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ABSTRACT KEYWORDS

A littleinformation is available on the kinds and contents of glucosinolate Brassica alboglabra
(GS) in Chinese kale (Brassica alboglabra L.H. Bailey), akind of healthy L.H. Bailey;
food widely grown in China. The objectives were to identify the Bolting stem;
glucosinolatesin Chinese kale and determine the variety of glucosinolates Glucosinolates (GSs);
inten cultivarswidely grownin China. Eleven glucosinolates were identi- LC/ES-MS,

fied in bolting stem of Chinese kale among ten cultivars by LC/ESI-MS. Cultivars;

The GSsidentified include seven aliphatic GSsand four indolyl GSs. Four Aliphatic GSs;
very important glucosinolatesfor cancer chemoprotection, i.e. glucoiberin, Indolyl GSs.

glucoraphanin, sinigrin and glucobrassicin, were al detected in Chinese
kale. Total glucosinolate content in bolting stem varied significantly
(P<0.05) and ranged from 5.21 to 11.92 pmol g’ DW among ten cultivars of
Chinesekale. Thealiphatic GSswere predominant, representing 81.63% of
the total glucosinolate content on average, while indolyl glucosinolates
represented 18.37%. Gluconapin was the mgjor glucosinolatein ten culti-
vars except cv.GZ2. The presence of high concentration of sinigrin,
glucoraphanin, glucoiberin, and glucobrassicin in bolting stems warrant
further research into their potential use to enhance the level of these im-
portant phytochemicalsin Chinese kale.

© 2011 Trade ScienceInc. - INDIA

INTRODUCTION anumber of cancerscan besignificantly reduced by an

intake of cruciferousvegetablessuch asbroccoli, Brus-

Brassica vegetablesareafamily of important veg-  sels sprouts and cauliflower aslittleas 10 g day 4.
etables speciesconsumedin high quantitiesthroughout  More and more researches showed that the cancer-
theworld, being very important for humandaily dietary  chemoprotectiveactivity of thosevegetablesismainly
nutrition. Epidemiologica dataindicated that theriskof  recognized to be due to their high content of
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glucosinolates (GSg)™*>8
GSs are agroup of plant secondary metabolites
mainly detectedin six familiesof angiosperm speciesand
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Note: The side chain R  is derived from amino acids
Figurel: General structureof glucosinolates

morethan 120 GSshasheenreported sofarl?. Thevaria
tionsof glucosi nolates structuresmain occur only inthe
side-chainR  derived fromaminoacids(Figure 1),
They usually can be classified into there groups accord-
ingto the precursor fromwhichthey originate, i.e. ai-
phatic, aromatic and indolyl groups®l. When the
glucos nolate-containing plant tissueisdamaged by food
preparation or chewing, GSsare brought into contact
withtheendogenousenzyme*“‘myrosinase”, results in the
formation of acomplex variety of biologicdly hydrolyss
active compoundsincludingisothi ocyanates, thiocyan-
atesand nitriles, and so on*2. | sothi ocyanates aroused
broad interest, for not only they are chemo-preventive
agentsagaingt carcinogenesisof thelungand other tis-
suesinlaboratory animas, but asothey exert protective
effectssuchasinhibition of cardnogenactivaing enzymes,
enhancement of carcinogen detoxifying enzymesandin-
duction of apoptosig*3. Chemopreventive propertiesof
GSsandtheir metabolites have beenthemotivation for
recent effortsto better understand factorsthet affect their
productionwithintheplant.

Theconcentrationand chemica formof GSsinplants
can bestrong influenced by both genetic and environ-
menta factorg®'4. Genetic factorshaveadirect influ-
enceon kindsand content of GSsin vegetables, while
environmenta conditionsmay modify theexpression of
the GSs. However, the genetic background of the prod-
uct isthemgjor determining factor. Thekindsand con-
tent of GSsin vegetabl es dependsboth quantitatively
and qualitatively on their genetic information. In
Brassca.L, GSpatternsinbroccoli and cauliflower, green
pyramida cauliflower, violet broccoli, violet and green
cauliflower showed higher contentsof indolyl GSsthan
greenbrocooli, whereasthedkyl GSgl cucorgphaninwas
mainly found in green broccoli typecompared with other
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broccoli and cauliflower typed®™. However, inradish,
no cultivar differencesinthe GSpatternsoccurred. The
akenyl GS glucoraphasatin was awaysthemain GS
present dthoughin different concentrationg®.

