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UHPLC-PDA-ESI/HRMS/MSn Analysis of Anthocyanins, Flavonol
Glycosides, and Hydroxycinnamic Acid Derivatives in Red
Mustard Greens (Brassica juncea Coss Variety)
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ABSTRACT: An UHPLC-PDA-ESI/HRMS/MSn profiling method was used for a comprehensive study of the phenolic
components of red mustard greens (Brassica juncea Coss variety) and identified 67 anthocyanins, 102 flavonol glycosides, and
40 hydroxycinnamic acid derivatives. The glycosylation patterns of the flavonoids were assigned on the basis of direct comparison of
the parent flavonoid glycosides with reference compounds. The putative identifications were obtained from tandem mass data
analysis and confirmed by the retention time, elution order, and UV�vis and high-resolution mass spectra. Further identifications
were made by comparing the UHPLC-PDA-ESI/HRMS/MSn data with those of reference compounds in the polyphenol database
and in the literature. Twenty-seven acylated cyanidin 3-sophoroside-5-diglucosides, 24 acylated cyanidin 3-sophoroside-5-
glucosides, 3 acylated cyanidin triglucoside-5-glucosides, 37 flavonol glycosides, and 10 hydroxycinnamic acid derivatives were
detected for the first time in brassica vegetables. At least 50 of them are reported for the first time in any plant materials.

KEYWORDS: red mustard green, Brassica. juncea Coss variety, acylated cyanidin 3-sophoroside-5-diglucosides, acylated cyanidin
3-sophoroside-5-glucosides, acylated flavonol glycosides, hydroxycinnamic acid derivatives, UHPLC-PDA-ESI/HRMS/MSn

identification

’ INTRODUCTION

Brassica vegetables, the main group of cruciferous vegetables, are
among the most commonly consumed vegetables worldwide. Some
studies have stressed the capacities of brassica vegetables to prevent
cardiovascular diseases and some types of cancers, especially cancers
of the gastrointestinal tract, and have indicated that the polyphenols
and glucosinolates were the beneficial components.1�5 Over 30
flavonoids have been isolated from some brassica plants, and their
structures have been established using nuclear magnetic resonance
(NMR) analysis.6�10 In addition, over 130 flavonol glycosides and
50 hydroxycinnamic acid derivatives have been putatively identified
in over 30 brassica vegetables, usingHPLC-PAD-MSn analyses.11�30

About 50 anthocyanins have been reported in the “colored” brassica
vegetables, such as red cabbage, purple broccoli sprouts, purple
cauliflower, and red kale.29,31�38

In previous papers, we presented the identification of the
phenolic components of 20 green-leaf brassica vegetables, in-
cluding mustard greens.26,27 In this study, we present the
phenolic component identification of red mustard greens, the
above-ground parts of Brassica junceaCoss variety (Cruciferae), a
brassica vegetable found in some local Oriental food stores in
recent years. So far, only a few chemical studies have been carried
out on the anthocyanins of this plant.39

As a part of our project to systematically identify food phenolic
compounds, we screened more than 200 phenolic standards and
more than 400 food samples using a standardized HPLC-PDA-
ESI/MSmethod.40 Recently, themethodwas upgradedwith the use
of ultra high-performance liquid chromatography�high resolution
mass spectrometry operated in theMSnmode (UHPLC-PDA-ESI/
HRMS/MSn).41 Results for all of the standards and the identified
compounds in plant materials have been collected in a database for

use as reference compounds for future analyses.26,27,40,41 Using this
identification strategy, 67 anthocyanins, 102 flavonol glycosides, and
40 hydroxycinnamic acid derivatives were identified in red mustard
greens. More than 100 of the polyphenols are reported in brassica
vegetables for the first time.

’MATERIALS AND METHODS

Chemicals. Formic acid, HCl (37%), NaOH, and HPLC grade
methanol and acetonitrile were purchased from VWR International, Inc.
(Clarksburg, MD). HPLC grade water was prepared from distilled water
using a Milli-Q system (Millipore Laboratory, Bedford, MA).
Plant Materials and Extraction. Red mustard greens, mustard

greens (B. junceaCoss), red cabbage (Brassica oleracea var. capitata), and
purple radish (Raphanus sativus L. variety) were purchased from local
food stores in Maryland. All of the fresh samples were lyophilized, and
the dried materials were powdered.

