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Micellar electrokinetic capillary chromatography (MECC) was developed for the separation of cytokinins includingtrans-zeatin,trans-
eatin-O-glucoside, dihydrozeatin, dihydrozeatin-O-glucoside,meta-topolin riboside,N6-isopentenyladenine andN6-benzylaminopurine. Un
er the optimum conditions, i.e. a combination of 10 mM phosphate and 10 mM borate as the running buffer containing 50 mM sodiu
ulphate at pH 10.4, the separation of seven cytokinin standards was accomplished within 11 min. The C18 solid-phase extraction (SPE) meth
as used to pre-concentrate the putative cytokinins present in the coconut water. Following which, the eluate was further purified u
ode Oasis MCX SPE columns and this additional step helps to reduce matrix interference during MECC. After the two solid-phase

teps, the optimized MECC method was able to screen for certain cytokinins (zeatin-O-glucoside and dihydrozeatin-O-glucoside) present
oconut water. After this screening, the presence of zeatin-O-glucoside and dihydrozeatin-O-glucoside in coconut water was further confirm
y independent high-performance liquid chromatography and liquid chromatography–mass spectrometry experiments.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The analysis of cytokinins, which represent one major
roup of phytohormones, is an important area of research in
lant science. Cytokinins play various important functions in
ell division, chlorophyll formation, stimulating differentia-
ion of plant tissues, seed germination, bud formation, release
f buds from apical dominance, leaf expansion, and reproduc-

ive development[1–8]. In addition to the above plant-related
oles, some derivatives of cytokinins could potentially be use-
ul to reduce the growth of some types of mammalian tumors
9–13]. The activity of cytokinins is essentially dependent on
heir chemical structures. All native cytokinins are derivatives

∗ Corresponding author. Tel.: +65 7903810; fax: +65 68969432.
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of adenine with at least one substituent at theN6 position (see
Table 1). Thus, the rapid analyses of cytokinins are of g
importance to both plant physiologists, in understanding
ious physiological processes, and scientists from variou
ciplines (e.g. clinicians and molecular biologists) espec
in view of its potential role in suppressing mammalian tu
growth.

Capillary electrophoresis (CE) is an analytical separa
technique that brings speed, quantification, reproducib
and automation to the highly resolving but labour-inten
traditional flat-bed electrophoresis. CE is playing an incr
ingly important role in the fast growing field of biochemi
analysis of complex mixtures due to the many advant
offered by this method[14,15]. So far, relatively few pape
have reported on the analysis of cytokinins by CE[16–20].
In comparison with immunoassays such as enzyme-li
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Table 1
Structures, names and abbreviations of the cytokinins used in this study

R1 R2 R3 Compound Abbreviation

H H trans-Zeatin Z

H G trans-Zeatin-O-glucoside ZOG

H H Dihydrozeatin DZ

H G Dihydrozeatin-O-glucoside DZOG

H – N6-Isopentenyladenine iP

H – N6-Benzylaminopurine BA

R – meta-Topolin riboside mTR

H: hydrogen; R:�-d-ribofuranosyl; G:�-d-glucopyranosyl.

immunosorbent assays (ELISA), radioimmunoassay (RIA)
[21,22], or chromatography such as high-performance liquid
chromatography (HPLC), gas chromatography–mass spec-
trometry (GC–MS)[23–27], CE generally offers shorter anal-
ysis time and potentially lower costs as the buffer salts and
solvents required cost much less than the radioactive or heavy
isotope-labelled internal standards.

Cytokinins are present in plants in very low concentrations
(usually at levels below 30 pmol g−1 of fresh weight[28]).
They often occur together with the other structurally similar
substances, and are therefore below the detection limits in CE.
To overcome this limitation, some pre-concentration and pu-
rification approaches have been developed for cytokinin anal-
yses, including large-volume stacking[20], liquid–liquid sol-
vent extraction[26,27,29], and solid-phase extraction (SPE)
[30]. In SPE method, a high extraction recovery can usu-
ally be obtained for many compounds with a suitable sorbent
and operating procedure. Fast and efficient separation of cy-
tokinins can also be achieved by using mixed-mode SPE[30].
In [30], the quantification of cytokinins after SPE was via ei-
ther HPLC–ELISA (or RIA) or HPLC–MS.