ChinesskdebdongstoBrassica.L isonly produced
in Chinaand plantedin China. Inthe past decades, Chi-
neseka ehas spread quickly and showsincreasing eco-
nomic potentia because of itsgood taste and rich con-
tent in carotene, V C, microel ements human needs, and
fd conoidin bolting temsthat arekey componentsof the
human diet of Chinesekale. However, thereisalittle
information availableonthekindsand their contentsin
bolting stem of Chinese kale, especidly the contents
among different cultivarg's18, Withtheincreased inter-
estindiet and human hedlth, it isnecessary to haveinfor-
mationof profilesandlevesof GSsinChinesekde These
compoundsareof interest toimprovethequdity of the
product with theaim to devel op new cultivarswith an
agopropriate GSprofilefromwhich highqudity products
with an added val ue can be produced. Themost prom-
isng varietiesfor futurebreeding purposeswould bethose
with thehightotal GS content and, especidly, withthe
high content of GSsrelated to beneficid effects.

The objectives of thisstudy were: (1) to separate
and identify the GSsin bolting stem of Chinesekale
and (2) to evauate the content in ten cultivarsof Chi-
nesekale popular planted in China.

EXPERIMENTAL

Plant growth

The seeds of cv.GZ1, GZ2, GZ3 and GZ4 were
bought from Guangzhou vegetabl eresearch center, while
other cv. ST1, ST2, ST3, ST4, ST5and ST6 werepro-
vided by Linong vegetable seeds research center. Each
cultivar seedsof Chinesekde (BrassicaalboglabralL.
H. Bailey) weresowninacontainer full of peat and ver-
miculite(3:1) andalowed to germinateinthegreenhouse
with computer controlled growing conditionsonHugiachi
Campusof Zhgiang Universty inHangzhou, China The
growth conditionswereasfollow: rdaivehumidity of 65%,
day/night temperatureof 23/18°C and photosyntheticaly
active radiation of 500 pmol m2 sfor 16 h per day.
After four weeks, theseedlingswiththreetrueleaveswere
tranderredintothefied. Beforetransplant, 120kgN ha
1, 60 kg P,O_ ha' and 100 kg k,O ha' fertilizerswere
appliedtothesoil. Therewerefour random split plots
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with 2.25 n for each cultivar. Thedistancefor eech plant
was 25 cm. After 35 days, four plantsin each pot were
sdlected for GSanaysis. Bolting stemsof Chinesekale
werecut and frozenimmediately inliquid nitrogen. After
being lyophilized and ground into powder, the samples
werestoredinadesiccator at -20°C prior toanalyss.

Extract preparation of GSs

Samplesfor GSandysiswere prepared according
totheproceduredescribed by Xu’s description with some
modificationg®¥. Duplicate of freeze-dried powder
samples (0.1 g) wereextracted with 1.5 mL methanol-
water (70:30, v/v). Theextractswereheated a 70°Cin
aheating bath for 10 min. Then theextractswere centri-
fuged at 5000 g for 10 minat 4°C. The supernatant was
refrigerated whilethe pellet wasextracted asecond time
with 3mL of methanol—water (70:30, v/v), heated at 70°C
and centrifuged using the previous conditions. Thetwo
supernatants were combined and refrigerated. The
desul phati on reaction was performed with mini-columns
prepared with DEAE Sephadex A-25 (100 mg)
(170170-01, Amersham Biosciences, Sweden) and 0.5
mol L pyridine acetateto havea0.5 mL bed volume.
Columnswerewashed with 0.5mol L pyridineacetate
and with ultra-purewater. Subsequently, 2.0 mL of the
GSextract wasadded to the column. Theunbound ma:
terid wasremoved washingwith 0.02 mol L pyridine
acetate (pH 4) and ultra-pure water, then 100 pL
sulphatase (S9626, Sigma-Aldrich Co., MO, USA) was
loaded i nthe column and desul phation was performed
overnight (16 h) at room temperature. The desul pho-
GSsweredutedwith 2.0 mL ultra-purewater and stored
-20 °C beforeanalysis. 2-Propenyl GS(sinigrin) (E.C.
3.1.6.1, typeH-1, Helix pomatia, Sigma-Aldrich Co.,
MO, USA) wasused asan externd standard.

