Journal of Food Science and Engineering 1 (2011) 27-34

PUBLISHING

Rapid Analysis of Nicotine in Mushrooms Using
QUEChERS Extraction and Liquid Chromatography

Tandem Mass Spectrometry

A. Santilio and R. Dommarco

Department of Environmental and Primary Prevention, Pesticide Unit, National Institute of Health, Rome 00161, Italy

Received: March 23, 2011 / Published: June 15, 2011.

Abstract: A procedure based on the QUEChERS methodology and Liquid Chromatography Tandem Mass Spectrometry (LC/MS/MS)
is described, for the determination of Nicotine in mushrooms. QUEChERS methodology was used to determine Nicotine in dried and
fresh mushrooms under basic conditions with primary secondary amino sorbent (PSA) clean up. The chromatography was performed
on C18 reversed phase column using a gradient of acetonitrile and ammonium formiate ImM pH = 3.4 as mobile phase at a flow rate of
0.3 mL min™". Nicotine was determined by using Nicotine-d3 as internal standard. Limit of quantification (LOQ) was 0.01 mg kg™ for
both fresh and dried mushrooms. Calibration curve was linear over the concentration range of 0.01-2.3 mg mL™', with r* > 0.99. As for
recoveries in dried mushrooms, spiking levels of 0.32 mg kg and 2 mg kg were considered whereas for the fresh mushrooms the
recoveries were determined at 0.036 mg kg™ and 0.36 mg kg, Satisfactory results were obtained for both matrices and the recoveries
proved to range from 105% to 135%, with a standard deviation in the range 17-20. The method was applied to the analysis of Nicotine
to assess the levels of nicotine in fresh and dried mushrooms.

Key words: QuEChERS, Nicotine, mushrooms, pesticides, residues, liquid chromatography tandem mass spectrometry (LC/MS/MS).

1. Introduction Regulation (EC) No 396/2005) [3].

o L L As consequence of the high levels of nicotine, the
Nicotine ((S)-3-(1-methylpyrrolidin-2-yl)pyridine) o .
. . . European Commission asked to the EFSA to establish a
is the predominant component of the crude alkaloid o )
) ) L . safe nicotine level for consumers on the basis of the
extract, its structure formula is showed in Fig. 1; it is ] o
) . . . residue levels from monitoring plan and of the
used as insecticide to control of aphids, thrips, . ) ] o .
toxicological properties of the Nicotine. According to

the EFSA opinion [2], a safe level of nicotine of 0.036
mg kg for fresh wild mushrooms was established,

whitefly and other insects on glasshouse ornamentals
and on crops including fruit, vines and vegetables [1].

In European Countries, the use of plant protection ] 1 ] ]
o o corresponding to 0.32 mg kg for dried wild
products containing Nicotine is phased out on June o

. . . . . mushrooms. Afterwards, the European Commission set
2010 but its use in Third Countries may continue and q )
) L. a temporary MRL of 0.04 mg kg~ for fresh wild
may lead to residues of Nicotine in food [2].

During the years 2008/2009, Nicotine was detected
in dried wild mushrooms (mainly Boletus edulis), at the

mushrooms [4].

As a result of the European Commission request to
. 3 . . monitor the level of nicotine on dried mushrooms, the
levels higher than 0.01 mg kg™ on a fresh weight basis. . . .
Italian National Reference Laboratory for Single
Residue  Methods (NRL-SRM)  studied the

performance of a simple and fast method using
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Fig. 1 Structure formula of nicotine.

tandem mass spectrometry (LC/MS/MS) to determine
the nicotine levels in both dried and fresh mushrooms.

