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A high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method for
simultaneous determination of five acid/alkaline phytohormones, i.e., indole-3-acetic acid (IAA), indole-
3-butyric acid (IBA), naphthylacetic acid (NAA), gibberellic acid (GAs) and isopentenyladenine (2IP),
in grapes was developed. After optimization, the samples were extracted with methanol containing
1% formic acid and purified by Oasis HLB SPE cartridges. The analytes were separated on a Thermo
Hypersil Gold column (100 mm x 2.1 mm, 3.0 wm) with water and acetonitrile, then determined with
Thermo tandem quadrupole mass spectrometer operating in negative electro-spray ionization using
selected reaction monitoring (SRM) mode. The established method was further validated by determin-
ing the linearity (R? > 0.9990), average recovery (82.5-105.4%), sensitivity (0.05-1.00 ng mL~'), precision
(RSD < 13.0%) and stability (RSD > 82.0%). Finally, the application of the approach proposed to thirty grape
samples convinced its desirable performance for rapid analysis of multiclass phytohormones, supporting
its sufficient capability for multiresidue analyses or other analytical system targeting phytohormones in
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agriculture field.
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1. Introduction

Phytohormones are structurally diverse compounds that play
an important role in a variety of processes related to plant growth
and development including cell division, enlargement and differ-
entiation, organ formation, seed dormancy and germination, leaf
and organ senescence and abscission. Phytohormones are usu-
ally grouped into four major classes of auxines, gibberellines,
cytokinines and inhibitors [1]. Typically, indole-3-acetic acid (IAA),
indole-3-butyric acid (IBA) and naphthylacetic acid (NAA) are
chief representatives of auxines, while gibberellic acid (GA3) and
isopentenyladenine (2IP) represent the groups of gibberellins and
cytokinines, respectively [2]. In most cases, multiclass phyto-
hormones existed in plants either by endogenous secretion or
exogenous treatment to achieve various enhanced agricultural
characteristics during some critical growth stages. However, abus-
ing of the phytohormones as regulators would cause either no
significant effects or adverse effects on the target plants [3,4], not
calling attention to the effects of these compounds on public health.
Thus development and validation of a simple and sensitive method
is substantially crucial for the application stage and optimum
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concentration of the used phytohormones. Moreover, monitoring
the phytohormones residues is also controversially related to food
safety issues [3]. Regarding the potential risks, the European Union
(EU) has set up a maximum residue limit (MRL) of 5mgkg~! for
GAj3 in grapes [5], which signifies the requirements of the sensi-
tive and accurate quantification methods for routine analyses of
phytohormones residues in a number of food matrices.

The increasing need for multiple analysis targeting multiclass
phytohormones has promoted related research on the meth-
ods with the employment of adequate extraction and clean-up
procedures. Unfortunately, the development of such a sample pre-
treatment method is impeded by the chemical diversity of the
analytes. For example, IAA, IBA, NAA and GAs are acidic while
2IP is basic [2], as a consequence, it required that the extrac-
tion and purification procedures must be highly efficient and can
accommodate the wide range of chemical properties consisting
of different target compounds. In previous studies, several sam-
ple pretreatment methods have been developed. These methods
generally involved liquid extraction with different acid or alkaline
solvents and further purifications via solid phase extraction (SPE)
with a wide variety of sorbents, i.e., reversed-phase, immunoaffin-
ity or polymeric materials [6-9]. However, most of SPE cartridges
mainly targeted several compounds with similar chemical prop-
erties for multiresidue analysis [10,11]. And the phytohormones
were extracted for more than 12 h under low temperature to keep
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the stability of the compounds [1,2]. Therefore, development and
validation of a fast and generic sample pretreatment for different
classes of phytohormones is still in urgent need for practical uses.