Each powdered sample (250 mg) was extracted with 5.00 mL of
methanol/water (60:40, v/v) using sonication for 60 min at room
temperature and the slurry mixture was centrifuged at 2500 rpm for
15 min (IEC Clinical Centrifuge, Damon/IEC Division, Needham, MA).
The supernatant was filtered through a 17 mm (0.45 μm) PVDF syringe
filter (VWR Scientific, Seattle, WA), and 10 μL of the extract was used
for each HPLC injection.26,27,40,41

Alkaline-Hydrolyzed Extracts. Each of the filtered extracts
(1.00 mL) was concentrated to dryness at 40 �C under vacuum, and
the residue was mixed with 0.30 mL of 2 N NaOH under a N2
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atmosphere and kept at room temperature overnight. Then, 0.10 mL of
HCl (37%) was added to the reaction mixture. This mixture was passed
through an Oasis HLB cartridge (Waters Corp., Milford, MA) and first
washed with water (2 mL� 3) to remove the salts and then washed with
methanol/1% HCl (2 mL � 2) to yield the parent flavonoids. The
methanol portion was concentrated to dryness, and the residue was
dissolved in 1.00 mL of the extraction solvent and filtered for HPLC
injection.26,27,40,41

UHPLC-PDA-ESI/HRMS/MSn Conditions. The UHPLC-HRMS
system used consisted of an LTQ Orbitrap XL mass spectrometer with an
Accela 1250 binary pump, a PAL HTC Accela TMO autosampler, a PDA
detector (ThermoScientific, San Jose, CA), and a G1316A column
compartment (Agilent, Palo Alto, CA). The separation was carried
out on a UHPLC column (200 mm � 2.1 mm i.d., 1.9 μm, Hypersil
Gold AQ RP-C18) (Thermo-Scientific) with an HPLC/UHPLC
precolumn filter (UltraShield Analytical Scientific Instruments, Rich-
mond, CA) at a flow rate of 0.3 mL/min. The mobile phase consisted
of a combination of A (0.1% formic acid in water, v/v) and B (0.1%
formic acid in acetonitrile, v/v). The linear gradient was from 4 to 20%
B (v/v) at 40 min, to 35% B at 60 min, and to 100% B at 61 min and
held at 100% B to 65 min. The PDA was set at 520, 330, and 280 nm to

record the peaks, and UV�vis spectra were recorded from 200 to
700 nm.

Both positive and negative ionization modes were used, and the
conditions were set as follows: sheath gas at 70 (arbitrary units), auxiliary
and sweep gas at 15 (arbitrary units), spray voltage at 4.8 kV, capillary
temperature at 300 �C, capillary voltage at 15 V, and tube lens at 70 V.
The mass range was from m/z 200 to 2000 with a resolution of 15000,
FTMS AGC target at 2e5, FT-MS/MS AGC target at 1e5, isolation
width of 1.5 amu, and maximum ion injection time of 500 ms. The most
intense ion was selected for the data-dependent scan to offer their MS2,
MS3, and MS4 product ions with a normalization collision energy at
35%.41

’RESULTS AND DISCUSSION

Identification of Anthocyanins. The structures of the phe-
nolic compounds found in red mustard greens are shown in
Figure 1. Two red mustard green samples, collected on different
days, were analyzed. Both samples showed similar profiles for the
main components, but some variation was observed for the
minor peaks. LC chromatograms (520 nm for anthocyanins,
330 nm for flavonol glycosides and hydroxycinnamic acid
derivatives) for one of the samples are shown in Figures 2 and
3. Peaks detected in chromatograms of other samples (data not
shown) but not in the traces in Figures 1 and 2 are indicated with
an “ad” prefix in the text and the tables. Table 1 summarizes the
retention times (tR), HRMS masses [M]+, molecular formulas,
errors(ppm) between theoretical and measured values, major
and important MS2 and MS3 product ions (all of the MS4