Coconut water, which contains a large spectrum of bio-
chemicals that can act as growth factors individually or syner-
gistically[31], is commonly used at 2–15% (v/v) as a medium
for plant tissue culture[3–5,32]. A number of attempts to
i rted.
O quid
e inin-

like activity [33]. Later two adenine-type cytokinins—zeatin-
riboside (ZR)[34,35] and zeatin (Z)[35] were shown to be
present in this endosperm. A new cytokinin, determined to
be ZR with a large sugar conjugate at the hydroxyl group on
the side chain, was reported to be present in coconut water
in 1995[36,37]. In this paper, we first demonstrate the sepa-
ration of cytokinin standards by micellar electrokinetic cap-
illary chromatography (MECC). Following which, we used
the method to screen for putative cytokinins in coconut water
by MECC. The presence of the two cytokinins in coconut
water, namely zeatin-O-glucoside (ZOG) and dihydrozeatin-
O-glucoside (DZOG), was further confirmed by independent
HPLC and LC–MS experiments.

2. Experimental

2.1. Reagents and materials

The cytokinin standards:trans-zeatin (Z), dihydrozeatin
(DZ), trans-zeatin-O-glucoside (ZOG), dihydrozeatin-O-
glucoside (DZOG),m-topolin riboside (mTR), isopentenyl-
adenine (iP) and benzylaminopurine (BA) were either
obtained from OlChemIm, Czech Republic or from Prof. Stu-
art Letham at the Australian National University (Table 1).
A :50,
v ps-
b H
dentify the ingredients in coconut water have been repo
ne component isolated from 700 gallons of coconut li
ndosperm was 1,3-diphenylurea, which shows cytok
ll the standards were dissolved in ethanol–water (50
/v). Methanol (HPLC grade) was from J.T. Baker (Philli
urg, NJ, USA); triethylamine (HPLC grade) was from BD
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(England, UK). All other chemicals were analytical reagent
grade. Boric acid, disodium hydrogenphosphate and ethanol
were purchased from Merck (Darmstadt, Germany); sodium
dodecyl sulfate (SDS) and sodium hydroxide were purchased
from Fluka (Steinheim, Switzerland); acetic acid and formic
acid were purchased from Fisher Scientific (Hanover Park,
IL, USA); ammonia solution (28%) was purchased from APS
Finechem (NSW, Australia). Purified water (MilliQ, Waters,
Milford, MA, USA) was used throughout the study. The pH of
the buffer solutions was adjusted by adding sodium hydrox-
ide solution and was monitored using a pH meter (Corning
440, Corning Glass Works, NY, USA).

2.2. Apparatus and related procedures

The separation of cytokinins was carried out using a cap-
illary electrophoresis system (P/ACE MDQ; Beckman Coul-
ter, CA, USA) equipped with a photodiode array detection
(DAD) system. Instrumentation, system control and data
analyses were carried out using a PC with the accompanying
software (P/ACE System MDQ Software, version 2.3). The
electrophoretic separations were carried out in an uncoated
fused-silica capillary (76�m i.d. × 363�m o.d.; Polymi-
cro Technologies, Phoenix, AZ, USA) using a suitable run-
ning buffer. The optimum MECC running buffer consisted of
1 t pH
1 ction
w th of
4 plied
v d by
v si =
6 an-
d ere
fi er
b of
e with
s ffer.
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i pt the
t dard
c

695
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S ns),
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U
c nge
o s
m
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w 95:5,

v/v). The absorbance of the column eluent was monitored at
269 nm with the programmable DAD system.

A LC–MS system (Model 1100 Series, Agilent Technolo-
gies, Palo Alto, CA, USA) coupled with an electrospray ion-
ization (ESI) interface was used in the scan mode for stan-
dards and selected ion monitoring (SIM) atm/z 381, 383,
384 and 385 for real samples. [M + H]+ and [M + 2]+ were
selected as the SIM ion for quantification. Conditions for
the MS were as follows: ESI temperature was 380◦C; detec-
tor voltage was 1.5 kV; nebulizing gas (nitrogen) flow was
4.5 L min−1. The data were processed by the accompany-
ing system software (LC/MSD Chemstation). The chromato-
graphic separation conditions were the same as described
earlier for the HPLC.

2.3. Cytokinins isolation and sample pretreatment
involving SPE procedure

Coconut water was obtained from fresh coconut fruits
(Emanate Agricultural Industries, Selangor, Malaysia) pur-
chased from a supermarket. It is noteworthy that coconut
water contains other substances including sugars[38].

