.34, 461.24), and the C-type ions (i.e., m/z 1279.61,
1075.51, 871.41, 667.31, 463.21) were detected. The cross-ring
cleavage ions, including 1, 5X-ions at m/z 1323.64, 1119.54, 915.44,
711.34, and 507.24; 0, 2X-ions atm/z 1351.67, 1147.57, 943.47, 739.37,
and 535.27; 2, 4A-ions at m/z 1335.64, 1131.54, 927.44, 723.34, and
519.24; and 3, 5A-ions at m/z 1349.66, 1145.56, 941.46, 737.36, and
533.26, were also observed in this spectrum. The presence of spe-
cific fragment ions could be used to determine the type of glyco-
sidic linkage. As reported by our group [8], the 1/6 linkage
oligosaccharide possesses the ions of 0.2X/A-ion series, 0.3X/A-ion
series, and 0.4X/A-ion series; the 1/4 linkage can be confirmed by
the presence of 0.2X/A-ion series and 2,4X/A-ion series, but the
absence of 0.3X/A-ion series; the 0.3X/A-ion series is the specific
diagnostic ion for 1/3 linkage. Based on the aforementioned
criteria, the 1/4 linkage was determined in this sugar; thus, this
ion was identified as maltoheptaose, and its proposed fragmenta-
tion pathway is shown in Fig. 3B. Then, the standard reference was
used to further confirm the identification. By means of the afore-
mentioned procedure, a total of six reducing oligosaccharides with
DP from 4 to 9 were identified, and their detailed information is
shown in Table 2.

3.3. Identification of nonreducing trisaccharides

Peak 7 at tR 7.03 and m/z 681.33 showed a single peak in the
chromatograms of both the permethylated and reduced-
permethylated products, suggesting it should be a nonreducing
sugar. This sugar was considered as a trisaccharide on the basis of
its accurate mass weight. The chromatogram of the sugar compo-
sition analysis of this oligosaccharide is shown in Fig. 4A; a com-
parison of retention time showed this sugar was composed of
glucose and fructose. The peak area ratio of glucose to fructose is
approximately 2:1, indicating that the proportion of 2-glucose and
1-fructose exists in this compound. Therefore, the possible struc-
ture of this oligosaccharide could be melezitose, gentianose, or
erlose. The MS2 spectrum of this trisaccharide is illustrated in
Fig. 4B, where the most intense ion at m/z 463.21 corresponded to
the loss of permethylated hexose residues. The product ions at m/z
389.18, 375.16, and 329.16 were formed through cross-ring cleav-
ages. But it is difficult to accurately assign these fragments; there-
fore, the glycosidic linkages of this trisaccharide were hard to be
determined by only using its MS2 data. By comparing its retention
time and fragment pattern with that of permethylated erlose
standard, this trisaccharide was finally identified as erlose.
3.4. Pattern recognition analysis of oligosaccharides

For the method validation, 10 mL of each permethylated sample
was mixed to generate a quality control (QC) sample. The QC
sample was analyzed three times at the beginning of the analytical
run to ensure system equilibration and then once every ten samples
to provide quality assurance for each compound. The reproduc-
ibility of the method was evaluated with relative standard devia-
tion of the permethylated oligosaccharides in 6 QC samples.
Relative standard deviation% of all 12 oligosaccharides was less



Fig. 5. (A) PLS-DA score plot based on the LC-MS spectra of saccharide samples from white ginseng (-) and red ginseng (:). (B) Relative contents of the oligosaccharides in white
ginseng and red ginseng.
LC-MS, liquid chromatographyemass spectrometry; PLS-DA, partial least squares-discriminate analysis.
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than 15%, suggesting that the analytical platform was robust with
excellent repeatability and stability during the whole sequence.