product ions were the fragments from cyanidin, and not listed),
UV�vis wavelength maxima (λmax), and tentative identification
of 67 anthocyanins.
As observed in this laboratory41 and reported in the liter-

ature,29,33�38 with positive ionization, an anthocyanin, such as
cyanidin 3-acylsophoroside-5-malonylglucoside, produces two
main MS2 product ions ([Cy 3-acylsophorosyl]+ and [Cy-5-
malonylglucosyl]+) resulting from losses of acylated glycosyl
groups at the 3- and 5-positions. The main MS3 product ion was
usually the aglycone ion ([Cy]+) formed by the loss of the whole
glycosyl from either of the MS2 precursor ions. Usually, the acyl
function at the 3-position can be obtained by subtraction of
[Cy]+ (287 Da) and the 3-sophorosyl (324 Da) from the [Cy
3-acylsophorosyl]+ ion. In some cases, minor MS2 product ions
formed by the loss of the acyl function were also detected, which
confirmed the acyl group directly. Thus, the putative assignment
of the glycosyls at the 3- and 5-positions and of the acyls at the 3-
and 5-position wasmade reliably. For further detailed discussions
in this paper, the notation MSn{P} f X, Y, Z will be used,
where n represents the normal notation for the step in the
ionization process, P is the precursor ion, and X, Y, and Z are
the product ions.
All of the anthocyanins were identified using the identification

strategy reported previously41 and described briefly in the
Introduction. First, the acylated anthocyanins were converted
to their parent anthocyanins through alkaline hydrolysis and the
produced parent anthocyanin was positively identified. One
parent anthocyanin (AH-1 in Table 1) was identified as cyanidin
3-sophoroside-5-glucoside by direct comparison with the posi-
tively identified reference compound found in the alkaline-
hydrolyzed red cabbage extract. Another parent anthocyanin
(AH-2) was identified as cyanidin 3-diglucoside-5-diglucoside
and likely to have a 3-sophorosyl as the one identified in the

Figure 1. Structural skeletons of the phenolic compounds of brassica
vegetables.
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alkaline-hydrolyzed extract of purple Bordeaux radish.41 After
establishment of the glycosylation pattern, the acylated deri-
vatives of the parent anthocyanins can be easily assigned using
MSn data and the elution order as mentioned above. Some
identifications were confirmed or further reinforced by direct
comparison with reference compounds in the database or
published in the literature. Finally, HRMS data were used to
confirm the identifications.41

Among the 27 acylated cyanidin 3-sophoroside-5-diglucosides
(in the first section of Table 1), 5 (peaks 3, 28, 14, 17, and 34, the
first 5 anthocyanins of the first section of Table 1) had no acyl
function at the 5-position (the related MS2 ion at m/z 611), 14
(peaks ad-5, 20, 6, 45, 24, 29, 43, 38, 47, 48, 19, 22, 39, and 42)
had 5-malonyldiglucosyl groups (the characteristic MS2 ion at
m/z 697), and 8 (peaks 10, 9, 53, 40, 50, 57, 44, and 54, the last 8
anthocyanins of the first section of Table 1) had 5-succinoyldi-
glucosyl groups (the characteristic MS2 ion at m/z 711). Their
putative identification was made by the analysis of UV�vis and
mass data as described above. For example, peaks 42 and 44 had
similar UV�vis absorbance (maxima at 326 or 328 and 536 or
538 nm) and close molecular ion data (m/z 1403.3719 and
1403.3727 for the same molecular formula of C63H71O36) but
have different MS2 product ions. Peak 42 showed MS2{1403} f
993 and 697 and was identified as cyanidin 3-feruloylsinapoylso-
phoroside-5-malonyldiglucoside. Peak 44 showed MS2{1403} f
979 and 711 and was identified as cyanidin 3-feruloylhydroxy-
feruloylsophoroside-5-succinoyldiglucoside. This assignment
of the aliphatic acyl group (100 Da) as succinoyl was supported

by the fact that cyanidin 3-p-coumaroylsophoroside-5-succino-
ylglucoside (peak 37) was previously reported in brassica
vegetables.36