It has been reported that Nicotine has a wide
distribution in various edible vegetables belonging to
the nightshades family (Solanaceae) such as potatoes,
tomatoes or eggplants (aubergines) [5-8]. The function
of Nicotine in these vegetable is still not fully known
and it is assumed that the Nicotine as a natural defense
against fungi, bacteria, insects and animals. In the
above-mentioned publications, the authors have
described complicated methodologies to eliminate
interfering  compounds, including liquid-liquid
extraction and clean up. The determination of Nicotine
has been usually performed by gas
chromatography/mass spectrometry [5-8] and only few
authors have used the liquid chromatography /mass
spectrometry and tandem mass spectrometry [9-15].
Some authors determined the Nicotine content in
pharmaceutical formulations using liquid-liquid
extraction followed by liquid chromatography [16] or
ultrasonic extraction and gas chromatography [17]. In
2002, a case of contamination of ground beef
adulterated with a Nicotine sulfate has been reported in
Ref. [18] and the Nicotine was determined by
HPLC/UV and by GC/MS for confirmation.

Before now, no study has been reported for the
determination of Nicotine in mushrooms because of no
evidence of the contamination was detected. Only
recently the presence of Nicotine in mushrooms has
been pointed out and in Ref. [19] the author described a
study of determination of Nicotine in mushrooms by
LC/MS/MS. The cause of Nicotine contamination in

dried and fresh mushrooms has not yet been established

as a naturally occurring compound.

The aim of the present paper was to study the
performance of the QUEChERS methodology applied
to the analysis of Nicotine in dried and fresh
mushrooms. The QuUEChERS methodology introduced
by Anastassiades [20, 21] well fit to the analysis of
Nicotine in mushrooms. The methodology is rapid and
allows the analysis of several samples in short time,
moreover it is well arranged with the liquid
chromatography tandem mass spectrometry. Special
emphasis was put on the use of the Nicotine-d3 as
appropriate internal standard to compensate the lack of
fully quantitative extraction for the analysis.

2. Materials and Methods
2.1 Reagents

The reference standard of Nicotine was purchased
from Sigma Aldrich (Milan, Italy) which was from
99.8% certified purity. The reference standard of
Nicotine d3 was purchased from Toronto Research
Chemicals Inc. (TCR) (North York, Canada) which
was from 99% isotopic certified purity.

Individual stock standard solutions were prepared at
1 mg mL" in acetonitrile and stored in darkness at
+4 °C. The working standard solutions were prepared
at concentration of 10 pg mL™ and stored in darkness at
+4 C.

Acetonitrile (HPLC) grade was obtained from Carlo
Erba (Milan, Italy). Water purified with Elix/Milli-Q
water purification system (Millipore, Bedford, MA,
USA) was used.

Ammonium Formiate (HPLC grade) was obtained
from Fluka (Switzerland).

Anhydrous magnesium sulfate (97% pure) was
supplied from Across Organics (New Jersey, USA).
Sodium chloride was obtained from Merck (Darmstadt,
Germany) and purified from interfering substances by
heating for 3 h at 600 ‘C and then for 12 h at 120 C
in muffle furnace and in oven respectively. Primary
secondary amine sorbent (Bondesil-PSA), 40 um was
obtained from Varian (Palo Alto, CA, USA).
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Anotop 25 LC (0.2 um pore size) was purchased
from Whatman (Maidstone, England).

2.2 Apparatus

A Buchi Mixer B-400 (Buchi Labortechnik AG
Fawil, Switzerland) was used to mince the sample.

A vortex mixer IKA MS 3 Basic (Wilmington, USA)
was used to mix the samples for the extraction. A
centrifuge ALC 4237R (Milan, Italy) was used to
centrifuge the samples after extraction.

A Varian System ProStar (HPLC) (Valnut Creek,
CA), equipped with a Varian 1200L Quadrupole
MS/MS  detector was
chromatograph was equipped with a Varian 410