The pH of coconut water was adjusted to 3 by adding acetic
acid and filtered through filter paper (Whatman, 12.5 cm,
No. 542) to remove suspended matters. Then, 100 mL fil-
t r,
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0 mM phosphate, 10 mM boric acid and 50 mM SDS a
0.4, unless stated otherwise. The wavelength for dete
as set at 254 nm. The capillary had an effective leng
7 cm (total length: 57 cm) and was operated at an ap
oltage of 15 kV. Sample introduction was accomplishe
acuum injection for 5 s under a pressure of 0.5 psi (p
894.76 Pa). Typically a mixture of seven cytokinin st
ards was injected into the CE capillary. All samples w
ltered through a 0.45-�m Whatman glass microfiber filt
efore injecting into the CE instrument. At the beginning
ach working day, the capillary was rinsed sequentially
odium hydroxide (0.1 M), water and the separation bu
ach rinsing step was about 5 min and between each sa

njection, the above rinsing procedure was adopted exce
ime taken for each rinsing step was 3 min. These stan
onditions were used for all experiments.

HPLC experiments were carried out using a Waters 2
eparations Module (Waters) linked simultaneously
AD system (PDA 2996 detector, Waters). Data were
essed by the accompanying system software (Millenniu32

oftware, Data Handling System for Windows, version 4
amples were dissolved in mobile phase (initial conditio
ltered through a 0.45-�m Whatman glass microfiber fi
er and injected into a C18 column (Platinum 100̊A, 5 �m,
50 mm length, 4.6 mm diameter, Alltech, Deerfield,
SA). The column thermostat was set at 25◦C. Solvent A
onsisted of 40 mM acetic acid, pH adjusted to the ra
f 3.78–3.80 with triethylamine[39] and solvent B wa
ethanol. The flow-rate was 1 mL min−1 throughout the
hole separation. Prior to each analysis the column
ashed with mobile phase (methanol–acetic acid buffer,
rate were transferred to C18 SPE columns (J.T. Bake
hillipsburg, NJ, USA; 500 mg, 3 mL), which had be
reviously washed sequentially with methanol–acetic
100:1, v/v), methanol–water–acetic acid (50:50:1, v/v
ethanol–water–acetic acid (30:70:1, v/v/v), and then fin
ith water[39]. After washing the column with 4 mL wat
djusted to pH 3 with acetic acid, the putative cytokinins w
luted with 6 mL ethanol–water–acetic acid (80:20:1, v/
nd then the eluate was evaporated at room temperatu
er vacuum and finally dissolved in 0.5 mL water–etha
50:50, v/v) for MECC analysis. Alternatively the eluate c
ected from six C18 SPE columns was combined, evapora
nd further purified using the mixed-mode SPE columns
is MCX, Waters 3 mL)[30].

The procedure for further purification of cytokinins c
ected from the eluate of C18 SPE columns is shown inFig. 1.
he pre-conditioning of the mixed mode SPE columns wa

ollows: washing with 3 mL of methanol followed by 3 m
ormic acid (1 M). The extracts from the C18 SPE column
ere re-dissolved in 3 mL formic acid (1 M) and applied

he mixed mode SPE column. The mixed mode SPE
mn was then washed and eluted with the order of solu
s shown inFig. 1. The interaction of cytokinins with C18
nd MCX columns has been discussed in this work[30].
he majority of cytokinin bases, ribosides and glucos
ere eluted in the second eluate. Cytokinin nucleotide
resent in eluate one of the mixed mode columns, have
ept and these will be further analyzed in a later st
he eluate was dried in vacuum at room temperature
issolved in 0.5 mL water–ethanol (50:50, v/v) for furt
nalyses.
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Fig. 1. Schematic diagram illustrating the pre-concentration and purification procedures for the putative cytokinins in coconut water using two types of
solid-phase extraction columns[30].

3. Results and discussion

3.1. Development of MECC separation

The chemical composition and concentration of running
buffer could have significant effects on MECC separation.
During the initial phase of the investigation, no satisfactory
resolution could be achieved for all standards of cytokinins
when pure 20 mM phosphate or boric acid buffer contain-
ing 50 mM SDS at pH 10.4 was employed as running buffer
for the separation. Pure borate buffer containing 50 mM SDS
gave a better resolution for Z, DZ and mTR compared to
pure phosphate buffer containing 50 mM SDS; however, pure
phosphate buffer containing 50 mM SDS provided better res-
olution for the following pairs of peaks: BA and iP, and DZOG
and Z.Fig. 2 shows the well-resolved electropherogram for
the seven cytokinins in a mixture of 10 mM phosphate and
10 mM borate buffer (pH 10.4) containing 50 mM SDS.

