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Determination of Ascorbic Acid and Carotenoids in Food
Commodities by Liquid Chromatography with Mass
Spectrometry Detection
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Two methods, one to determine ascorbic acid and one to determine lycopene and S-carotene, in
vegetables and fruits by liquid chromatography coupled with mass spectrometry (LC-MS) have been
established. The chromatographic separation of the studied compounds and their MS parameters
were optimized to improve selectivity and sensitivity. In both methods, separation was carried out
with two coupled columns, first a C;5 and then a dC,g, using as mobile phase 70% methanol (0.005%
acetic acid) and 30% acetic acid 0.05% for ascorbic acid determination and a mixture of methanol,
tetrahydrofuran, and acetonitrile (60:30:10 v/v/v) for carotenoid analysis in isocratic mode. The
molecular ion was selected for the quantification in selective ion monitoring (SIM) mode. Ascorbic
acid was detected with electrospray ionization probe (ESI) in negative mode, while chemical ionization
atmospheric pressure (APCI) in positive mode was used for the target carotenoids. The methodology
for ascorbic acid analysis is based on an extraction with polytron using methanol and a mixture of
methaphosphoric acid and acetic acid. Extraction of the carotenoids was carried out with tetrahy-
drofuran/methanol (1:1) (v/v). The proposed methods were applied, after their corresponding
validations, to the analysis of four varieties of tomatoes, tomato in tin enriched and dried tomato, and
to the analysis of mango and kiwi fruits, to compare the content in these compounds. Moreover, the
influence of the process of freezing and the effect that the manipulation/preservation has in the content
of ascorbic acid in tomato have also been studied.
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INTRODUCTION properties for the human health. In research, both the lycopene

Ascorbic acid (vitamin C) and carotenoids are among the most (¥:¥ -carotene) ang-carotene (8 3carotene) are responsible
important compounds present in fruits and vegetables postulatecfor the anticarcinogenic effects of fresh fruits and vegetables
to have a beneficial role in health-promoting effedts 6). Both (10). Both of them present nine conjugated double bonds capable
of them act as antioxidants against a variety of diseases.Of quenching reactive oxygen species such as singlet oxygen
Ascorbic acid, a water-soluble compound, is an important and other free radicals. Lycopene giarotene are structural
micronutrient that, besides its antioxidant effect, is valuable for isomers (Figure 1). Lycopene is naturally present in trans
its vitamin action playing many physiological rolég§ (During configuration in raw tomatol(l), and it accumulates inside the
recent years, the interest in ascorbic acid has also been increasechloroplast during the ripeness of the fruits. It is converted to
because of its involvement in the liberation of nitric oxide under its cis form during processing and storage of fogii€arotene
various conditions&). It can be synthesized by plants and by is a precursor of vitamin A, therefore making fruits and
many mammals, but not by man, and it is present in small vegetables essential contributors to vitamin A status in humans.
quan_tities in foc_)d an_d_is indispensable for Iife_, health, _and Liquid chromatography (LC) coupled with UWis detection
physical and daily activity. The best way of deriving benefit of - gaems (o be the preferred method for analysis of ascorbic acid,
agcprblc acid is eating fresh f(Ults and vegetables or with a lycopene, ang-carotene. The overwhelming majority of these
minimum of processing (cooking)9). However, losses of methods involve the photodiode array detector, which allows

ascorbic acid are produced when the samples are frozen or - :
refrigerated (1011). examining all wavelengths at the chromatographic peak to

Carotenoids are vegetal natural pigments responsible for confirm the presence of a previously identified compound by

diverse biological functions and for the coloration of many fruits retention time. However, food samples require the application

and vegetables. They are fat-soluble compounds with excellent.Of more Te"ab'e and selective ”.‘eth"ds for definitive peak
identification that only can be achieved by mass spectrometry

* Author to whom correspondence should be addressed. F84950 .(MS)' Th's teChn'q.ue presents a ”Ch amount 9f qua“tatl've
015985; fax: +34950 015483; e-mail: agarrido@ual.es. information from which compound identity may be inferred with
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Figure 1. Chemical structure of the target analytes.

