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In the present study the potential of reversed phase liquid chromatography (RPLC) and
hydrophilic interaction chromatography (HILIC) methods combined with tandem mass
spectrometry for the determination of L-ascorbic (L-AA) and dehydroascorbic (DHA) ac-
ids in fruit samples was investigated and compared. While both separation modes provide
good retention and resolution of acids, the HILIC method is considerably stronger affected
by a sample matrix. For the RPLC technique no significant matrix effect was observed
in any of the 10-fold diluted extracts from fruit matrices tested. In order to avoid matrix
effects in HILIC, the extracts required dilution factors of 50-100. Both methods showed
acceptable accuracy for the determination of L-AA in fruits. The obtained recoveries of
L-AA ranged from 86 to 105% and from 83 to 97% with RPLC and HILIC, respectively.
The RPLC system provided satisfactory recoveries (84-108%) of DHA with good precision
(RSD < 4.7%), while in HILIC some problems emerged. HILIC was not sensitive enough to
quantify DHA in apple and orange samples. In addition, DHA recoveries ranging from 114
to 135% and unacceptable precision with the RSD up to 24% were obtained for all samples
with HILIC.
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INTRODUCTION

acid (L-AA). L-AA is reversibly oxidized to dehydroascorbic
acid (DHA), which exhibits the same biological activity as its

Vitamin C is an essential micronutrient which plays a signifi-
cant role in human metabolic processes. It is mainly involved in
several biochemical processes, such as collagen synthesis, iron
intake and pulmonary function [1]. It is also recognized as an
antioxidant by reducing oxidative free radicals both in vivo and
in vitro [2]. Vitamin C deficiency can cause serious indisposi-
tion, that is why the recommended daily dose is 90-100 mg
per day [3]. Fresh fruits and vegetables are the most important
sources of vitamin C. The main form of vitamin C is L-ascorbic
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reduced form (Fig. 1). Therefore, the concentration of vitamin
Cis measured as a sum of the amounts of L-AA and DHA [4,5].

RPLC equipped with UV detection is by far the most com-
monly employed technique for the determination of L-AA and
DHA in various matrices [5-11]. However, the direct deter-
mination of both species in a single chromatographic run is
difficult because, in contrast to L-AA, DHA exhibits poor UV-
absorption properties. The most commonly used approach to
overcome that is the so-called subtraction technique, in which
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Fig. 1. Structures of acids studied
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DHA is determined as the difference between the total L-AA
after DHA reduction and the L-AA content of the original sam-
ple. Several reducing agents, such as dithiothreitol (DTT) [6, 8,
9,11] or tris(2-carboxy ethyl) phosphine hydrochloride [7, 10],
have been employed for this purpose. Alternatively, L-AA and
DHA can be determined in a single chromatographic run after
pre- or post-column derivatization and subsequent detection
by UV [12], electrogenerated luminescence [13], fluorescence
[14] or by dual UV-fluorescence [15] detection techniques.
However, the requirement for two separate runs and/or the ad-
ditional reduction/derivatization procedures makes these as-
says time-consuming and may cause unexpected degradation
of the analytes.

The above mentioned problems can usually be avoided by
using liquid chromatography coupled to mass spectrometry
(LC-MS). The LC-MS technique not only enables the direct de-
tection of both analytes, but also has significant advantages of
higher sensitivity and selectivity. During the last decade, LC-MS
has become a major technique in analytical laboratories, espe-
cially in the biotechnology, pharmaceutical and food industries
[16]. It is somewhat surprising that only one work has been
published on the use of LC-MS technique for the simultaneous
determination of L-AA and DHA in fruits and vegetables [17].
The most recent study by Szultka et al. [18] describes the ap-
plication of LC-MS to evaluate the stability of L-AA and to
characterize its degradation products. However, the proposed
method was validated only for L-AA without its application to
real samples.

The other drawback of RPLC is that conventional RP sta-
tionary phases do not provide sufficient retention of small
very polar molecules. Highly aqueous mobile phases [6-11]
or ion-pairing additives [12, 19] are therefore required for
sufficient retention and adequate resolution. However, such
approaches are associated with stationary phase de-wetting
under highly aqueous conditions and poorer ionization when
coupled to MS.