It is also difficult to provide accurate quantification of multi-
class phytohormones in a given plant in a single analysis owing
to their presence in trace amounts and the complicated back-
ground of a wide range of more abundant primary and secondary
metabolites. Several analytical methods based on capillary elec-
trophoresis (CE) [11-13], gas chromatography (GC) [14,15] and
high performance liquid chromatography (HPLC) [16,17] have been
well established. In general, CE offers attractive features for the
analysis of phytohormones as only minute amounts of samples
are needed and the analysis time can be relatively short, but the
potential reproducibility problem might occur. Whereas GC with
electron capture detector or mass spectrometry (MS) detection is
limited to the analysis of phytohormones due to the critical and
time-consuming derivatization steps prior to analysis. Practically,
the most frequently used method for phytohormones analysis is
liquid chromatography combined with different detectors since it
combines high resolution with increasing sophisticated automa-
tion. However, HPLC analysis might suffer from interfering of the
target HPLC-UV signals by matrix co-extractives, which render the
separation time longer or the sample clean-up procedure more
complex [1,18].

In recent years, the availability of ionization sources, i.e., atmo-
spheric pressure chemical ionization (APCI) and electro-spray
ionization (ESI), has significantly improved the possibilities of
employing HPLC/MS in the multiclass phytohormones analysis,
owing to simple sample preparation, high sensitivity and the com-
patibility with almost the whole range of compound polarities
[3,19-23]. No other techniques in the area of instrumental analysis
has developed so rapidly as HPLC-MS/MS during the past 10 years
[24,25] though the reliability of quantitative assays may not be
absolute on some minor occasions. The molecules originating from
the sample matrix that co-elute with the compounds of interest
can interfere with the ionization process in the mass spectrom-
eter, causing ionization suppression/enhancement, which might
adversely affect the quantification results. Hitherto, there is no
uniform HPLC-MS/MS method validated for simultaneous deter-
mination of IAA, IBA, NAA, GAsz and 2IP in agricultural products.

The objectives of the work are well defined: (i) to simplify and
validate the procedures of extraction and purification of multi-
class phytohormones in grapes; (ii) to establish a fast and accurate
HPLC-MS/MS method in order to determine five phytohormones;
(iii) to test the method and to investigate the actual situations of
phytohormone residues in grapes.

2. Experiments
2.1. Chemicals

The standards including IAA, IBA, NAA, GAs and 2IP were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). The chemical
structures of the five phytohormones are shown in Fig. 1. Ace-
tonitrile and methanol of HPLC grade were obtained from Merck
(Darmstadt, Germany). Other chemicals and solvents were of HPLC
or analytical grade. Deionized water was purified using a Milli-Q
Gradient A 10 System (Millipore, Billerica, MA, USA).

MCX SPE cartridges (61 mg, 3 cm3) and Oasis HLB SPE cartridges
(60mg, 3 cm?3) were purchased from Waters (Milford, MA, USA).
PCX SPE cartridges (60 mg, 3cm?3), Diol SPE cartridges (500 mg,
3cm3), ODS-C18 SPE cartridges (200 mg, 3cm?3), PEP SPE car-
tridges (30mg, 1cm3), PSA SPE cartridges (500 mg, 3 cm3) and
SAX SPE cartridges (500mg, 6 cm3) were obtained from Bonna-
Agela Technologies Inc. (Wilmington, DE, USA). All the involved SPE

cartridages should be pre-conditioned with methanol and water
before loading.

2.2. Apparatus

The filtrate was analyzed by direct injection into an
HPLC-MS/MS (TSQ QUANTUM ULTRA, Thermo Scientific, USA)
using selected reaction monitoring (SRM) mode. Separation was
performed on a Thermo Hypersil Gold column (100 mm x 2.1 mm,
3.0 wm) at 35°C, with a mobile phase flow rate of 0.3 mLmin~!.
The mobile phase consisted of: (A) water and (B) acetonitrile. A lin-
ear gradient elution program was applied as follows: initial 60% B,
4 min 60% B, 6 min 80% B, 6.5 min 95% B, 7 min 95% B, 7.2 min 60%
B and hold on for a further 2.8 min for re-equilibration, giving a
total run time of 10 min. The injection volume was 5.0 L (full loop).
The following settings were used for MS/MS conditions: spray volt-
age, 3.5kV; vaporizer temperature, 300°C; sheath gas pressure,
30 psi; aux valve flow, 30arb; and capillary temperature, 350°C.
Data acquisition and processing were performed using Xcalibur
software (Thermo Scientific, USA).