As shown in Fig. 1, the differences between white ginseng and
red ginseng extracts could be observed from their chromatograms,
especially for the peak with high intensity, but the visual inspection
was insufficient to define the glycan differences between two
samples. Therefore, the multivariate statistical analysis was applied
to intuitively display the intergroup differences in oligosaccharides.
After peak extraction, the data set containing information of oli-
gosaccharides, peak area, and sample code was generated, and
partial least squares-discriminate analysis (PLS-DA) model con-
structed using the data from white ginseng and red ginseng sam-
ples is shown in Fig. 5A. All samples were located in the Hotelling
T2 (0.95) ellipse, and the clear separation between white ginseng
and red ginseng indicates that there are differences in the content
of oligosaccharide in white ginseng and red ginseng. The parame-
ters R2Y and Q2 value of 0.966 and 0.959, respectively, were
considered to be an excellent fitness and prediction ability of the
established PLS-DA model. The permutation test (n ¼ 200) was
further conducted to validate the model and avoid overfitting. The
values of intercepts, R2 (0.0636) and Q2 (�0.406), were lower than
the original values, which indicate great predictability and good-
ness of fit of the established model.

The oligosaccharide with variable importance in the projection
values larger than 1 was highlighted as important for the group
separation, and then, these variables were further screened using
the student t test to determine whether potential analysis markers
were statistically different between two groups. The oligosaccha-
rides with a significant difference (p < 0.05) were kept, and the
result of the t test is shown in Fig. 5B.
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As illustrated in Fig. 5B, all oligosaccharide content in red
ginseng was lower than that in white ginseng, which was
consistent with visual chromatogram observation in Fig. 1. Red
ginseng is one of the processed products prepared normally by
steaming and drying, and the decomposition of ginseng oligo-
saccharide during processing could lead to the decrease of sugar
content. And the decrease of sugar content was also caused by a
very typical reaction of a reducing sugar with ammonium such as
the Mallard reaction [30]. In addition, the oligosaccharide
partially involved in the hydrolysis reaction could lead to a
decrease in the content of oligosaccharides in red ginseng [31].
Although it was reported that several polysaccharides are hy-
drolyzed to oligosaccharides and monosaccharides during the
heating and steaming process, which may increase the concen-
trations of oligosaccharides [10], under the combined effect of the
aforementioned factors, the sugar content in the red ginseng was
lower than that in the white ginseng.

Good separation and high signal intensity of permethylated
saccharides were observed in the LC-MS analysis. The SPP pro-
cedure took only 10 min for the derivatization of each sample and
showed the advantageous of high throughput. The tandem mass
spectra of reduced-permethylated products could provide a
wealth of information for the structure identification of reducing
oligosaccharides. The 1-phenyl-3-methyl-5-pyrazolone (PMP)
derivatization method was commonly used in the characteriza-
tion of glycans, but only reducing saccharides can react with PMP,
which makes it impossible for the analysis of nonreducing sac-
charides. Compared with PMP method, both reducing and
nonreducing saccharides can be derivatized by SPP with good
signal for MS analysis. Although all oligosaccharides can be
derivatized using the SPP method and generate enough MS in-
formation by the developed method, the identification of nonre-
ducing saccharides is still challenging. Further study will be
focused on the activity evaluation of each oligosaccharide, which
will benefit for explanation of the potential biological activity/
pharmacological activities of those oligosaccharides based on
their structures.
4. Conclusions

A SPP method combined with liquid chromatographyetandem
mass spectrometry was successfully applied to analyze the oligo-
saccharides in ginseng extracts, which provides the possibility for
holistic evaluation of the oligosaccharides of ginseng and further to
determine their structureeactivity relationships. Twelve oligosac-
charides were characterized in ginseng samples based on the ac-
curate m/z values and tandem mass information, and the
identification of several oligosaccharides was further confirmed by
using the standard references. The oligosaccharide comparison of
white ginseng and red ginseng showed a clear separation in PLS-DA
score plots, and the significant different components were high-
lighted. All oligosaccharides could be detected in both white
ginseng and red ginseng samples, but at different concentrations.
Therefore, it could be inferred that the oligosaccharides detected in
the present experiment are naturally synthesized in the plant, but
the differences in content are caused by heating and steaming
processes. The results of the comparison could help understand the
differences in pharmacological activities between these two
ginseng samples from the perspective of glycans.
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