The selectivity in CE separation is greatly affected by pH
of buffer solutions. In MECC, the pH of the buffer solution
affects the mobility, solubility and the partitioning of analytes
into the micellar phase in the separation model. Typically,

increasing buffer pH leads to the shortening of separation
time due to the enhancement of EOF (Fig. 3). At pH 10, the
following pairs of peaks: Z and DZOG, BA and iP cannot
be resolved. At pH 11, the peaks for Z and DZ cannot be

Fig. 2. Electropherogram of cytokinin standards using a combination of
10 mM phosphate and 10 mM borate buffer (pH 10.4) containing 50 mM
SDS. CE conditions: fused-silica capillary, 75�m i.d., 57 cm length; sepa-
ration voltage, 15 kV; pressure injection, 5 s (at 0.5 psi). Peak identity: (1)
ZOG; (2) DZOG; (3) Z; (4) DZ; (5) mTR; (6) BA; (7) iP.
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Fig. 3. Separation of cytokinin standards in buffers with different pH. Buffer
solution contained a combination of 10 mM phosphate, 10 mM borate buffer
and 50 mM SDS. Other experimental conditions were as described inFig. 2.

resolved. The best resolution was obtained later when a pH
of 10.4 (10 mM borate and 10 mM phosphate in the presence
of 50 mM SDS) was used (Fig. 3). Cytokinin bases have a
basic pKa of ca. 4 and acidic pKa of ca. 10.[40] Thus, under
the present optimum experimental conditions at pH 10.4, the
predominant form of cytokinins is the anionic species.

In MECC, separation can be achieved based on the dif-
ferences in the distribution of the solutes between the hy-
drophobic and the charged micellar phase[41]. Typically,
the migration time for all the cytokinins increase with in-
creasing SDS concentration, in a mixture of 10 mM phos-
phate and 10 mM borate buffer of pH 10.4. The migration
order of the cytokinins changed slightly when the concen-
tration of SDS was changed from 10 to 100 mM. Couples
of ZOG–DZOG, BA–iP and Z–DZ tend to co-migrate at
lower SDS concentration. The unresolved pairs were later
separated when the concentration of SDS was increased to
50 mM and beyond. Therefore, the best resolution was ob-
tained when SDS concentration was set at 50 mM in a buffer
solution containing 10 mM phosphate and 10 mM borate
(pH 10.4).

In addition to the running buffer conditions, the effect of
separation voltage on the resolution was examined over the
range of 10–30 kV in a buffer solution consisting of 10 mM
phosphate and 10 mM borate with 50 mM SDS (pH 10.4).
G lted
i in the
r ation

T
R pillary

C ration c

Z 71
D 5.2
Z .81
D .6
m .3
B 8.9
i 7.1

te (M) an

voltage was set at 15 kV to achieve a good resolution and an
analysis time of less than 15 min.

From the above optimization, a combination of 10 mM
phosphate and 10 mM borate buffer (pH 10.4) containing
50 mM SDS as well as a separation voltage of 15 kV was
chosen as the optimum separation conditions to resolve (with
some compromise) the seven cytokinins for investigation.
Under these optimum MECC conditions, the separation of
the seven cytokinins was achieved within 11 min. If rinsing
time was included in a MECC experiment, the time needed
for the separation of these cytokinins was about half an hour.

The reproducibility of the migration time of the cytokinins
under optimum MECC conditions was investigated by do-
ing repeated injections (n = 6) of a mixture of the cytokinin
standards at a concentration of 50�M. The relative standard
deviations (R.S.D.) for all the cytokinins were in the range
of 0.7–1.2% (Table 2). The high reproducibility in migration
time indicated that this method was probably reliable for an-
alyzing cytokinins in plant samples. A linear correlation was
found between the concentration and the peak area ratios for
all cytokinins in the following range:Z, 25–200�M; DZ,
20–200�M; ZOG, 25–200�M; DZOG, 30–200�M; mTR,
12.5–200�M; BA, 20–200�M; iP, 25–200�M; typically r
values were in the range of 0.991–0.999. Three independent
injections were carried out for every calibration point. Since
a for
m et at
2 , the
l ere
e
d are
s