2.3. Preparation of standard solutions

Accurately weighed solid portions of IAA, IBA, NAA, GA3 and
2IP were dissolved in methanol to prepare 0.1 mgmL-! of stock
solutions. A mixed stock solution containing 10 ugmL~! of IAA,
NAA, 2IP, GA3 and 5 pg mL~! of IBA was prepared in methanol. All
solutions were stored under darkness at —20°C and the working
solutions were prepared from these stock solutions and were seri-
ally diluted with the combined solution of methanol/water (50/50,
v/v) immediately before use.

2.4. Samples

A total of thirty grape samples were randomly collected from
local markets. The related information about the geographic ori-
gin of samples was required and registered as follows: samples
1-5 were collected from Xinjiang province; samples 6 and 7 were
from Shandong province; sample 8 from Shanxi province; sample 9
from Hebei province; samples 10-13 from Zhejiang province; sam-
ple 14 from Liaoning province; the other samples were all from
Shanghai. All samples were cut into pieces, and then homogenized
with IKA T25 high speed homogenizer (Ika-Werke Gmbh, Staufen,
Germany). The homogenate was preserved at —20 °C until analysis.

2.5. Sample pretreatment

The homogenized grape samples (2.0 g) were further homoge-
nized for 2 min with methanol containing 1% formic acid (20 mL),
then ultrasonic for 30 min. The mixture was centrifuged (3000 x g,
15°C) for 10 min with Beckman Coulter Allegra 64R centrifuge
(Brea, CA, USA). The supernatant was diluted with 180 mL of water
to obtain the mixed solution with 10% of methanol. The solution
was passed through the reconditioned Oasis HLB SPE cartridges at
a rate of about 1-2drops/s, and then 5mL of water was passed
through the cartridges at a rate of about 1-2 drops/s. All targets
were eluted with 6 mL of methanol containing 1% formic acid at a
rate of about 1-2drops/s, and the elute was evaporated to dry-
ness under a stream of nitrogen gas at 40°C. The residue was
re-dissolved by 1 mL combined solution of methanol/water (50/50,
v/v) passed through a 0.22 wm filter and ready for injection.

2.6. Evaluation of matrix effects

The stock solutions were diluted with the blank matrix prepared
with the analyte-free grape through the whole sample preparation
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Fig. 1. Chemical structures of IAA, IBA, NAA, GA3 and 2IP as representative acid/alkaline phytohormones.

and the combined solution of methanol/water (50/50, v/v) to yield
a serial of analyte concentrations (5, 10, 25, 50, 100, 250, 500,
1000 ng mL~1), respectively. The slope of the standard addition
plot was compared with the slope of standard calibration plot to
calculate the signal suppression/enhancement (SSE), which could
be commonly used to estimate the matrix effects [26].

3. Results and discussion
3.1. Optimization of sample pretreatment

3.1.1. Selection of extraction method

In the present study, a variety of extraction solvents and their
mixtures were tested: (1) methanol-water-formic acid (80/19/1,
v/v[v), (2) acetonitrile-water-formic acid (80/19/1, v/v/v), (3)
methanol-formic acid (99/1, v/v), (4) acetonitrile-formic acid
(99/1, v/v). Twelve portions of the blank sample were spiked with
the intermediate levels of each standard solution (50 ugkg=!)
while three additional portions were selected as the controls. The
samples were macerated with 20 mL of the candidate solutions and
pretreated as described in Section 2.5. The results are shown in
Table 2. Satisfactory recoveries were obtained ranging from 88.9%
to 114.3% when solvent 3 was selected.

After comparison of the previously described method [2] and
the currently established one, it could be obviously seen that the
recoveries of IAA, NAA, GA3 and 2IP were almost the same for
both methods (Table 2), while the recovery of IBA extracted by
the former was lower than that by the latter (75.9% vs. 88.9%).
Since the present extraction method only cost no more than 1 hand
its extraction efficiencies were almost the same or even higher on

Table 1
The MS/MS parameters for the five phytohormones.

some cases, it could be an appropriate approach for the subsequent
phytohormones extraction.