a high degree of certainty. In addition, MS has the advantage acid was prepared in 50 mL of methan@icarotene and lycopene (248
of providing information for confirmation purposes. Once the and 40 mg/L, respectively) were preparechihexane; first, lycopene
identity is established, the quantitative information obtained can Was dissolved in 1 mL of tetrahydrofuran and then was diluted with
be correctly interpreted without producing false positive results. N-néxane. Working solutions of lower concentrations were prepared
No references have been found which use LC interfaced with %Y @PPropriate dilution with methanol. They were kept in polypropylene
MS detection for the quantitative determination of the target bottles at—24 °C. All operations were performed in subdued light and

vtes | h tri ith h this i t th p with dark volumetric flasks.
analytes In such matrixes aithoug IS 1S not the case 1or .« umentation. HPLC system was an Alliance 2695 equipped with
biological samples 12—15) or recently for fortified infant

! . autosampler, degasser, and heater column purchased by Water (Milford,
formulas (16). LC-MS has been used in several studies only t0 \jassachusetts). The mass spectrometer system was a ZQ 2000 single
confirm the identity of carotenoids from food samplds { quadrupole purchased from Water-Micromass (Manchaster, U.K.). Data
20). were collected by MassLynx 4.0 software in a personal computer. The
Despite that the same analytical technique is used for compounds were separated by two coupled columns, first a Symmetry
determining the target analytes, methods for their extraction are Cis 75 x 4.6 mm i.d. 3.5um and then an Atlantis dg150 x 2.0 mm
based on the use of solvents of different properties. Aqueous'-d- 5 #m, both from Water. A mobile phase composition of 70%
solvents, such as metaphosphoric acid and acetic acid mixturesmMethanol (0.005% acetic acid) and 30% acetic acid 0.05% in isocratic
are used for the extraction of ascorbic ac@).(Mixtures of mode was used for ascorbic acid determination, while for ca_lrc_)tenmd
organic solvents with different polarity, such as acetone analysis a mixture of methanol, tetrahydrofuran, and acetonitrile (60:
’ ' 30:10 v/viv) was used. Both columns were set to°80during all
methanoln-hexane, tetrahydmfuran' and So forth, are used for runnings, and the injection volume was A0 for ascorbic acid and
the extraction of carotenoid21—24). In gddmpn, for the Igtter 100 L for carotenoids.
compounds, methods based on matrix solid-phase dispersion  ascorbic acid was detected with electrospray ionization probe (ESI)
(MSPD) are also found (25, 26). in negative mode, while chemical ionization atmospheric pressure
In this paper, we describe the development and validation of (APCI) in positive mode was used for the target carotenoids. The
the analytical methodologies, on the basis of LC-MS, for temperature source was set at T&) the flows for desolvation and
determining ascorbic acid on one hand and lycopene andcone gas were 400 L/h and 60 L/h, respectively, and the capillary was
p-carotene on the other hand in food commodities. Finally, the Setto 3.5KkV. Selective ion monitoring (SIM) was acquired by previous
methodologies have been applied to the analysis of ascorbicinfusion of each standard in full scan mode at a concentration of 15
acid, lycopene, an@-carotene in four varieties of tomato widely mg/L. -~ o
cultivated in agricultural areas on the south of Spain (Alajer! Samples.The food commodities analyzed were tomato, kiwi, and
and in kiwi and mango fruits. Also, the target compounds were mango, which were frozen in our laboratory. Four cultivars of tomatoes
. . - . (raf, cherry, rambo, and daniela) were analyzed. The contents of the
Qetermlned in prpcessed/manlpulated foods (dried tomato and'[arget compounds in dried tomato and tomato in tin enriched were
tin tomato). Until now, analytical methods have not been quantified too.
published for determining the target com_poun_d_s |n_the matr_lxes Extraction Procedures. The extraction procedure for ascorbic acid
of the study by LC-MS. This allows the identification, confir- a5 slightly modified in relation to the one described inZ&fBriefly,
mation, and quantification of the analytes in one single injection. 2 g of vegetable or fruit sample was mixed with 5 mL of methanol
Both LC-MS methods described in this work are simple (no and 25 mL of a mixture of meta-phosphoric acid 3% and acetic acid
cleanup steps) and rapid (analysis time lower than 5, 16, and8%. The mixture was homogenized with a polytron mixer (model
24 min for ascorbic acid, lycopene, gfigtarotene, respectively). PT2100, Kinematica AG, Littan/Luzern, Switzerland) at 19 000 rpm
Moreover, the proposed methods include internal qua“ty for 1 min and then was filtered through a funnel biichner, and 10 mL
controls to ensure the reliability of the analytical measures. of this extract was made up to 25 mL with acetic acid 0.1%. This diluted
extract was used for quantification by the standard additions method
because the matrix contained the target analyte. For it, 1 mL, after
MATERIAL AND METHODS addition of standard, was made up to 2 mL with mobile phase and was
Reagents.L(+)- Ascorbic acid (vitamin C) was purchased from injected into LC-MS (1QuL).
Panreac (Barcelona, Spain), meta-phosphoric acid {365%) was The extraction method used for carotenoid analysis was similar to
purchased from Fluka (Buchs, Switzerland), afiecarotene and that described elsewher28). Briefly, it consists of mixig 1 g of the
lycopene {,i-carotene) were purchased from Sigma-Aldrich (Taufkirch-  vegetal in a polytron with 0.2 g of MgC{£and 50 mL of a mixture of
en, Germany). Methanol for HPLC was obtained from Merck (Darm- tetrahydrofuran/methanol (1:1) (v/v). The solvent was removed by
stadt, Germany). Other reagents such as petroleum ether, tetrahydrofiltration and the filter cake was re-extracted again. Then, 50 mL of
furan, magnesium carbonate, and sodium chloride were obtained fromaqueous NaCl solution (10%) was added and a ligligplid extraction
Panreac. Doubly distilled water was purified using a Milli-Q system was carried out with 50 mL of petroleum ether (twice). The organic
(Millipore, Bedford, MA). A stock solution (340 mg/L) of ascorbic  phases were joined, and the solvent was removed under vacuum in a
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Figure 2. Mass spectrum of (a) ascorbic acid and (b) -carotene.