3
u

on-
d nins
i o-
g
s d us-
i um
M rate
enerally, an increase of EOF at high applied field resu
n a shorter analysis time but also caused a decrease
esolution for the separation of cytokinins. Thus, a separ

able 2
esponse characteristics of cytokinins using micellar electrokinetic ca

ytokinin Migration time (min) Equation of calib

Mean R.S.D. (%)

OG 6.4 0.7 y = 146.33x + 889.
ZOG 6.7 0.7 y = 255.62x− 289

7.4 0.9 y = 221.67x− 303
Z 7.6 0.7 y = 257.58x + 1719
TR 7.9 1.2 y = 307.39x + 1824
A 9.8 1.1 y = 431.00x− 184

P 10.2 0.9 y = 454.28x− 688
a In the calibration equations,x represents concentration of the analy�
chromatography under optimized conditions

urvea R2 Linear range (�M) Detection limit (�M)

0.992 25–200 2.2
0.994 30–200 14.0
0.997 25–200 4.9
0.999 20–200 9.8
0.991 12.5–200 3.5
0.996 20–200 7.0
0.994 25–200 18.0

dy represents the peak area (�Au s).

ll seven cytokinins have slightly different UV spectra
aximum absorption, a compromise wavelength was s
54 nm in this work. Based on the signal/noise ratio = 3

imits of detection under optimum MECC conditions w
stimated to be in the range of 2–18�M. The quantitative
ata obtained from the analysis of cytokinins by MECC
ummarized inTable 2.

.2. Analyses of putative cytokinins in coconut water
sing MECC

We used the MECC (operating under the optimum c
itions described earlier) to screen for putative cytoki

n coconut water.Fig. 4A shows the MECC electropher
rams of extracts purified using C18 SPE column, andFig. 4B
hows the MECC electropherograms of extracts purifie
ng both C18 and mixed mode SPE columns. Under optim

ECC conditions of 10 mM phosphate and 10 mM bo
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Fig. 4. Electropherograms of putative cytokinins in coconut water using
MECC under optimized conditions. (A) Extracts purified using C18 SPE
columns only. (B) Extracts purified using both C18 SPE and MCX SPE
columns. Buffer solution contained a combination of 10 mM phosphate and
10 mM borate buffer (pH 10.4) with 50 mM SDS (pH 10.4). Other experi-
mental conditions were as described in Fig. 2.

buffer of pH 10.4 containing 50 mM SDS, the presence of
ZOG and DZOG in the purified coconut water extracts was
successfully screened based on their migration times as well
as by using standard addition method. The estimated con-
centrations of ZOG and DZOG in the coconut water were
97.9 pmol mL−1 (R.S.D. = 1.4%,n= 3) and 71.9 pmol mL−1

(R.S.D. = 2.2%,n = 3), respectively, disregarding the loss
during the purification steps. Thus, the absolute levels of
theseO-glucosides in coconut water will certainly be higher
if we had used3H-labelled cytokinins as recovery mark-
ers. The further identification and quantification of the other
cytokinins (cytokinin nucleotides, bases and ribosides) in
coconut water is now under further investigation, such as
the possible occurrence of cytokinin nucleotides in eluate
one.

Our data indicating the presence of cytokininO-glucosides
in coconut water will definitely be useful to researchers us-
ing coconut water as a growth supplement in tissue culture
medium. So far, the application of CE for the identification of
cytokinins in plant samples have been reported by Pacákov́a
et al. [19], whereas Liu et al.[20], have reported on the CE
detection of abscisic acid in tobacco flowers. However, no

attempts were made to estimate the levels of cytokinins in
these two CE approaches.

3.3. HPLC experiments

The identities of the putative ZOG and DZOG in the co-
conut water were further evaluated using HPLC. Both iso-
cratic elution and gradient elution were tested to find the opti-
mum separation conditions for the two putativeO-glucosides.
With respect to separation efficiency and shorter run time,
the gradient elution approach was eventually used as the
preferred method (the column was eluted isocratically with
methanol–acetic acid buffer (5:95, v/v) for 3 min, then a
linear gradient to methanol–acetic acid buffer (25:75, v/v)
in 30 min, and finally isocratically at methanol–acetic acid
buffer (25:75, v/v) for 17 min). In gradient elution, different
compounds are eluted by increasing the strength of the or-
ganic solvent. The sample was injected while a weaker mobile
phase was being applied to the system. The strength of the