3.1.2. Optimization of purification method

In order to remove the interferences and minimize the matrix
effects, eight commercially available SPE cartridges were thor-
oughly compared with their purification efficiencies. Firstly, we
evaluated the recovery performance of all candidates by pass-
ing mixed standard solutions through the cartridges. The mixed
solution (10 pg mL~1) was diluted with the water to yield a con-
centration of 50ngmL~'. After purification by the candidate SPE
cartridges, the solutions were determined by HPLC-MS/MS. The
results showed that the recoveries of most phytohormones were
substantially improved on HLB cartridges which were thus selected
for further optimization, despite that the recovery of GA3 as excep-
tionwas only 16.9% (Fig. 3). Therefore, HLB cartridges were selected,
since HLB cartridges could reduce the color intensity of the extracts,
result in better peak shapes, and reduce the noise level [3].

After careful investigation of each procedure, i.e., loading, wash-
ing and eluting, the results showed that HLB cartridges could not
adsorb GAs in the methanol-water solution. When 1% of formic
acid was added into the loading solution, the recovery of GA3 was
remarkably improved (>90.6%). It might be due to the case that
adding some acid into loading solution could lead to the existence of
molecular state of GAs, as a consequence, it could be adsorbed in the
reversed HLB cartridges more firmly. Then 20 mL of the spiked sam-
ple solutions (50ngmL~1) were purified with the HLB cartridges.
In order to achieve the satisfactory recoveries (>80%), the sample
solution was diluted with water to obtain the final loading solution
with 10% of methanol. As a result, a standard purification procedure
described as Section 2.5 was established.

Phytohormones Precusor ion (m/z) Primary product ion (m/z)

Collision energy (eV)

Secondary product ion (m/z) Collision energy (eV)

1AA 173.9 130.0
IBA 201.8 158.0
NAA 185.0 141.0
GA3 345.0 239.0
2IP 201.9 134.0

14
17
14
18
19

116.0 18
221.0 25
66.0 50
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Fig. 2. Comparison of separation and ionization efficiencies of the five phytohormones among four candidate mobile phases.
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Table 2

Comparison of the absolute extraction recoveries of the four candidate extraction solvents (n=3).
Solvents 1AA IBA NAA GA3 2IP

X +SD X +SD X +SD X +SD X +SD

Methanol-water-formic acid (80/19/1, v/v/v) 1039 £ 7.6 62.1 £5.6 69.7 £ 6.2 764 £58 30.8 £ 2.6
Acetonitrile ~-water—formic acid (80/19/1, v/v/v) 120.5 + 8.9 46.1 £ 3.6 993 +£7.2 76.3 £ 6.2 20.6 + 2.1
Methanol-formic acid (99/1, v/v) 1143 £ 9.0 889 +6.2 92.7 £ 82 112.8 £ 10.2 105.3 +£ 8.3
Acetonitrile-formic acid (99/1, v/v) 99.0 + 7.0 653 +£ 5.1 96.1 £ 7.6 1193 £ 35 599 + 4.1

3.2. Optimization of HPLC-MS/MS conditions

3.2.1. Optimization of the mobile phase composition

The composition of the mobile phase was concerned for the
ionization efficiency which is correlated to high sensitivity of anal-
ysis. In the present study, water, water containing 10 mmol L~!
ammonium acetate, water containing 0.2% formic acid and water
containing 0.2% aqueous ammonia were compared. Results of
various injections indicated that the responses of the five phytohor-
mones were greatly improved and higher sensitivity was obtained
when water or water containing 0.2% aqueous ammonia was used
(Fig. 2). Alternatively, water was selected as it constituted a more
stable, economic and ecological procedure. Under such situation,
desirable peak shape and satisfactory separation efficiency were
also achieved.

3.2.2. MS/MS parameters

The MS/MS conditions were optimized for each phytohormone
by direct injection of each standard solution (500 ng mL~1). Identi-
fication of precursor ions was performed in the full scan mode by
recording from 100 to 500 (m/z) in both ESI* and ESI~ mode. The
results showed that the responses of [M—H]~ ions generated from
IAA, IBA, NAA and GA3 under the ESI™ mode were obviously higher
than their [M+H]" ions generated under ESI* mode. 2IP could gen-
erate ions with high responses under either ESI~ or ESI* mode. In
order to simplify the analysis, the [M—H]~ ion generated from 2IP
under ESI~ mode was selected for compromise of the other com-
pounds. Based on the confirmation of precursor ions, two product
ions for each precursor ion were intended to be selected according
to the highest sensitivity and optimal selectivity for the target com-
pounds. However, on the nature, only one product ion was selected
for IAA and NAA due to their stable parent nucleus. Collision ener-
gies were chosen to give the maximum intensity of the fragment
ions. The final MS/MS parameters for the five phytohormones are
shown in Table 1. Finally, the selected reaction monitoring (SRM)
mode was developed for quantification. The transition with the
highest signal intensity was preferred for quantitation, while the
other one with less intensity plus the ratio of abundances of two
transitions was alternatively used for confirmation.