employed. The liquid
autosampler (Valnut Creek, CA). A Valco valve of
injection with a loop of 100 uLL was used. The injection
mode was partial loopfill. The injection volume was 5
pL, and to avoid carry-over, the autosampler was
flushed with acetonitrile before sample injection.
Chromatographic analysis was performed on 150 x
2.1 mm Zorbax Eclipse XDB-C18 column (Agilent
Technologies, USA) with a 3.5 um pore size.
Acetonitrile (B) and ammonium formiate at pH = 3.0
(A) were used as mobile phase at flow rate of 0.3 mL
min™. The linear gradient started at 100% A to 40% A
(12 minutes) the column was held to 40% A for 1
minute and then increased to 100% A (3 minutes) and
was held 2 minutes before return to the initial mobile
phase composition. The total run-time was 15 minutes.
The detection was achieved using mass spectrometry
equipped with electrospray ionization interface (ESI)
operating in positive ion mode. Typical source
parameters were as follow: lonization voltage was
1400 V; Capillary voltage was 40 V; The solvent
evaporation in the source was assisted by a drying gas
(heater synthetic at 250 ‘C at 30 psi). Data analyses
were assured by software Varian MS Workstation

version 6.8.
2.3 Samples

Twelve samples of mushrooms were collected from

local markets in different area of Rome.

The fresh mushrooms (agaricus bisporus) were
chopped up by Buchi mixer to obtain an homogeneous
sample.

The dried mushrooms (botules edulis) were added to
cold water (+4 “C) and were minced by Buchi mixer to
obtain a homogenate. The cold water was added in the
proportion to the weight of the sample (10 mL of water
to 2 g of dried sample).

2.4 Extraction and Clean Up Procedure

For fresh mushrooms, 10 g of sample were added to
a PTFE tube of 50 mL. For dried mushrooms, 5 g of
homogenate was added to a PTFE tube of 50 mL,
corresponding to about 2 g of dried mushrooms.
100 pL of internal standard Nicotine d3 at
concentration of 10 pg mL™' was added to the sample.

10 mL of acetonitrile were added to the sample and it
was mixed for 1 minute.

200 puL of NaOH 5N was added and the pH was
checked, after 4 g of MgSO, and 1 g of NaCl were
added and the tube was mixed for 1 minute. Then the
sample was mixed at 3000 rpm for 5 minutes.

The extract (7 mL) was transferred in a PTFE tube of
15 mL containing 150 mg of PSA and 900 g of MgSO,.
The sample was mixed for 30 seconds and was passed
in a centrifuge at 3,000 rpm for 5 minutes. The
supernatant was transferred in a tube of 15 mL and the
pH was adjusted at 3-4 with 75 pL of 5% formic acid.
An aliquot was filtered on Anotop 0.2 um and injected
in LC/MS/MS.

2.5 Validation Experiments

The validation of the method was carried out taking
into consideration the criteria of the document
SANCO/10684/2009 [22]. The following parameters
were determined during the validation of the analytical
method: accuracy, precision, linear dynamic range and
limit of quantification (LOQ).

The accuracy and precision of the method were
tested by recovery experiments using fresh and dried
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mushrooms which turned out to be free from Nicotine.
A standard solution at concentration of 10 pg mL™
was used to fortify the samples. Ten g homogenized
sample was added with an adequate quantity of
standard to give a concentration of 0.01 mg kg™, 0.02
mg kg, 0.32 mg kg and 2.0 mg kg for dried
mushrooms and of 0.01 mg kg, 0.02 mg kg™, 0.036
mg kg and 0.36 mg kg'or fresh mushrooms. The
spiked samples were mixed by vortex for a few
seconds and left to stand for 10 minutes before
extraction to favor the diffusion of Nicotine into the
matrix. Then the samples were prepared according to
described
Recoveries were determined in five replicates at each

the determination procedure above.
spiked level and for both studied matrices.

External calibration with internal standard Nicotine
d3 was used to quantify the Nicotine. Matrix matched
calibration solution containing Nicotine d3 (Internal
Standard) was employed to minimize errors related to
matrix-induced signal enhancement effects.

The linear dynamic range was studied by plotting
S-point calibration curves. Each point of the linearity
curve was obtained as average of two consecutive
injections. Five calibration solutions at concentration
of 0.01 pg mL™", 0.036 pg mL™", 0.36 pg mL™", 1.0 pg
mL" and 2.3 ng mL"' were prepared in acetonitrile.

The limit of quantification (LOQ) was set at 0.01 mg
kg! for both fresh and dried mushrooms and was
established as the minimum concentration of the
nicotine that can be quantified with acceptable

accuracy and precision.