rotatory evaporator until almost dry and then just to the point of dryness ion [M—H]~ at m/z 175 is monitored at a cone voltage of 20
with a slight N> stream. The residue was redissolved in 10 mL of initial \/. Even different fragment ions were found as confirmation
mopi!e phase. This sol_ution was u_sed for quar_ltiﬁgation by the s_ta_ndard ions when the voltage was increag&igjure 2a). On the other
_ac:dlttcéniﬂrgeiho%dlas in the previous determination, and was injected hand, the more typical adduct in LC-MS in positive mode ([M
into LC-MS (100uL). -+ NaJ*) was not found in the characterization experiments by
infusion. Ascorbic acid is a relative soft molecule with low
weight (MW = 176.13), and its molecular ion [M-H]*, as
Optimization of the Instrumental Conditions. To optimize well as its fragment ion atyz 114.8, was selected for monitoring
the MS parameters, individual standards of 15 mg/L of the target this compound. For carotenoids analysis, APCI was used
compounds were injected by infusion in full scan in positive because a better response was found when this ionization mode
and negative modes. For ascorbic acid, ESI negative ion modewas applied. Only APCI in positive ion mode allowed monitor-
provided the best response where the unprotonated moleculaing both carotenoidsrigure 2b shows the mass spectrum for

RESULTS AND DISCUSSION



7374 J. Agric. Food Chem., Vol. 53, No. 19, 2005 Frenich et al.

Table 1. MS Conditions and Validation Parameters of the LC-MS Table 2. Contents (mg/Kg) of Ascorbic Acid, Lycopene, and
Method p-Carotene Found in Different Food Commodities
ionization ion cone RTW  recovery RSD LOD LOQ sample ascorbic acid lycopene p-carotene
compound  method (m/ 2) voltage (V) (min) (%) (%) (ugll) (ugll)
raf tomato 180 37 15
ascorbic acid ES| 175 20 390-410 8 87 10 50 cherry tomato 157 3 3
p-carotene  APCl 537 30 2340-2370 90 103 25 100 rambo tomato 97 14 7
chopene APCI 537 30 15.70-15.90 93 94 25 100 daniela tomato 126 19 11
ketchup 67 11 5
o ) ) tomato in tin enriched 238 18 6
[-carotene, and the majority of the ion is @tz 537 corre- kiwi 307 <0.1 <0.2
sponding to (M+ H)*. Lycopene ang-carotene are structural mango 216 <01 2