3.2.3. Selection of sample solvent medium before injection

The composition of sample solvent medium before injection
directly affected the separation behavior of the analyte in HPLC sys-
tem and their ionization efficiency during MS/MS determination.
To select the suitable sample solvent medium, methanol, ace-
tonitrile, methanol-water (50/50, v/v), acetonitrile-water (50/50,
v/v), methanol-water containing 10 mmol L-! ammonium acetate
(50/50, v/v), acetonitrile-water containing 10 mmolL~! ammo-
nium acetate (50/50, v/v), methanol-water containing 0.2% of
formic acid (50/50, v/v) and acetonitrile-water containing 0.2%
formic acid (50/50, v/v) were compared in the pilot test. The
analyte-free grape homogenate was spiked with each standard
(50 wgkg1), and then pretreated as described in Section 2.5 until
evaporated under a stream of nitrogen gas at 40°C. Then, the
residues were re-dissolved with the eight candidate solvents. Sur-
prisingly, the peak shapes of the analytes were quite terrible if the

acetonitrile was included in the solution. When methanol-water
containing 10mmolL~! ammonium acetate was selected, the
ionization was significantly mitigated under ESI~ mode so that
the abundance and sensitivity were thus accordingly reduced.
Although the ionization efficiencies were almost identical when
methanol, methanol-water (50/50, v/v) or methanol-water con-
taining 0.2% formic acid was used, methanol-water (50/50, v/v)
was selected due to the better peak shapes for all five analytes.

3.3. Evaluation of the matrix effects

The extent of SSE was quite different for the five phytohormones.
The signals were significantly suppressed by the sample matrix for
IAA, NAA, GA3 and 2IP with the SSE 66.2%, 58.6%, 56.3% and 38.5%,
respectively, while the responses of IBA were obviously enhanced
with the SSE of 129.2%. Therefore, it could be concluded that the
matrix effects of the grapes were seriously existed for the five phy-
tohormones, which would evidently interfere the accuracy of the
established method. Therefore, the external matrix calibration was
further used to eliminate the matrix effects.

3.4. Method validation

The analytical method was validated according to the follow-
ing criteria: linearity, sensitivity, recovery, precision (within- and
between-day variability) and stability.

3.4.1. Linearity

The standard solutions, with the concentration sequence of 1,
2.5, 5, 10, 25, 50, 100, 250, 500, 1000 ng mL~1, were prepared in
the blank matrix. The calibration curves were created by plotting
peak areas of each phytohormone vs. respective concentration.
Nice linear relationships and good coefficients of determination
(R% > 0.9990) were obtained in both means (Table 3).

3.4.2. Sensitivity

The limit of detection (LOD) was determined by successive
analyses of spiked matrices with decreasing amounts of each phy-
tohormone standard until a signal-to-noise ratio 3:1 was reached
and the limit of quantitation (LOQ) was adopted as the concen-
tration of a phytohormone giving S/N=10:1. As shown in Table 5,
the LOQs were in the range of 0.05-1.00ng mL~! and LODs were of
0.02-0.30ng mL~! (Table 3), which were obviously lower than the
values reported in the previous studies [1,3]. Since 2 g of each sam-
ple was pretreated as described in Section 2.5 and metered volume
to 1mlL, the sensitivity in the sample solution was twice higher
than that in the accordingly real sample. In another word, in the
real grape sample, the LOQs were in the range of 0.10-2.00 g kg !
and LODs were of 0.04-0.60 pgkg~1.