Hydrophilic interaction chromatography (HILIC) is con-
sidered to be an attractive and advantageous chromatographic
technique for the separation of very polar and ionizable com-
pounds [20, 21]. This technique uses a polar stationary phase
in conjunction with a mobile phase consisting of a polar or-
ganic solvent (typically acetonitrile) containing an appreciable
amount of water and retains analytes with increasing the order
of hydrophilicity. The large percentage of acetonitrile (=60%)
in the HILIC mobile phase enables facilitated solvent evapora-
tion in LC-MS sources and thus often an increase in the ana-
lyte response when compared to more aqueous based systems
[22]. Taking all these factors into account, the HILIC technique
seems to be very promising for the determination of L-AA and
DHA. However, despite of the gained popularity of HILIC over
the past decade, only a limited number of reports have so far
been published on the present topic [23-26]. Moreover, most of
them have been focused on the determination of L-AA without
taking into account DHA. Only one study dealing with the si-
multaneous determination of L-AA and DHA in pharmaceuti-

cal preparations by HILIC with charged aerosol detection has
been published to date [26].

In the present study, RPLC and HILIC techniques com-
bined with tandem mass spectrometry were evaluated and
directly compared for the separation and quantification of
L-AA and DHA in fruits. In both techniques columns packed
with sub-2 um particles (ultra-high-performance liquid
chromatography) were employed, since this modern tech-
nology provides faster separations, better resolution, and
lower solvent consumption than conventional HPLC.

EXPERIMENTAL

Chemicals and reagents

Ultra-pure water was obtained from a Mili-Q Water Purifi-
cation System from Millipore (Bedford, MA, USA). Acetoni-
trile (ACN), formic acid, acetic acid and ammonium acetate
were of LC-MS grade and purchased from Sigma-Aldrich
(St. Louis, MO, USA). Ethylendiaminetetraacetic acid diso-
dium salt dihydrate (99-101%), DL-dithiothreitol (>99%),
L-Ascorbic acid (299%) and dehydroascorbic acid were also
from Sigma-Aldrich. Nylon filters of 0.20 pm pore size were
purchased from Carl Roth GmbH (Karlsruhe, Germany).

All solutions were prepared in amber glass bottles and vi-
als. Individual stock solutions of L-AA and DHA at 1 mg/mL
were freshly prepared in water containing 0.05% (w/v) EDTA
(pH 4.5). Working standard solutions were prepared no more
than 1 h prior to use by diluting stock solutions in aqueous
(for RPLC) or in 80:20 ACN/H,0 (for HILIC) solution con-
taining 0.05% (w/v) EDTA.

Instrumentation

All separations were carried out on a 1290 Infinity UHPLC
system connected to a 6410 triple quadrupole mass spec-
trometer, equipped with an ESI source (Agilent Technologies,
USA). The Acquity UPLC HSS T3 (2.1 x 100 mm, 1.8 um)
column (Waters, Milford USA) was employed for the separa-
tions in the RPLC mode. An aqueous 5 mmol/L formic acid
mobile phase was used at a flow rate of 0.25 mL/min.

The HILIC separation was performed on the Acquity
UPLC BEH Amide (2.1 x 100 mm, 1.7 um) column (Waters).
The mobile phase was a mixture of ACN and water (95:5,
v/v) containing 5 mmol/L formic acid and set at a flow rate
of 0.5 mL/min. For both separation modes the column tem-
perature was 20 °C and the injection volume was 2 pL.

The ESI source operated in the negative ion mode and
the selected reaction monitoring (SRM) was performed.
The ionization source parameters were optimized with both
analytes for each mobile phase composition and flow rate in
order to obtain maximum signal intensity. The nebulizer pres-
sure, capillary voltage and drying gas flow rate were identical
for both separation modes (60 psi, 4000 V and 10 L/min, re-
spectively), while the drying gas temperatures in RPLC and
HILIC were set at 320 and 280 °C, respectively. Data were ac-
quired and processed using the MassHunter software (Agilent).
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Sample preparation

Fruits were purchased from a local supermarket. The samples
were prepared according to a slightly modified procedure de-
scribed by Fenoll et al. [17]. Briefly, the representative amount
of the sample (~100 g) was homogenized using a blender and
1.00 g of fine homogenate was mixed with 10 mL of 0.05%
(w/v) EDTA solution in a centrifugation tube. The mixture
was thoroughly vortexed for 1 min and then centrifuged at
10000 x g for 10 min, using a centrifuge Sigma 3K30 (Sigma
Laborzentrifugen GmbH, Germany). The supernatant was
filtered through a 0.2 um nylon syringe filter and diluted at
the appropriate ratio with an aqueous (for RPLC) or with 80:20
ACN/H,0 (for HILIC) solution containing 0.05% (w/v) EDTA.
The samples were kept in amber vials and were analyzed im-
mediately after extraction.