isomers and showed similar mass spectra.
Chromatographic conditions were varied to improve the different aliquots of a tomato sample & 5) were spiked
retention time of the compounds in the colunfiigures 3and independently with the target analytes at a concentration level
4). Two columns were chosen in the two methods because whenof 0.5 mg/L and were extracted with the corresponding methods
one single column was used the retention time was short, and(S1); also, different aliquots(= 10) of the same tomato sample
at these times there were more matrix interferences. In addition,without fortifying were extracted with the corresponding
it was shown that the presence of acetic acid in the mobile phasemethods, and half(= 5) were spiked at a concentration level
for ascorbic acid determination improved its interaction with of 0.5 mg/L (S2) and the other half were not spiked (SO0).
the analytical column. The percentage of acetic acid was Recoveries (R) were calculated as followR= (S1— S0)/S2
optimized with 0.05% being sulfficient to find the ascorbic acid x 100. Satisfactory results were found with recoveries between
protonated. Other parameters optimized were the flow rate of 85 and 93%Table 1). Settling down as a criterion for validation
mobile phase and the injection volume, the best conditions beingrecoveries of the compounds ranged between 70 and 110%, and
0.3 mL/min and 1Q:L, respectively, for ascorbic acid analysis. all the compounds gave acceptable recoveries within the
For carotenoid determination, the flow and injection volume mentioned validation interval. The precision (repeatability,

used were 0.4 mL/min and 10@L, respectively, which are = 5) of the overall methods was also evaluated at the same
higher than those in the previous case because of the ionizationconcentration levels and was expressed as relative standard
mode used. deviation (RSD).Table 1 shows the results, with RSD values

Method Validation. To check the feasibility of the LC-MS  lower than 11% for all compounds.
methods for the analysis of ascorbic acid, lycopene, and Application to the Analysis of SamplesOnce the analytical
p-carotene, in food commodities they were validated in tomato methods were validated, they were used for monitoring the target
matrix. compounds in food commodities. Our laboratory is certified by
Table 1 summarizes the main LC-MS and validation param- ISO 9001:2000, and so internal quality control criteria must be
eters determined for the compounds in this study. The identi- routinely applied to check if the system is under control. The
fication of the target compounds was carried out by searching set of samples analyzed each day was processed together with
the appropriate retention time windows (RTWSs). The RTW is (i) analysis of an extract of sample, analysis of an extract of
defined as the average of the retention times plus or minus 3sample spiked after the extraction, and analysis of an extract of
times the standard deviation of retention time when 10 samplessample spiked before the extraction to assess the extraction
were analyzed. For ascorbic acid, the confirmation of the efficiency; real samples were analyzed if recoveries were
previously identified compound was done by the ion ratio between 70% and 120%; (ii) calibration curves prepared daily
obtained from the ratio of the intensity of two ions for the same to check both sensitivity and linearity in the working range of
compound. However, fof-carotene and lycopene, it was not concentrations & > 0.9 are requested); and (i) 10% of
possible to find fragment ions, and the confirmation was carried duplicated and blind samples.
out monitoring the protonated molecular ion M H]™". The proposed methods have been applied to the analysis of
The linearity of the method was studied by the method of the target compounds in four varieties of tomatoes to compare
standard additions of the compounds at different concentrationtheir contents of these important compounds. The analyzed
levels in the range 0:21 mg/L. In this calibration method, a  samples were chopped and stored in individual polyethylene
sample extract is used for preparing the calibration curve. It bags at—24 °C in our laboratory for 1 month. The ascorbic
was used because neither blank matrix samples for the targetacid analysis and the preparation of the standards were realized
analytes can be found nor matrix matched calibrations, that is, in a short period of time because the ascorbic acid is easily
calibrations that have a similar composition to that of tomato oxidized in solution, especially when it is exposed to the heat.
or fruit samples, can be prepared. So, linear calibration graphsit was found that in all the varieties of tomato, the raf variety
were constructed by least-squares regression of concentratiorshowed the higher amounTdble 2). The influence of the
versus peak area of the calibration standards. Good linearity process of freezing was evaluated for the cases of daniela and
was found in the concentration range tested, with determination rambo tomatoes. When the samples are chopped, extracted, and
coefficients (#) higher than 0.98 in all cases. analyzed the same day, the content in ascorbic acid is higher
Detection (LODs) limits and quantification (LOQs) limits of  than in the case when frozen vegetables samples are used. 231
target analytes were determined as the lowest concentrationand 228 mg/Kg were found in daniela and rambo tomatoes,
levels that yielded a signal-to-noise (S/N) ratio of 3 and 10 respectively, when vegetables were analyzed the same day that
(when the quantification ion was monitored)#n5). They are they were bought. Thus, in the process of freezing, losses of
shown inTable 1 with values of 10 and 2ag/L for LOD and approximately 50% are produced.
50 and 10Qug/L for LOQ for ascorbic acid and carotenoids, [-Carotene and lycopene were also found in the four varieties
respectively. of tomatoes. The results indicated that the raf variety also has
The recovery rate of each compound was evaluated to assesghe highest content in both vegetable pigmefitable 2). In
the extraction efficiency of the proposed methods. For that, general, according to the bibliography, tomatoes have a higher
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Figure 3. Chromatogram of lycopene (1) and j3-carotene (2) in a tomato sample, obtained by two coupled Cyg columns at 30 °C, and using as mobile
phase a mixture of methanol, tetrahydrofuran, and acetonitrile (60:30:10 v/v/v) in isocratic mode.
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Figure 4. Chromatogram of ascorbic acid in a tomato sample, obtained by two coupled Cyg columns at 30 °C, and using as mobile phase a mixture of
70% methanol (0.005% acetic acid) and 30% acetic acid 0.05% in isocratic mode.