Fig. 5. UV profiles of standard cytokininO-glucosides and putative cy-
tokinin O-glucosides in purified coconut water extracts using HPLC. (A)
UV profile of ZOG and DZOG standards at 269 nm. (B) UV profile of pu-
tative ZOG and DZOG in purified coconut water extracts at 269 nm.Note:
Injection volume was 10�L for cytokinin standards and 30�L for the pu-
rified coconut water extracts. Coconut water extracts were purified earlier
using both C18 SPE and MCX SPE columns. HPLC running conditions: the
column was eluted isocratically with methanol–acetic acid buffer (5:95, v/v)
for 3 min, then a linear gradient to methanol–acetic acid buffer (25:75, v/v)
in 30 min, and finally isocratically at methanol–acetic acid buffer (25:75,
v/v) for 17 min. Peak identities: (1) ZOG; (2) DZOG.
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Fig. 6. LC–ESI-MS electrospray spectra of standard cytokininO-glucosides and putative cytokininO-glucosides in purified coconut water extracts in SIM
mode. (A1) Electrospray spectrum of ZOG standard. (B1) Electrospray spectrum of DZOG standard. (A2) Electrospray spectrum of putative ZOG in purified
coconut water extracts. (B2) Electrospray spectrum of putative DZOG in purified coconut water extracts.Note: LC–ESI-MS electrospray was carried out in
positive ion and scan mode betweenm/z50 and 450 per second. Coconut water extracts were purified earlier using both C18 SPE and MCX SPE columns. LC
conditions were as described inFig. 5.

mobile phase was later increased in increments by raising the
organic solvent fraction, which subsequently resulted in elu-
tion of the retained components. This was done in a stepwise
or linear fashion. Gradient elution achieved the following
improvements over isocratic elution: better resolution, and
equal bandwidths (Fig. 5) [42]. Fig. 5A shows the represen-
tative HPLC chromatograms of a mixture of ZOG and DZOG
standards at 269 nm wavelength. The retention times of ZOG
and DZOG were 30.1 min (R.S.D. = 0.7%,n = 3) and 34.3
(R.S.D. = 0.5%,n= 3), respectively. On the basis of retention
time as well as the results obtained from using the standard
addition method (data not shown), the presence of ZOG and
DZOG in the coconut water was highly probable (Fig. 5B).
Despite the many efforts taken to shorten the time taken for
HPLC separation, the total run time typically exceeded an
hour due to the need for column washing (methanol–acetic
acid buffer (95:5, v/v) for 5 min) and column equilibration
(15 min).

3.4. LC–ESI-MS measurements

The aim of this MS investigation was to confirm the iden-
tity of the two putative cytokinin O-glucosides found in co-
conut water. For the interface, ESI mode was selected on the
basis that it was suitable for ionizing polar and non-polar
c ces
s pro-

tonated molecular ions [M + H]+. Information on the molec-
ular weight of these compounds can be easily obtained[43].
The electrospray spectra of ZOG and DZOG are shown in
Fig. 6A1 and B1. For the purified coconut water extracts,
ZOG was eluted at 30.8 min and was accompanied by am/z
of 382.0 as the [M + H]+ ion and am/zof 383.0 as the [M +
2]+ ion; DZOG was eluted at 34.1 min and was accompanied
by am/zof 384.0 as the [M + H]+ ion and am/zof 385.0 as
the [M + 2]+ ion (Fig. 6A2 and B2). The LC retention times
and the electrospray spectra of these two putative compounds
in the purified samples, matched those observed in the ear-
lier HPLC results and the electrospray spectra of authentic
standards, respectively.

4. Conclusions

This work demonstrated that MECC is one possible
method for screening for some putative cytokinins in coconut
water after appropriate sample pre-concentration and purifi-
cation. C18 SPE columns have been successfully used as a
pre-concentration tool while further sample purification was
carried out using mixed mode SPE columns. A buffer solution
with 10 mM phosphate and 10 mM borate buffer (pH 10.4)
containing 50 mM SDS, provided favourable conditions to
s good
r tions
ompounds. ESI is a mild ionization method that produ
ome related molecular ions and these ions are typically
eparate the seven cytokinins. The method displayed
eproducibility and was linear over standard concentra
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of 30–200�M. One major advantage of the present CE tech-
nique is that the separation was completed within a shorter
time when compared to the HPLC approach[39]. Z and DZ
were resolved easily under the present conditions. The iden-
tity of the two major cytokininO-glucosides detected in co-
conut water was further confirmed by independent HPLC and
LC–MS experiments. For future work, it will be interesting to
couple the CE approach to MS for the analyses of cytokinins
in biological samples.
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