HPLC analysis

20 uL of the desulphation extract were analyzed
by HPL.C (Beckman Coulter,Inc. System GoldHPLC,
Beckman, America) at aflow rateof 1 mL mintusnga
Hypersil ODS2 column (250 mm x 4.6 mm, 5 um,;
Elite, China) and thetemperature of thecolumnwas st
at 35°C. The eluate was detected at 227 nm by aUV
detector (Beckman). The mobile phasewasamixture
of ultra-purewater (A) and acetonitrile(B). Desulpho-
GSselution was achieved using the solvent program
congsted of constant alinear gradient from 0to 20%in
18 min, then kept constant at 20% B for 15 min2%,

ESI-MSanalysis

Themass spectrometry (M S) datawere obtained
by electrospray under atmospheric pressure using a
HPLC-MSD system (Agilent 1100 LC/MSD, Agilent
Company, USA). The conditions used for the
electrospray sourceweredescribed asfollows: ionspray
voltage, 4.8KYV (positivemode); orificevoltage, 40V;
capillary voltage, 4 KV; nebulizer gas, air; curtain gas,
nitrogen; drying gasflow, 13 L min, desolvation gas
temperature, 350 °C8l,

Satistical analysis

For data analysis, one-way analysis of variance
(ANOVA) wasperformed with asignificancelevel of
P<0.05 by software SPSSfor windows, version 11.0
(SPSSINC., Chicago, IL).

RESULTSAND DISCUSSION

HPLC profile of desul phoGSs separated and total
ioncurrent (T1C) chromatogram of boltingsteminveg-
etable Chinese kale are shown in Figure 2. The
desulpho-GSs share a common glucosyl structure,
which producestheloss of aneutra glucosyl fragment
(G m/z162.1) under collision activation conditions, so
ther protonated molecular ions[M-G+H]* fragmenta-
tionisatypicd indicator intheidentification of desulpho-
GSsin ESI spectrum?, Moreover, protonated mo-
lecularions[M+H]*, [M+Na]* and [M+K]* werea so
available in ESI spectrum for the identification of
desulpho-GSs/?3. The molecular ion region of
el ectrogpray ionization mass spectrometry of aiphatic
desul pho-glucoraphanin and indolyl desulpho-
glucobrasscininbaltingsem of Chinesekdewasshown
in Figure 3asdetailed examples.

I dentified GSs

Eleven GSswereidentified, andtheir retentiontime,
side-chain gtructure, trivial names, desulpho MW, and
their responsefactorsaregivenin TABLE 1. All the
GSswereidentified by andyzingthechemica structure
of the aglucone chain R (Figure 1), and they will be
described accordingtotherr trivia namesusedinterna
tionally for alongtime. The 14 GSsresponsefactors
were determined by the International Organization for
Standardization (ISO) scientificaly in 1992 to calcu-
latetheindividua GS content by HPL C corresponding
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Note: A, Total ion current of protonated molecules; B, absortance
at 227 nm. Peak numbersrefer to GSslisted in TABLE 1.

Figure2: Typical HPL C dution profile of desulpho-GSsin
bolting stem in Chinesekale

to sinigrin asastandard®. And the responsefactors of
the GSsunreported by SO weredenoted by 1.00. By
using theseresponsefactors, the GSs content was cal-
culated from the peak areaof acompound with anun-
known proportion relativeto that of sinigrin.