In the same manner, 37 acylated cyanidin 3-sophoroside-5-
glucosides and 3 acylated cyanidin 3-triglucoside-5-glucosides
(in the lower block of Table 1) were identified. Among them,
10 (peaks 4, 13, 1, 35, 16, 18, 31, 15, 30, and 36, the first 10
anthocyanins of this block in Table 1) had no acyl function at the
5-position (the related MS2 fragments at m/z 449), 17 (peaks 2,
23, ad-2, 27, 5, 7, 56, ad-3, 51, ad-4, 33, 32, 52, 46, 21, 25, and 49)
had one malonyl group at the 5-position (the characteristic MS2

fragment at m/z 535), and 13 (peaks ad-1, 37, 26, 12, 41, 8, 11,
55, 61, 60, 59, 58, and 62, the last 13 anthocyanins of this block)
had succinoyl groups connected to the 5 position (the character-
istic MS2 ion at m/z 549). Thirteen compounds (designated * in
Table 1) had UV�vis andmass spectra data similar to the antho-
cyanins in the red cabbage in this laboratory or reported else-
where in red or purple brassica vegetables.7�9,29,31�39

Nearly all of the structurally identified anthocyanins from the
“colored” brassica plants have their first (or only) acyl group at
the 6-position of the first glucosyl group (on aglycone) and the
second acyl at the 2- (mainly) or 6-position of the second glucosyl
function of the 3-sophorosyl group.7�9,31 If this pattern holds for red
mustard green anthocynins, then peak 49, cyanidin 3-feruloylsina-
poylsophoroside-5-malonylglucoside, might be identified further
as cyanidin 3-[200-(2000-feruloyl)glucosyl-600-sinapoyl]glucoside-5-(600-malo-
nyl)glucoside or its isomer with a 3-[200-(2000-sinapoyl)glucosyl-
600-feruloyl]glucosyl function. For conciseness, similar discussions

Figure 2. LC chromatogram (520 nm) for the anthocyanins of red mustard greens extract.
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regarding such detailed assignments will not be given for other
anthocyanins.
The HRMS data were able to reliably differentiate between a

glucosyl (C6H10O5) and caffeoyl (C9H6O3), both with a mass of
162 Da in low-resolution MS. For example, on the basis of
HRMS data, peak 32 (1197.2939 for C55H57O30 with an error
of 0.82 ppm) should have 3 glucosyl groups and was identified
as cyanidin 3-feruloylcaffeoylsophoroside-5-malonylglucoside
(MS2 ions atm/z 949 and 535). Peaks 20 and 33 (1197.3137 and
1197.3149 for same molecular formula of C52H61O32, both with
an error of <1.00 ppm) should have 4 glucosyl groups. On the
basis of their MS2 ions, peak 20 was identified as cyanidin
3-feruloylsophoroside-5-malonyldiglucoside (MS2 ions at m/z
787 and 697) and peak 33 as cyanidin 3-feruloyltriglucoside-5-
malonylglucoside (MS2 ions at m/z 949 and 535). Similarly, the
HRMS data confirmed that peaks ad-4 and ad-3 also have 4
glucosyl groups. On the basis of the MS2 product ions, they were
identified as cyanidin 3-caffeoyltriglucoside-5-malonylglucoside
(ad-4) and cyanidin 3-p-coumaroyltriglucoside-5-malonylgluco-
side (ad-3), respectively.
It is worth noting that some anthocyanidins have the same

mass data as their related flavonol glycosides and coexist in the
same plants. For example, cyanidin 3-glucoside and kaempferol
3-glucoside, and cyanidin 3-glucoside-5-glucoside and kampferol
3-glucoside-7-glucoside will have the same masses, but they are
ionization mode dependent. As observed, anthocyanins prefer to
produce much stronger molecular ions and their product ions
in positive mode, whereas flavonol glycosides produce much

stronger ions in negative mode. However, in the positive mode,
the flavonol glycosides also produce weakMSTIC peaks with the
same molecular formula and MS2 product ions as their related
anthocyanins. In the negative mode, some anthocyanins pro-
duced weaker MS TIC peaks to show [M � 2H]� ions and the
same molecular formulas and fragments29 as their related flavonol
glycosides. In such cases, reliable identification can bemade only on
the basis of the careful consideration of the relative elution order, the
UV�vis spectra (if available), and the existence of corresponding
ions in both negative and positive ionization modes.
To date, approximately 50 anthocyanins (positional isomers were