RESULTS AND DISCUSSION

Characterization of DHA

Commercial L-AA is a pure compound and can be easily sta-
bilized in an aqueous solution under appropriate conditions,
while in the commercial DHA a certain amount of dimer
(2DHA) with two bicyclic monomers connected through two
oxygen atoms may be present [4]. Several previous studies
have shown that 2DHA is readily hydrolysed to DHA in slightly
acidic or neutral aqueous solutions [27, 28]. Thus, a freshly
prepared DHA solution may contain at least two compounds,
which amounts could change in time.

In order to evaluate the species formed from DHA in
the solution as well as their stability and possible transforma-
tions, DHA was dissolved in aqueous 10 mmol/L formic acid
(pH 2.9), 10 mmol/L ammonium acetate buffer (pH 5.0) and
10 mmol/L ammonium acetate (pH 7.0), aged for an appropri-
ate time, then diluted with 80:20 (v/v) ACN:H,0 and analyzed
by HILIC-ESI-MS. For the freshly prepared from the solid DHA
solution at pH 2.9 two peaks eluting at 0.98 and 1.90 min were
observed (Fig. 2a). After about 30 min incubation, the first elut-
ing DHA species was completely transformed into later elut-
ing compound and no further changes in the chromatographic
profile were observed after an aging period at least up to 3 h. By
contrast, the chromatographic profiles obtained after dissolu-
tion of DHA at higher pHs showed only one peak eluting at
1.90 min with no further changes in time (Fig. 2b).

The negative ion ESI mass spectra corresponding to
the peaks in Fig. 2a are presented in Fig. 3. The full scan spec-
trum of peak 1 (Fig. 3a) displays a predominant ion at m/z
347.0 which corresponds to the molecular ion of DHA dimer
[2DHA-H]". The less abundant ion at m1/z 383.1 corresponds
to the water adduct [2DHA+2H,0-H]" of DHA dimer, while
ions at m/z 521.1 and 695.1 may be attributed to the trimer
[3DHA-H]™ and tetramer [4DHA-H]" species, respectively.
Furthermore, a deprotonated monomer ion [DHA-H]" is also
observed at m/z 173.0.1t is likely that trimer and tetramer clus-
ters are formed by non-covalent aggregation through multiple
hydrogen bonds before or after the spray process. The full scan
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Fig. 2. Total ion chromatograms (full scan mode) of the DHA standard (100 mg/L)
obtained in the HILIC mode. (a) DHA dissolved in aqueous 10 mmol/L formic acid
(pH 2.9); (b) DHA dissolved in aqueous 10 mmol/L ammonium acetate buffer
(pH 5.0). For chromatographic conditions see the Instrumentation section
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Fig. 3. Negative ESI mass spectra corresponding to peak 1 (a) and peak 2 (b) of
Fig. 2a

mass spectrum of peak 2 (Fig. 3b) depicts the most abundant
molecular ion [DHA-H]- (m/z 173.0) and three less abundant
ones at m/z 227.0, 347.0 and 365.1 whose structures corre-
spond to [DHA+3H 0-H], [2DHA-H]" and [2DHA+H 0-H]",
respectively. The obtained results suggest that peaks 1 and 2
might be attributed to the dimeric and monomeric forms of
DHA, respectively.