amount of lycopene thagftcarotene, mainly becaugecarotene On the other hand, analyses on the contents of the target
is more efficiently converted to vitamin A than other caro- analytes in processed food samples (dried tomato and tinned
tenoids. tomato enriched) were also carried out. A lower amount of
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ascorbic acid in dried tomato than in tinned tomato was found (11) Lee, M. T.; _Ch_en, B. H. Separation of Lycopene and lIts cis
because of the accused manipulation of the sample. In addition, Isomers by Liquid Chromatographghromatographie2001, 54,

the ascorbic acid is a water-soluble vitamin, so usually it is
eliminated in the water and it is easily oxidized in solution.
The tomato in tin had a high content in acid because it was an
entire tomato enriched with the juice of a tomato. Finally, the
methods were applied to the analysis of ascorbic acid, lycopene
and f-carotene in kiwi and mango fruits, with kiwi being the
commodity with the highest content of ascorbic acid and the
lowest content of lycopene of all the analyzed commodities.
Mango also showed a low content in lycopene.

Conclusion. To minimize time, labor, and cost, a rapid
method for the determination of ascorbic acid in food com-
modities was optimized using reversed phase liquid chroma-
tography with mass spectrometry detection. There were differ-
ences in the amount of ascorbic acid in the different varieties
of tomatoes studied, with the raf tomato being the richest in

ascorbic acid, although the highest ascorbic acid content was

found in kiwi. Losses of ascorbic acid are produced when the

samples are frozen, as well as in manipulated foods because
of, for example, the oxidation process. Processed tomatoes still
contained high amounts of the investigated parameters, which
is one reason for recommending the intake of these products.

On the other hand, a method for the determination of two

613—618.

(12) Talwar, D.; Ha, T. KK.; Cooney, J.; Brownlee, C.; St JO'Reilly,
D. A routine method for the simultaneous measurement of retinol,
o-tocopherol and five carotenoids in human plasma by reverse
phase HPLCCIin. Chim. Actal1998,270, 85-100.

, (13) Hagiwara, T.; Yasuno, T.; Funayama, K.; Suzuki, S. Determi-

nation of lycopeneg-carotene ang-carotene in serum by liquid
chromatography-atmospheric pressure chemical ionization mass
spectrometry with selected-ion monitoring. Chromatogr., B
1998,708, 6773.

(14) Kissmeyer, A. M.; Sonne, K. Sensitive analysis af,25-
dihydroxyvitamin D3 in biological fluids by liquid chromatog-
raphy-tandem mass spectromettyChromatogr., 2001,935,
93-103.

(15) Vaule, H.; Leonard, S. W.; Traber, M. G. Vitamin E delivery to
human skin: studies using deuteratedocopherol measured
by APCI LC-MS.Free Radical Biol. Med2004,36, 456—463.

(16) Heudi, O.; Trisconi, M. J.; Blake, J. C. Simultaneous quantifica-
tion of Vitamins A, D, and E in fortified infant formulae by
liquid chromatography-mass spectrometdy.Chromatogr., A
2004,1022, 115—123.

(17) Breithaupt, D. E.; Wirt, U.; Bamedi, A. Differentiation between
Lutein Monoester Regioisomers and Detection of Lutein Diesters
from Marigold Flowers Tagetes erectd.) and Several Fruits
by Liquid Cromatography-Mass Spectrometdy.Agric. Food
Chem.2002,50, 66-70.

carotenoids is also proposed. As in the previous case, there were (18) Gil, M. I., Tomas-Barberan, F. A.; Hess-Pierce, B.; Kader, A.

differences in the amount of these compounds in different

tomatoes studied. The raf variety also showed the highest

concentrations of lycopene angficarotene. Kiwi and mango
showed low contents of both carotenoids.
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