counted as 1), including about 30 acylated cyanidin 3-sophoroside-
5-glucosides, have been reported in brassica plants.7�9,29,31�39 Of
the acylated cyanidin 3-sophoroside-5-glucosides, 3 (maybe 4-7
compounds since they were reported from 2 or 3 vegetables) have a
malonyl group and 1 has a succinoyl group at the 5-position. Except
for themistakenly identified cyanidin 3-sinapoyldiglucoside-5-diglu-
coside from cyanidin 3-(glucosylsinapoyl)sophoroside-5-glucoside
(based on the reportedMSn data),29 no acylated cyanidin 3-digluco-
side-5-diglucoside has been reported in brassica plant. Thus, all 27
acylated cyanidin 3-sophoroside-5-diglucosides, 3 cyanindin 3-acyl-
triglucoside-5-malonylglucosides, and 24 acylated cyanidin 3-so-
phoroside-5-glucosides are reported in brassica vegetables for the
first time. Twelve of them had retention times, UV�vis spectra, and
mass data similar to those of anthocyanins recently reported for
purple Bordeaux radish.41However, withoutNMRanalysis, an exact
match of these isomeric structures cannot bemade; that is, it cannot
be confirmed that they are the same anthocyanins. Thus, at

Figure 3. LC chromatogram (330 nm) for the flavonol glycosides and hydroxycinnamic acid derivatives of red mustard greens extract.
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least 40 of the anthocyanins have been detected in plants for the
first time.
Identification of O-Glycosylated Flavonols and Their Acy-

lated Derivatives. The retention times, HRMS weights for depro-
tonated molecules [M � H]�, main and diagnostic MS2 and MS3

product ions, UV λmax, and identifications of 102 flavonol glycosides
are arranged by the numbers of glucosyls in Table 2. Chromatograms
are shown in Figure 3.
As listed in Table 2, the flavonol glycosides were easily

identified using their UV maximum absorptions (λmax) and
tandem mass data. For example, kaempferol 3-glycosides and 3,
7-diglycosides had characteristic UV λmax around 266 and
348 nm, and quercetin or isorhamnetin 3-glycosides and 3,
7-diglycosides had peaks around 256 (or plus a shoulder
around 266) and 354 nm. However, the 7-O-glycosides of
kaempferol had UV λmax around 266 and 366 nm, whereas
the 7-O-glucosides of quercetin and isorhamnetin had maxima
around 256 (or plus a shoulder at around 266) and 370 nm.6�30

Attachment of a p-coumaroyl group to the glycosyl function
shifts the UV λmax to around 310 nm and increases the weight of
the molecular ion by 146 Da. When another hydroxycinnamoyl
group was attached to the glycosyl function, the UV absorption
maxima was shifted to 326�340 nm and the molecular ion was
increased by 162, 176, 192, and 206 Da (or the sum of two acyl
groups when they exist in the glycoside) for caffeoyl, feruloyl,
hydroferuloyl, and sinapoyl groups, respectively.6�30

The assignments of the glycosyl positions and the types of
3-di- or -triglucosyl groups discussed above were made on the
basis of the product ions for the flavonol glycosides in the
negative ionization mode. Flavonol 3-glycoside-7-glycoside loses
its 7-glycosyl first to form the major MS2 product ion. Then it
loses a part and, finally, the whole of the 3-glycosyl to form its
MS3 product ions.11�30 It was noted that the loss of 120 and 180
Da (to produce stronger ions) was related to the glycosyl as
either sophorosyl (2-β-D-glucopyranosyl-D-glucopyranosyl) or
sophorotriosyl (200-β-D-glucopyranosyl-20-β-D-glucopyranosyl-
D-glucopyranosyl). Otherwise, the existence of gentiobiosyl (6-
β-D-glucopyranosyl-D-glucopyranosyl), gentiotriosyl (600-β-D-
glucopyranosyl-60-β-D-glucopyranosyl-D-glucopyranosyl), or
other glycosyls was suggested.12�25,28�30,42 Similar product ions
were also observed for the flavonol glycosides containing only
one glycosyl (or acylglycosyl) at the 3- or 7-position.
The structure assignment discussed above were also found for