3. Results and Discussion

In this paper we described the validation of an
analytical procedure for the quantification of Nicotine
in mushrooms by QuEChERS methodology and
LC/MS/MS  determination. The quality
described in the Document SANCO/10684/2009 were
used to judge whether the validation was successful or
not. The method described here fit the criteria
established in the SANCO document.

criteria

The recovery rates and precision were studied at two
fortification levels: 0.036 mg kg™ and 0.36 mg kg™ for
fresh mushrooms and 0.32 mg kg™ and 2.0 mg kg™ for
dried mushrooms, considering five replicates for each
spiking level. The recoveries were expressed as percent
ratios between the mass of Nicotine after extraction and
cleanup steps and the mass of Nicotine added to fortify
the sample investigated. We also compared our results
with Ref. [18] which describes the QuEChERS
methodology applied to the analysis of mushrooms. A
good agreement between the results was obtained, even
though higher fortification levels were investigated in
that case.

The response of the processed spiked matrix was
considered with respect to the response of a matrix
-matched standard at the same fortification level. The
use of the matrix-matched standard minimized the
matrix effect relate errors. Therefore, the Nicotine
isotope d3 and d4 were used as internal standard in the
analytical determination on vegetables [6] and in
human mecomiun [12], also by other authors. In this
work, the quantification was carried out using the
Nicotine methyl-d3 as internal standard (IS), which
improved the recovery rates and minimize the dilution
errors.

The elution of the Nicotine by LC/MS/MS technique is
reported on different stationary phases as C18 or C8
reversed-phase column. In either case, the elution is
completed in less than 10 minutes: The nicotine elution
on C18 column is achieved in less than 5 minutes,
whereas 8 minutes are required on the C8 phase.

In this study, the Nicotine elution was performed on a
Zorbax Eclipse XDB-C18 column in 4 minutes and the
identification of the compound was carried out by
retention time and ion transitions as reported in Table 1.

A typical MRM chromatograms of matrix matched
calibration solution at 0.036 mg/kg is shown in Fig. 2.
Fig. 2 reports the chromatograms with ion transitions
for Nicotine and Nicotine d3. The nicotine ion
transition 163 > 130 m/z was used for the quantitative

determination.
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Table 1 Retention time, ion transitions and collision energy of Nicotine and Nicotine d3 by LC/MS/MS.

Transition
Compounds Retention time (min) - - —
Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
Nicotine 4.278 163.1 130.1 29
163.1 1322 23
Nicotine methyl d3 4.273 166.2 132.1 23
kCounts

Nicotine 163.1 > 130.1

Nicotine 163.1 > 132.2

Nicotined3 166.2 > 132.1

minutes

Fig. 2 Multiple Reaction Monitoring (MRM) chromatograms obtained on Zorbax Eclipse XDB-C18 column (150 x 2.1 mm;
3.5 um) of a matrix-matched calibration solution of Nicotine at 0.036 pg/mL and Nicotine d3 at 0.10 pg/mL. Nicotine ion
transitions 163.1 > 130.1 and 163.1 > 132.2 m/z; Nicotine d3 ion transition 166.2 > 132.1 m/z.

The mean recoveries for each matrix ranged from
120% to 135% for dried mushrooms and from 105% to
112% for fresh mushrooms. Table 2 shows the
recoveries and the standard deviation for both matrix
and for each fortification level. The precision of the
method was investigated and expressed as relative
standard deviation (RSD%). Good results were
obtained for both matrices and the values are ranged
between 10% and 17% for dried mushrooms and
RSD% of 15% and 16% were obtained for fresh

mushrooms for both spiked levels.

A linear relationship between the detector response
and the Nicotine concentration was observed. The
calibration curve was obtained plotting the ratio
Nicotine/internal standard concentration against the
ratio Nicotine/internal standard peak area. The Nicotine
showed linearity in electrospray ionization (EI) positive
mode over a concentration range of 0.01-2.3 ug mL™". A
linear curve with correlation coefficient R*, higher than
0.99, was obtained as shown in Fig. 3.
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Table 2 Mean recoveries (n = 5), standard deviation and %RSD for Nicotine on dried and fresh mushrooms.