3.4.3. Recovery

Recovery was performed in the phytohormone-free grapes
employing the method of standard addition. Eighteen portions of
the selected sample were spiked with the high, intermediate and
low levels of the mixed standards (400, 50, 5 wg kg1 for IAA, NAA,
GA3, 2IP and 200, 25, 2.5 ngkg~! for IBA) while three additional
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Table 3

The calibration curves and sensitivities of the five phytohormones in sample matrix.
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Phytohormones Slope Intercept R? Range (ngmL-1) LOD (ngmL~') LOQ (ngmL-1)
1AA 90.4 —425.2 0.9991 5-1000 0.3 1
IBA 1844 577.7 0.9993 2.5-500 0.02 0.05
NAA 316.6 19,918.3 0.9991 5-1000 0.03 0.6
GAs 324.1 —774.7 0.9999 5-1000 0.3 1
2IP 405.8 —1675.0 0.9991 5-1000 0.1 0.3

Table 4

Recoveries of the five phytohormones in grape matrix (n=6).
Phytohormones High level® (%) Intermediate level® (%) Low level© (%)

X +SD RSD X +SD RSD X +SD RSD

IAA 90.5 + 1.7 19 96.5 + 4.3 4.5 89.2 + 8.3 9.3
IBA 101.6 + 2.1 2.0 825+ 20 24 86.0 + 6.8 7.9
NAA 91.0 + 40 4.4 91.6 + 4.6 5.0 90.7 £ 79 8.7
GA; 97.1 £5.0 52 92.8 £ 3.0 3.2 95.3 £ 89 9.4
2IP 1054 £ 4.2 4.0 90.3 + 89 9.8 959 + 9.2 9.6

2 High level: IAA, NAA, GAs, 2IP was designed as 400 pg kg~'; IBA was designed as 200 pgkg!.
b Intermediate level: IAA, NAA, GAs, 2IP was designed as 50 pgkg™!; IBA was designed as 25 pgkg'.
¢ Low level: IAA, NAA, GAs, 2IP was designed as 5 ugkg". IBA was designed as 2.5 pgkg'.

portions were selected as the controls. Samples were pretreated as
described in Section 2.5, and the concentrations were calculated
using the external matrix calibration. The recoveries were in the
range of 82.5-105.4% (Table 4).

3.4.4. Intra- and inter-day precision

Intra- and inter-day precision was determined by assaying the
analyte-free samples spiked with high, intermediate and low levels
of the individual phytohormone on five consecutive days with six
replicates each day. The intra-day precision was in the range of
2.1-11.0%, and inter-day was in the range of 3.5-13.0% (Table 5).

3.4.5. Stability

To assess the stability of IAA, IBA, NAA, GA3; and 2IP, the blank
matrix was spiked with the involved phytohormones at 50 ng mL™1,
and the concentrations left at room temperature, —20°C and 4°C
for 24 h were determined, respectively. The results showed that
the mean percentages of calculated concentration vs. theoretical
concentration were >82.0% for all phytohormones for 24 h even
under room temperature, indicating that the analytes were stable
through the whole sample preparation procedure (Fig. 4).

In total, all the experimental data indicated that the established
method is rapid, robust, sensitive and could be used for simultane-
ous determination of the five phytohormones in grapes.

Table 5
Intra- and Inter-day precision of the established HPLC-MS/MS method (n=6,
pgkg™).

Phytohormones Intra-day precision Inter-day precision
X +£SD RSD X +£SD RSD
729.4 + 16.0 2.2 754.9 + 441 5.8
1AA 96.3 + 4.6 4.8 93.4 £ 8.1 8.7
9.0 £0.7 8.1 8.7+ 0.8 9.6
416.3 + 8.7 2.1 479.3 + 26.8 5.6
IBA 439 + 2.6 6.0 43.5 + 4.1 9.5
4.1 +£02 49 41 +0.2 49
729.2 + 304 4.2 7358 £ 31.4 43
NAA 90.3 + 3.9 4.4 884 +44 5.0
9.8 £0.7 7.5 9.1 £09 10.0
776.5 + 40.1 52 785.7 + 34.7 44
GA; 85.7 £ 3.0 35 84.7 +£ 3.7 44
9.8 £0.7 6.8 9.1 +£1.0 10.8
853.4 + 32.1 3.8 849.4 + 30.0 3.5
21P 914 + 89 9.7 923 £+ 12.0 13.0
103 + 1.1 11.0 102 £ 1.3 12.4

3.5. Method application in real samples

The evaluated method was finally applied to determine the nat-
ural occurrence of IAA, IBA, NAA, GA3 and 2IP in grapes in China.
The samples were prepared as described in Section 2.5. The concen-
trations of the analytes were calculated using the external matrix
calibration.