acylated flavonol 3,7-diglycosides. However, a flavonol 3-acylgly-
coside-7-glycoside will always lose its 7-glycosyl and the acyl
functions of the 3-acylglycosyl in MS2 and MS3 fragmentations.
Thus, the product ion to confirm the sugar linkage of the
3-glycosyl can be observed only in MS4 or further fragmentation
spectra. For example, six isorhamnetin 3-acylsophoroside-7-
glucosides (peaks 89, 28, ad-3, 46, 26, and 41 in the middle
block of Table 2) have a major MS3 product ion atm/z 639. This
ion produced major MS4 product ions at m/z 459 by loss of 180
Da from the glycosyl and at m/z 315 by loss of full glycosyl,
respectively, confirming sophorosyl as the diglucosyl group.
Similar major MS4 product ions were also observed for some
of the other acylated glycosides and confirmed the sugar con-
nection. The glycosylation pattern can also be confirmed from
the parent glycosides found in the alkaline hydrolyzed extract.
On the basis of the structural patterns described above, 26

nonacylated flavonol glycosides (in bold in Table 2) and 76
acylated glycosides were identified. Of the 102 flavonol glycosides,
19 contained four glucosyl groups (in the first section of Table 2),T
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42 contained three glucosyl groups, 35 contained two glucosyl
groups, and 6 had one glucosyl group (in the last section of
Table 2). Around 65 of the glycosides were previously re-
ported in brassica vegetables from this laboratory26,27 or in
the literature.6�25,28�30 They are denoted ** or *, respectively,
in Table 2.
Of the 102 flavonol glycosides, 37 were not previously reported

for brassica plants. Peaks 6 and ad-1 have molecular formulas of
C49H57O31, the same [M � H]� at m/z 1141, and the same UV
maxima at 256 and 336 nm, confirming that both are acylated
quercetin tetraglucosides. Peak 6 showed themainMS2 product ion
atm/z 979 for loss of 7-glucosyl. The mainMS3 product ion atm/z
787, for loss of a hydroxyferuloyl group connected to 3-glycosyl, was
identified as quercetin 3-hydroxyferuloylsophorotrioside-7-gluco-
side. Its isomer, peak ad-1, showed its [M � H]� at m/z 1141;
themainMS2 product ion atm/z 787 for loss of both hydroxyferuloyl
and glucosyl groups at the 7-position, was identified as quercetin
3-triglucoside-7-hydroxyferuloylglucoside. Similarly, peak101 showed
a [M � H]� at m/z 1153 and a molecular formula of C54H57O28

(based on HRMS) indicating the existence of three glucosyl groups.
On the basis of an MS2 ion at m/z 991, formed by the loss of the
7-glucosyl, and a product ion atm/z 785, formed by loss of sinapoyl,
thisflavonoidwas identified as kaempferol 3-feruloylsinapoylsophoro-
side-7-glucoside.
On the basis of the fact that the main MS2 and MS3 fragments

were formed by loss of CO (44 Da) and the remaining part
(204 Da) of the 7-malonylglucosyl (248 Da) from their molec-
ular ions and the major MS2 and MS3 ions, respectively, eight
glycosides (peaks 109, 111, 104, 106, 115, 116, 107, and 105) were
confirmed to have a malonylglucosyl group at their 7-positions. The
first four peaks might be kaempferol glycosides, whereas the latter
four might be isorhamnetin glycosides because they had MS3

product ions at m/z 755 and 785, respectively. These ions were
also the major MS4 ions. These data suggested that they have the
same 3-glycosyl as ad-4, ad-7, and ad-8. The ion atm/z 755 was the
mainMS2 fragment of peak ad-4 and gave product ions atm/z 609,
339, and 285. Thus, this compound was identified as kaempferol
3-p-coumaroylsinapoyldiglucoside. Similarly, the ion atm/z 785was
the main MS2 fragment of peaks ad-7 and ad-8 and gave its main
MS3 product ions at m/z 639 and 315 to confirm the peaks as
isorhamnetin glycosides. Besides, another four quercetin glycosides
(peaks 45, 57, 77, and 85) and three kaempferol glycosides (peaks
34, 60, and ad-4) are possibly reported in brassica plants for the first
time.6�30