Similar experiments were also performed in the RPLC
mode. The only difference was that in RPLC aqueous solu-
tions of DHA were injected. For the freshly prepared DHA
solution at pH 2.9 two peaks were observed, while the chro-
matographic profiles obtained for DHA standards dissolved



Comparison of RPLC and HILIC coupled with tandem mass spectrometry for the determination of ascorbic and dehydroascorbic... 55

x10°
1.8 1 a

1.4

—_
o

e
>N

% Intensity
(=]
(=]
w
>
wu
[SS]
o

[ )
b o o

o
)

<
NS

Counts vs acquisition time, min

Fig. 4. Total ion chromatograms (full scan mode) of the DHA standard (100 mg/L)
obtained in the RPLC mode. (a) DHA dissolved in aqueous 10 mmol/L formic acid
(pH 2.9); (b) DHA dissolved in aqueous 10 mmol/L ammonium acetate buffer
(pH 5.0). For chromatographic conditions see the Instrumentation section

at higher pHs showed only the first eluted peak (Fig. 4).

The full scan mass spectrum of peak 1 of Fig. 4a de-
picts the most abundant molecular ion [DHA-H]~ at m/z
173.0 and a less abundant ion [DHA+3H O-H] at m/z
226.9 (Fig. 5a). The mass spectrum of peak 2 of Fig. 4a dis-
plays a predominant ion at m/z 364.9 which corresponds to
the water adduct [2DHA+H,0-H]" of DHA dimer (Fig. 5b).
The less abundant ion at m/z 191.0 corresponds to the water
adduct [DHA+H,0-H]". No cluster formation was observed
in RPLC likely because the hydrogen bonding between DHA
molecules is suppressed in the aqueous phase.

Based on the above results, it can be concluded that
the formation of DHA dimer can be avoided by aging
the freshly prepared solution of DHA for about 30 min before
further use or by dissolving DHA at pHs higher than 4.
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Fig. 5. Negative ESI mass spectra corresponding to peak 1 (a) and peak 2 (b) of
Fig. 4a

Finally, it is reasonable to raise the question whether
the commercial DHA can be used as a standard for quantifi-
cation of DHA. In order to address to this question, the DHA
standard at three concentration levels (1.0, 2.5 and 10 mg/L)
was reduced to L-AA with DTT in ammonium acetate buffer
(pH 5) as described in [29] and yields of L-AA were mea-
sured. The obtained recoveries of L-AA ranged from 97 to
99% indicating the suitability of the commercial DHA for
quantification purposes.

LC-MS

Series of experiments were performed to optimize the sepa-
ration and signal response conditions for L-AA and DHA ac-
ids in both, RP and HILIC separation modes, using isocratic
elution. For RPLC separations the Acquity UPLC HSS T3
column was selected. The universal, silica-based C18 bonded
phase used for the Acquity HSS T3 sorbents is compatible
with the aqueous mobile phase and exhibits superior reten-
tivity of very polar compounds. As expected, both acids were
most strongly retained under anion suppression conditions
using the acidified (5 mmol/L HCOOH) 100% aqueous mo-
bile phase.

For HILIC separations the Acquity UPLC BEH Amide
column was employed which, compared to conventional bare
silica HILIC phases, provides enhanced retention of acidic
solutes.

The final chromatographic conditions of the methods
compared here are detailed in the Instrumentation section
and the resulting chromatograms are shown in Fig. 6. Con-
sidering the twice higher mobile phase flow rate employed in
HILIC, this technique provides significantly better retentivity
for both analytes. Finally, it is interesting to note that the elu-
tion order is not reversed between RPLC and HILIC indicat-
ing that for the present analytes the two separation modes are
not orthogonal despite the different retention mechanisms.
The elution order of the acids obtained in our study by HILIC
agrees with those found by Novakova et al. [26]. However,
some contradictory results have been reported with respect to
the elution order of L-AA and DHA in RPLC employing con-
ventional C18 phases [17, 18]. DHA was eluted before L-AA
with a mobile phase of 0.2% formic acid in water [17], where-
as an opposite elution order was observed using a mobile
phase of 0.085% formic acid in methanol/water (30:70 v/v)
[18]. The reason for the reversal in the elution order of L-AA
and DHA under an identical separation mode is not known.
Clearly, some of analyte/mobile phase properties (e. g. pK,
and pH values) are affected by the solvent composition. Thus,
it is likely that the change in the mobile phase composition
(pure water vs methanol/water) affects the analytes in differ-
ent extent causing elution order reversal.