In our study, 11 peaks were detected by LC/ESI-
MSinthecollection of Chineseka evarieties studied
conssted of consisted of 7 diphatic GSs(1: glucoiberin,
2: progoitrin, 3: glucoraphanin, 4: sinigrin, 5:
glucoalyssin, 6: gluconapin and 8: glucoerucin) and 4
indolyl GSs (7: 4-hydroxyglucobrassicin, 9:
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Note: (A) Spectrum of desulpho-glucobrassicin ([M+H]*, m/z
368); (B) Spectrum of desulpho-glucobrassicin ([M+H]*, m/z
369). Spectrum were recorded between m/z 100 and 600.

Figure3: Molecular ion region of electr ospray ionization
massspectrometry of desulpho-glucor aphanin and desulpho-
glucobrassicin isolated from bolting stem of Chinesekale

glucobrassicin, 10: 4-methoxyglucobrassicinand 11:
neoglucobrassincin). Therewereafew reports about
the GSsin Chinesekale. He et al 1% detected 7 intact
GSinbolting stem of Chinesekale. Recently, Chen et
al.[* reported another three new aliphatic desul pho-
GSsin Chinesekale. Inthisstudy, anew kind of ali-
phatic GSs(glucoerucin) wasfirgtly detectedin bolting

TABLE 1: Identified desulpho-GSsin bolting stem of Chinesekale

NO.*  Retention tme (min) Side-chain structure Trivial name  Desulpho-MW  Responsefactor’
I
1 6.58 CHZCHZCHZ—ISI—CHs Glucoiberin 343 1.07
2 7.10 CHZ?HCH:CHZ Progoitrin 309 1.0
OH
3 7.59 CHz(CHz)s—ﬁ—CH3 Glucoraphanin 357 1.07
4 7.98 CH,CH=CH, Sinigrin 279 1
5 9.24 CHz(CH2)4—ﬁ—CH3 Glucoalyssin 371 1.07
O
| .
6 11.13 CH,CH,CH=CH, Gluconapin 293 111
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NO.* Retentiontme(min)  Side-chain structure

Trivial name Desulpho-MW Response factor

| OH
CH,
7 11.86 |
N
|
H

I
8 1554 CHa(CH,),CHo—5—CH,

|
CH,
9 17.08 |
N
|
H

O-CHj

I
CH,
10 19.64 |
N
|
H

|
1 24.86

|
OCH,

CH,
I N Neoglucabrassincin

4-Hydroxyglucobrassicin 384 0.28
Glucoerucin 341 1*
Glucobrassicin 368 0.29
4-Methoxyglucobrassicin 398 0.25

398 0.2

*Note: Elution order of desulphoGSsfrom HPLC. + The International Organization for Standardization (ISO 9167-1, 1992). { Not

yet decided by the I SO.

stem of Chinese kale besidesall the GSs compounds
reported beforein Chinesekale.

GSscontent

11 GSsweredetected in dl theten cultivars. Chi-
nese kale showed significant differencesfor total GS
content and for dl individual GSs(P<0.05). Thetota
GS content ranged from 5.21 umol g* DW (cv.GZ1)
to 11.92umol g* DW (cv.ST5) (TABLE 2), withamean
valueof 8.38 umol gt DW. Thelevelsarelower than
thosefoundinHe’s study™®, but very smilar to Chen’s
and La’s results*"18l,

Aliphatic GSs were predominant, representing
81.63% of thetotdl GS content onaverage, whileindolyl
GSsrepresent 18.37% (Figure4). Thevadueof indolyl
GSswasmuch smaller becausethewave ength of the
maximum absorption of indolyl desulpho-GSsisinthe
short range (219-221 nm) compared to that of other
desul pho-GSs (225-230 nm)?4. Gluconapin wasthe
major GSin each of theten cultivarsexcept cv.GZ2
(TABLE 2). In cv.GZ2, glucoraphanin account for
29.92% of totd GScontent, alittlemorethan gluconapin
that accounted for 29.34% of total GSs content. The

presence of glucoraphanin in bolting stem of Chinese
kale should be studied more extensively, becausethis
aliphatic GSisthe precursor of sulforaphanewhichis
considered to be one of the most potent inducers of
phase ¢oproteing®. Thethird and fourth GSincv.GZ2
Isprogoitrinand glucoerucin, accounted for 8.92% and
6.55% respectively. Progoitrin, described aspotentialy
goitrogenicfor livestock, did not gppear to haveahedth
risk associated with consumption of these vegetables
for human'®1, Glucoerucin possessdirect antioxidative
activity because of itsability to decompose hydroper-
oxidesand hydrogen peroxide?l.