It is worth noting that 23 acylated isorhamnetin glycosides
(peaks 89, 28, ad-3, 46, 26, 41, 102, 99, 115, 116, 107, and 105
contained three glucosyl groups; peaks 58, 98, 117, 100, ad-5, ad-6,
ad-7, ad-8, ad-9, and ad-10 contained two glucosyl groups; peak 103
contained one glucosyl group) were detected in redmustard greens,
but only isorhamnetin 3-sinapoylsophoroside-7-glucoside (peak
41) was previously reported in kale.28 Isorhamnetin 3-pentoside-
7-glucoside (peak 44) is possibly reported in brassica plants for the
first time, too. Thus, 37 of the identified glycosides were detected in
brassica vegetable for the first time. On the basis of the results from a
SciFinder online molecular formula search, around 20 are reported
for the first time in plants.
Identification of Hydroxycinnamic Acid Derivatives. The

retention times, HRMS molecular ions [M � H]�, diagnostic
MS2 and MS3 product ions, UV λmax and identification of
the hydroxycinnamates, arranged by molecular weight, are listed
in Table 3. The peaks are listed with the flavonol glycoside
peaks in Figure 3. They contained hydroxycinnamic acids,

hydoxycinnamoylquinic acids, hydroxycinnamoylmalic acids,
and hydroxycinnamoylsaccharides with one to three glucoses. Most
of them were identified using reference compounds detected in
brassica vegetables in this laboratory (indicated by **) or
reported in the literature (indicated by *).13,15�17,21�28,30

Twenty-five of the hydroxycinnamoylsaccharides were formed
from di- or triglucoses, mainly gentiobiose, with one to three
hydroxycinnamoyl units. Of them, five are the primary brassica
phenolic components with structures shown in Figure 1. By
direct comparison with reference compounds in mustard greens,
kale, and broccoli, peaks 108, 113, 118, 123, and 124 (Figure 3)
were identified as 1,2-disinapoylgentiobiose, 1-sinapoyl-2-feru-
loylgentiobiose, 1,2-diferuloylgentiobiose, 1,2,20-trisinapoylgen-
tiobiose, and 1,20-disinapoyl-2-feruloylgentiobiose, respectively.
Their identification was also confirmed by the same MS2 and
MS3 spectra as the reference compounds.13,15�17,21�28,30 Most
of their isomers, for example, the minor peaks 120, 127 and 128,
the isomers of peak 123, identified on the basis of nearly identical
molecular ions and product ions, were not previously reported.
Peaks 92 and 93 ([M � H]� at m/z 739), with the MS2

product ion at m/z 515 (M � 224, loss of sinapic acid) and MS3

product ions at 209 and 191 (for hydroxyferulic acid and its acyl)
were identified as sinapoylhydroxyferuloylgentiobioside and its
isomer. Similarly, peak 80 ([M � H]� at m/z 725, with a main
MS2 product ion at 515 andmainMS3 product ions at 209 and 191)
was identified as dihydroxyferuloylgentiobiose. They were isolated
from the leaves ofWasabia japonica,43 but not reported in brassica
plants. Two other polyphenols (peaks ad-2 and ad-3) were not
reported in brassica plants either. Thus, 10 of the hydroxycinnamic
acid derivatives are reported for the first time in brassica vegetables.
This study reports the identification of 209 different phenolic

compounds including anthocyanins, flavonol glycosides, and
hydroxycinnamic acid derivatives, in red mustard greens using
a standardized UHPLC-PDA-ESI/HRMS/MSn method. This
method has been shown to be an excellent tool for online,
systematic identification of food phenolic compounds. With
accurate molecular formulas, a Chemical Abstracts Service online
search can determine whether the detected compounds have
been reported previously and putative chemical structures.
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