The mass spectra obtained for analyte standard solutions
showed major deprotonated ions m/z = 175 for L-AA and
m/z = 173 for DHA. Next, the full scan product-ion spec-
tra of the analytes were investigated to determine the most
abundant product ions for SRM. Major 115 and 87 product
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Fig. 6. Extracted ion chromatograms illustrating separation of DHA (1.0 mg/L) and L-AA (2.0 mg/L) by RPLC (a) and HILIC (b). For chromatographic conditions see

the Instrumentation section

ions were observed for L-AA, whereas DHA collision induced
dissociation led to 143 and 113 fragment ions. Fragmen-
tor voltages and collision energies were optimized for each
compound to obtain two SRM transitions. The most intense
product ion was used for quantification, whereas the second
one was used to complete the identification. The SRM transi-
tions, fragmentor voltages and the collision energies of each
analyte are presented in Table 1.

Table 1. Optimal SRM transition parameters for studied acids (selected
quantification transitions are in bold)

Analyte Tra'::i/tzim' Fragment‘(;r voltage, Collisio:Venergy,
L-AA 175> 115 110 5
175> 87 110 17
DHA 173> 143 920 4
1735113 920 3

Stability and matrix effects

Stability is a key problem of L-AA and DHA analysis because
the compounds are known to be very unstable in an aque-
ous solution. L-AA can be stabilized in the solution by adding
various stabilizing agents, among which m-phosphoric acid
(MPA) has been most widely used [5]. However, MPA is not
compatible with the HILIC separation mode due to its lim-
ited solubility in acetonitrile-rich mobile phases. Although
MPA concentrations in the range of 5-10% are usually used
for stabilization, even at 1% concentration it precipitated in
our HILIC mobile phase. A similar behaviour was also ob-
served in other study [24]. Other stabilizers, such as o-phos-
phoric acid [24], EDTA [17] or trichloroacetic acid [30], were
also found to be efficient. In this study, EDTA was chosen as

a stabilizer because of its good compatibility with both RP
and HILIC mobile phases as well as with MS. The stability of
L-AA and DHA in the aqueous 0.05% (w/v) EDTA solution
(pH 4.5) was briefly investigated. For the three concentration
levels tested (1.0, 2.5 and 10 mg/L) both analytes remained
stable for at least two hours.

One significant drawback of ESI-MS is that the ionization
process is greatly affected by coeluting matrix compounds
[31]. The matrix effect typically results in the suppression or,
less frequently, the enhancement of the analyte signal. In this
work, the matrix effect was evaluated by the post-extraction
spike method [32]. Ten-fold diluted extracts from three fruit
matrices (apple, kiwi and orange) were spiked with analytes
at different concentrations (2.5-25 mg/L for L-AA and 0.5-
5 mg/L for DHA) and the slopes of the calibration plots were
compared with those obtained from pure solution standards.
Table 2 compares the slope ratios matrix/solvent for both
analytes in the matrices evaluated. The results show that for
the RPLC technique no significant matrix effect was observed
in any of the 10-fold diluted matrices tested. By contrast,
using the HILIC mode, significant matrix effects (except for
L-AA in kiwi), from 29 to 68% signal suppression, were ob-
tained for both acids in the orange and for DHA in the kiwi
matrix. Less common behaviour was observed for the apple
extract where the signal response was enhanced by the ma-
trix. The HILIC method is considerably stronger affected
by the matrix, probably due to highly polar compounds of
the fruit matrices being strongly retained in HILIC and
therefore more likely to co-elute with the analytes studied. In
addition, under HILIC conditions sequential injection of 10-
fold diluted extracts was accompanied by a gradual increase
in the system back pressure. After 20 injections the column
back pressure has increased approximately by 14% over its
initial value. This was accompanied by retention time shifts
and broader peaks. The reason for this behaviour can most
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Table 2. Slope ratios between matrix-matched (S ) and solvent (S) cali-
bration (n = 3, extract dilution factor of 10)