Incv.GZ1, ST2, ST3, ST5, GZ3and GZ4, snigrin
wasthe second GSin abundance, which represented
17.65% of total GS content on average, followed by
glucoraphaninincv.GZ1, GZ3, GZ4 and ST3while
followed by glucoiberin in cv.ST5 and 4-
Methoxyglucobrassicinincv.ST2. |sothiocyanates de-
rived fromthehydrolysisof sinigrinand glucoiberinhas
been found to haveanti-carcinogenic and anti-mutagenic
effectd?’ %, Moreover, it isknown that i sothiocyanates
derived from sinigrin can causeareductioninthecho-
lesterol levelsin mice®!. Another beneficid effectsat-
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tributed to Sinigrinisitsroleassuppressor of thegrowth
of nematodes, fungi, and other soil microorganisms®,
athoughthisGSdso contribute, aswell asglucoiberin
and gluconasturtiin, to the presence of some specidist
pests. Incv.ST1 and ST4, glucoraphanin wasthe sec-
ond GS, followed by sinigrin.

Glucobrassicinisthe parent compound of indole-
3-carbinol which has been proven aong with the
sulforgphane asthe most potent anti cancer compounds
found in cruciferous vegetables®?. In cv. ST6,
glucobrass cinwasthethird GSin abundancefollowing
glucoraphanin, which represented 9.60% of total GS
content. However, the highest glucobrassi cin content
(1.03 umol g* DW) intheten cultivarsof Chinesekde
isthevariety ST2.

Other GSsdetected in bolting stem of Chinesekae
suchasglucoayssin, 4-hydroxyglucobrasscinwasina
smdl amount (TABLE 2).

Because of the beneficia effectson human health
attributed to sinigrin, glucoraphanin, glucoiberin and
glucobrassicin, themost promising varietiesfor future
breeding purposeswoul d bethosewith the highest con-
tentsin the GSsabove mentioned besidesthetotal GS
content. Inten cultivars, the highest content of total GSs

iscv. ST5(11.92 umol g DW) whilethe highest con-
tent of thefour mentioned important GSsiscv. GZ2
(4.71 umol g* DW). Moreover, plant stagesand plant
parts should be considered when planning harvest or
when making breeding selectionsfor GS concentra-
tions, because GS concentration changeswith plant age
and developmental stage’*-2.

OAliphatic GSs W Indolyl GSs

A)

2o
ON MO ®OON

Glucosinolate contents
(pmol g-1 DW)

Cultivars

OAliphatic GSs HIindolyl GSs

(B)

100
50

0

Gz1 GzZ2 GZ3 GzZ4 ST1 ST2 ST3 ST4 ST5 ST6

Relative Percentage [3]

Cultivars

Figure4: Thecontent (A) and relative percentages (B) of
total aliphatic and total indolyl GScontent in bolting stem of
Chinesekaleamong 10 cultivars

TABLE 2: Total and individual GSscontent (umol g* DW) in bolting stem of 10 Chinesekalevarieties