As shown in Table 6, among the collected thirty samples, twenty
two contained phytohormones (73.3% of incidence), ranging from
1.0 to 25.8 ugkg~!, which was consistent to the previous values
reported by Dasharath etal. (GA3: 0.05 (+4%)mgkg~1)in grapes[3],
but higher than that in Chinese cabbage (no positive sample found)
[18]. The three samples with the highest concentration levels
of phytohormones (25.4 ugkg=!, 25.8 pgkg-! and 25.4pugkg1)
were all green grapes collected from Xinjiang province, China.
Fortunately, the concentrations of all samples were less than the
European Union MRLs [5].

Moreover, the phytohormones demonstrated great variability
in type and relative proportions in the twenty two positive sam-
ples (Table 6). A total of sixteen samples contained 2IP, the most
prevalent phytohormones, in the range of 1.0-10.0 pgkg-1. The
mean levels (occurrence) of IAA, GAs and NAA in the positive
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§ ° GA3
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U0 T
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é
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Fig. 4. The stability of IAA, IBA, NAA, GAs3 and 2IP in the blank grape matrix at room
temperature for 24 h.
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Table 6
The contents of the five phytohormones in the grapes samples collected from local markets (ugkg=").
Sample code Origin 1AA IBA NAA GAs3 2IP SUM
1 Xinjiang province - - 1.3 241 - 254
2 Xinjiang province - - - 21.7 4.1 25.8
3 Xinjiang province - - 1.3 7.4 5.4 141
4 Xinjiang province 2.8 - - - 4.0 6.8
5 Xinjiang province - - - - 1.5 1.5
6 Shandong province - - - - - -
7 Shandong province - - - - - -
8 Shanxi province 7.2 - - - 6.3 135
9 Hebei province 10.8 - - - - 10.8
10 Zhejiang province - - - - - -
11 Zhejiang province - - - - - -
12 Zhejiang province - - 8.4 2.8 - 11.2
13 Zhejiang province - - - - - -
14 Liaoning province - - - - - -
15 Shanghai - - - - 3.7 3.7
16 Shanghai - - 1.4 - - 1.4
17 Shanghai 33 - - - 1.6 4.9
18 Shanghai - - 1.9 - 10.0 119
19 Shanghai - - - - 1.8 1.8
20 Shanghai - - 1.9 - 1.1 2.9
21 Shanghai - 1.6 - - 19 3.4
22 Shanghai - - 5.4 - - 5.4
23 Shanghai - - - - - -
24 Shanghai - - - - - -
25 Shanghai - - - - 1.0 1.0
26 Shanghai - - - 3.2 - 32
27 Shanghai - - - 1.9 2.5 4.4
28 Shanghai - - 2.0 - 3.6 5.7
29 Shanghai - - - - 2.0 2.0
30 Shanghai 33 - - - 5.2 8.5
-: not detected.
samples were 5.5pugkg~! (22.7%), 102pgkg! (27.3%) and References

3.0 pgkg ! (36.4%), respectively. Trace amount of IBA (1.6 pgkg~1)
was detected only in one single sample. Hence, the results demon-
strate that the developed HPLC-MS/MS is a sensitive, stable and
robust method for rapid analyses of multiclass phytohormones,
which will be applicable in rountie monitoring, fundamental or
applied research of phytohormones.

4. Conclusions

The phytohormones have aroused increasing attention in the
system of food safety management. In this study, we have
developed a reliable HPLC-MS/MS method for simultaneous quan-
tification of IAA, IBA, NAA, GA3 and 2IP in native forms without
derivatization in grapes and also simplified the procedures for
extraction and purification. The phytohormones analyzed rep-
resent structurally diverse compounds with different chemical
properties (acid/alkaline). After careful validation by determin-
ing the sensitivity, linearity, precision, stability and matrix effects,
the established analytical method was successfully applied to
determine the five phytohormones in grape samples collected
from different origins in China. The achieved satisfactory results
are sufficient to prove that this method was suitable for rapid
multiresidue analyses of multiclass phytohormones in agriculture
field.
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