SufSs
LC method Matrix

L-AA DHA

RP Apple 0.99 0.96

Kiwi 0.93 1.05

Orange 0.96 0.98

HILIC Apple 1.26 1.50
Kiwi 1.06 0.71

Orange 0.66 0.32

likely be attributed to the precipitation of polar matrix com-
pounds in the highly organic HILIC mobile phase. Although
the flushing of the column with a 20 minute gradient from
10 to 100% water was sufficient to restore the initial column
performance, the need of periodic column flushing makes
the method hardly suitable for routine applications. Thus,
the standard addition protocol often used for quantification
purposes to compensate for matrix effects cannot be used in
this case. Common approaches, which may be employed to
reduce matrix effects and to improve extract compatibility
with an organic-rich mobile phase, include an additional ex-
tract clean-up procedure, further diluting of the extract or
taking less amount of the sample for the extraction. It should
be noted that the second and third approaches can actually
be considered as the same. Clearly, an effective sample clean-
up procedure is the ideal approach to remove matrix effects
and to enhance extract compatibility with the HILIC mobile
phase, but extensive sample preparation steps may be time-
consuming and bring about the risk of loss of unstable ana-
lytes. Furthermore, it is a difficult or perhaps even impossible
task to find the clean-up protocol for the effective isolation
of the polar analytes from other polar matrix compounds.
In a recent study by Stahnke et al. [33] the relationship be-
tween matrix concentration and suppression of ESI-MS was
investigated for 39 pesticides in several fruit and vegetable
matrices. The authors showed that the slope but not the bias
of calibration curves is affected by the matrix and the extent
of matrix effect does not depend on analyte concentration.
Thus, a complete elimination of all matrix effects by appro-
priate dilution of sample extracts is possible. Although this
approach leads to reduced detectability, it was still employed
in our study. It was found that to avoid precipitation of matrix

compounds and to minimize signal suppression/enhance-
ment effects for both analytes to an acceptable level (<10%),
the extracts of kiwi must be diluted by a factor of 50, whereas
the extracts of apple and orange required a dilution factor of
100. Thus, dilution of the extracts by a factor of 100 was used
in subsequent HILIC separations.

Analytical performance

Both methods were evaluated for linearity, LODs and LOQs, ac-
curacy and precision. Linearity was measured with the solvent-
based seven-point calibration curve (three replicates). LODs
and LOQs were evaluated from the calibration curves based
on the standard deviation (SD) of the response (y-intercepts
of regression lines) and the slope S according to the following
formulas: LOD = 3.3(SD/S) and LOQ = 10(SD/S). Linearity
ranges as well as LODs and LOQs provided for L-AA by RPLC
and HILIC are similar, while for DHA only approximately twice
lower LOD and LOQ values were obtained by HILIC (Table 3).
Oftentimes, the highly volatile organic mobile phase in HILIC
provides higher desolvation efficiency, leading to a significant
sensitivity increase in ESI-MS when compared to RPLC [34].
However, expected gain in sensitivity under HILIC was not ob-
served in our case. Due to the complexity of the ESI process, it
is difficult to explain such behaviour. Of course, solvent vola-
tility is not the unique factor that determines sensitivity dif-
ferences between both chromatographic modes. The response
should be inversely proportional to analyte pK , a measure of
analyte acidity [35]. In the presence of a large amount of ACN
both acidic and basic analytes should exhibit higher pK_ values
compared with the aqueous pK . This means that under HILIC
basic analytes become more basic exhibiting a higher ioniza-
tion degree, while acidic ones become less acidic with lower
ionization degree. Thus, this factor may affect the response for
basic and acidic analytes in opposite directions and the gain in
sensitivity between HILIC and RPLC for basic compounds may
be much more significant than for acidic ones. To date, most
studies dealing with comparison of ESI-MS sensitivity between
RPLCand HILIC have focused on basic analytes and, as expect-
ed, enhanced sensitivity with positive ion ESI-MS in HILIC has
been obtained for most compounds [35-37]. Recently, Huff-
man et al. [38] extensively examined the effect of polar solvents
on a negative ion ESI response of small acidic compounds. It
was found that for the majority of test compounds responses
followed the order methanol > water > acetonitrile > ac-
etone. The LODs obtained in this work for L-AA and DHA by

Table 3. Calibration data, LODs and LOQs for the HILIC and RPLC methods (n =3)

HILIC RPLC
Parameter
L-AA | DHA L-AR DHA
Linear range, pg/mL 0.10-50.0 0.10-25.0 0.10-50.0 0.10-25.0
Regression equation y=2401x - 448 y=754.6x-483 y=2368x-639 y=597.0x - 23.7
R? 0.9988 0.9990 0.9991 0.9943
LOD, ng/mL 34 15 31 26
LOQ, ng/mL 103 44 93 90
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RPLC-MS are comparable with those achieved using a similar
technique [17]. Unfortunately, there are no reports on HILIC-
MS of the acids studied. In conclusion, considering 10-times
smaller dilution factors required for RPLC to avoid matrix
effects, this technique exhibits overall better sensitivity.