Cultivars GIB PRO GRA SIN GAL GNP 4HGB GRU GBS 4aMGB NGBS Total GSs
ST1 0.46+0.04c  0.14+0.03¢c 0.91+0.14de 0.64+0.07bc 0.11+0.04c  2.24+0.19e¢f 0.037+0.01bc 0.16+0.05cd 0.4440.11cd 0.30£0.09c 0.22+0.07de  5.66+0.68¢
ST2  0.33+0.0lcd 0.31+0.06c 0.76+0.07¢ 1.09+0.06ab 0.08+0.00c 2.88+0.32de  0.02+0.0lc 0.16+0.0l1cd 1.03+0.18a 1.08+0.19a 1.03+0.05a 8.76+0.48bcd
ST3 0.68+0.04b 0.81+0.02ab 0.87+0.05¢ 1.53+0.10a 0.11+0.08c 2.45+0.4le  0.05+0.00bc 0.11+0.00d 0.51+0.01c 0.34+0.00c 0.14+0.04e  7.59+0.26d
ST4 0.6440.15b  0.49+0.04bc  1.2+0.25cd 0.73+0.14bc 0.24+£0.07b 3.35+0.25bcd 0.03+0.01bc  0.44+0.01b 0.47+0.06cd 0.37+0.01bc 0.26+0.00d  8.24+0.91cd
ST5 1.13+0.11a 1.02+0.55a 1.75+0.05b 0.61+0.04c 0.43+0.05a 5.03+0.54a  0.03+0.01bc 0.45+0.00b 0.72£0.07b 0.50+0.16bc 0.23+0.01de 11.92+0.24a
ST6 0.20+0.07d  0.29£0.04c 0.90+0.03de 0.52+0.16c 0.16+0.04bc  4.05£0.18b  0.12+0.03a  0.29+0.06c 0.77+0.06b 0.62+0.08b 0.15+0.02¢ 8.07+0.59cd
Gz1 0.19+0.02d  0.10+£0.03¢ 0.93+0.23de 0.97+0.05bc 0.11+0.02c¢ ~ 1.58+0.09f  0.09+0.00a 0.22+0.00cd 0.45+0.03cd 0.36+0.05bc 0.22+0.02de 5.21+0.18¢
GZ2 0.20+0.05d 0.89+0.15ab 2.97+0.17a 0.56+0.04c  0.35+0.08a 2.92+0.25cde 0.05+0.02bc 0.66+0.17a 0.32+0.08d 0.62+0.26b 0.44+0.04c  9.97+1.32b
GZ3 0.46+0.02c  0.96+0.11a 1.28+0.05¢ 1.45+0.06a 0.07+0.00c  3.93+0.47b  0.06+0.00b  0.11+0.03d 0.35+0.03cd 0.29+0.00c 0.19+0.03de 9.15+0.39bc
Gz4 0.29+0.02d  0.20£0.03c  0.88+0.09¢ 1.46+0.20a 0.05+0.02¢ 3.58+0.09bc  0.10+0.0la  0.47+0.07b 0.80+0.04b 0.61+0.02b 0.77+0.09b 9.21+0.34bc

Within each column values followed by the same are not significantly different at P < 0.05. Values are mean + standard deviation
(n = 3). GIB, glucoiberin; PRO, progoitrin; GRA, glucoraphanin; SIN, sinigrin; GAL, glucoalyssin; GNP, gluconapin; 4HGB, 4-
hydroxyglucobrassicin; GRU, glucoerucin; GBS, glucobrassicin; 4M GB, 4-methoxyglucobrassicin; NGBS, neoglubrassincin.

CONCLUSIONS

Amongten cultivarsof Chinesekale, 11 kinds of
GSswereidentifiedinbolting temincluding 7 diphatic
GSsand4indolyl GSs. Amongtencultivars, therewere
significant differencesfor total GS content and for al
individua GSsin bolting stem among them (P <0.05).
Thetota GSscontent in bolting stem among ten culti-

varsranged from 5.21 to 11.92 umol g* DW, witha
mean value of 8.38 umol gt DW. The aliphatic GSs
represented 81.63% of thetotal GS content on aver-
age, whileindolyl GSsrepresent 18.37%. Gluconapin
wasthemajor GSin each of theten cultivars except
cv.GZ2. Incv.GZ2, glucoraphanin account for 29.92%
of total GS content, alittle morethan gluconapin that
accounted for 29.34% of total GSscontent. Regarding
both the high content of sinigrin, glucoraphanin,
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glucoiberin, and glucobrassicin and total GS content,
two varieties ST5 and GZ2 could be good sources of
beneficial GSsfor further breeding.
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