Spiking level (mg/kg) Nicotine
iking level (m,
prne gre % Recovery (n=5) +S.D. %RSD
0.01 178 £ 27 15%
) 0.02 171 £ 12 7%
Dried mushrooms
0.32 135+ 13 10%
2.0 120 + 20 17%
0.01 126 +23 18%
0.02 97 £28 29%
Fresh mushrooms
0.036 112+ 17 15%
0.36 105+17 16%
60
50 y=2.907x -0.108
/ R2=10.999
40 o

0 /

2
< /
= 20
o)
< /
10 -
0 / ' i i
0.00 5.00 10.00 15.00
CS/CIS

Fig. 3 Calibration curve of nicotine.

The limit of quantification (LOQ) was assessed as
the minimum concentration of the nicotine that can be
quantified with acceptable accuracy and precision. For
this purpose, two recovery tests were performed at 0.01
and 0.02 mg kg levels, for both matrices. Table 2
showed the recovery results and it is possible to
establish the level of 0.01 mg kg™ as the LOQ value for
both fresh and dried mushrooms.

This value is consistent with the LOQ reported from
Cavalieri et al. [18] for fresh mushrooms while for
dried mushrooms we obtained a LOQ value lower than
of 0.06 mg kg '[18].

The studied method is easy to apply for the analyses
of more samples simultaneous and as far it was used to
analyze sample of mushrooms from local market of
Rome.

Seven samples of dried mushroom were collected

20.00

from supermarkets. The studied mushrooms come from
Boletus edulis and its related group (Boletus Areus,
Boletus Pinicola, Boletus Reticulatos). The levels of
Nicotine were ranged from 0.02 mg kg™ to 0.30 mg kg
dried weight basis, corresponding to 0.01-0.03 mg kg™
fresh weight basis as reported in Table 3.

A total ion chromatogram (TIC) of a dried
mushroom sample and a TIC corresponding Nicotine
standard solution are shown in Fig. 4.

Five fresh mushroom (agaricus bisporus) samples
were collected from market and supermarket and no
Nicotine level above 0.01 mg kg™ (LOQ) was detected
as shown in Table 3.

From the results of this study, the nicotine levels for
all analyzed samples are below the EU MRLs of 0.04
mg kg on fresh weight basis and no evidence of risk
for consumers can be observed.
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Table 3 Nicotine levels on dried and fresh mushrooms from Roman market.

Sample ID  Sample Nicotine level on dried weight basis  Nicotine level on fresh weight basis

(mg kg™ (mg kg™
Died mushrooms
D1 (Boletus edulis and related group) 0.30 003
D2 Died mushrooms 0.06 0.01

(Boletus edulis and related group)

Died mushrooms
D3 (Boletus edulis and related group) 0.02 0.002

Dried mushrooms
D4 (Boletus edulis and related group) 0.14 0.02

Dried mushrooms

b3 (Boletus edulis and related group) 0.25 0.03

Dried mushrooms
D6 (Boletus edulis and related group) 021 0.02

Dried mushrooms
b7 (Boletus edulis and related group) 0.10 0.01
Fresh mushrooms
F (agaricus bisporus) <0.01
F2 Fresh_mush_rooms 001
(agaricus bisporus)
Fresh mushrooms
(agaricus bisporus)
Fresh mushrooms
(agaricus bisporus)
Fresh mushrooms

5 (agaricus bisporus) <0.01

F3 <0.01

F4 <0.01

kCounts

(a) Standard Nicotine 0.036 pg/mL

minutes

kCounts
(b) Dried mushroom sample

minutes
Fig. 4 A total ion chromatograms (TIC) obtained by injection of: (a) matrix-matched standard solution of Nicotine at 0.036
pg/mL and Nicotine d3 0.10 pg/mL and (b) dried mushrooms sample added with 100 pg/mL of a Nicotine d3 solution at 10
pa/mL.
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