Finally, the analysis of three samples of fruits of differ-
ent types were analysed for L-AA and DHA by both me-
thods (Table 4). In order to evaluate the accuracy of the me-
thods recovery tests were carried out at three concentration
levels. The amounts of L-AA determined in all three sam-
ples showed a good correlation between both methods.
The obtained recoveries of L-AA ranged from 86 to 105%
and from 83 to 97% with RPLC and HILIC, respectively.
Both techniques showed adequate precision for L-AA with
RSD values ranged from 1.2 to 4.8%. Slightly higher RSDs
obtained with HILIC might be attributed to the 10-times
lower L-AA concentrations present in the final extracts
taken for the analysis. Thus, it can be concluded that both
methods have shown acceptable accuracy and precision for
the determination of L-AA in fruits but the RPLC should be
preferred due to the better sensitivity.

Much more significant differences between the two
methods were observed by the DHA analysis. The RPLC sys-
tem provided satisfactory recoveries (84-108%) of DHA with
good precision (RSD < 4.7%), while in HILIC some problems
emerged. First of all, the HILIC was not sensitive enough to
quantify DHA in 100-fold diluted extracts of apple and or-
ange samples. Furthermore, considerably higher than 100%

DHA recoveries ranging from 114 to 135% and unaccept-
able precision with the RSD up to 24% were obtained for all
samples with HILIC. It should be noted that when only L-AA
to the samples was added, a slight increase in the initial DHA
peak was observed under HILIC conditions. However, there
was no correlation between the concentration of L-AA added
and the peak area of DHA formed. In addition, when a re-
covery test by adding of only DHA to the apple sample was
performed with HILIC, satisfactory recoveries ranging from
91 to 105% (RSD < 7.9%) were obtained. These results sug-
gest that most likely an unexpected transformation of added
L-AA to DHA during the separation in the acetonitrile-rich
HILIC mobile phase takes place. To explain the transfor-
mation mechanism further more detailed experiments are
planned in our lab.

CONCLUSIONS

RPLC and HILIC techniques were evaluated and compared
for the LC-MS determination of L-AA and DHA acids in fruit
samples. Both methods demonstrated sufficient resolution of
the acids but the HILIC technique provided better retentiv-
ity. When working with solvent-based standard solutions,
both RPLC and HILIC separation modes have shown com-
parable linearity and sensitivity. One of the major advantages
of using RPLC over HILIC with ESI-MS is the higher toler-
ance to the fruit sample matrix. In HILIC much more sig-
nificant signal suppression was observed. In addition, due to

Table 4. Average values of L-AA and DHA determined (mg/100 g in fresh weight basis) in different fruits, accuracy and precision data (n = 3)

Sample Analyte RPIC HILIC
Found, mg/100 g | Added, mg/100 g | Recovery, % | Found,mg/100g | Added, mg/100g | Recovery, %
L-AA 15.5 (2.4) 10.0 86 (3.1) 15.1 (4.5) 10.0 83 (4.8)
25.0 98 (2.7) 25.0 94 (5.2)
100 95 (2.5) 100 93 (4.4)
Apple
DHA 2.33(3.8) 2.50 84 (4.4) NDP 2.50 135(15.2)
10.0 92(3.2) 10.0 122 (18.5)
25.0 88 (3.5) 25.0 119 (13.6)
L-AA 108 (1.6) 10.0 105 (1.2) 102 (3.5) 10.0 89(3.6)
25.0 101 (1.8) 25.0 86 (2.9)
Kiwi 100 95(1.5) 100 95 (3.3)
DHA 23.1(3.6) 2.50 100 (2.8) 25.5(8.2) 2.50 129 (22.0)
10.0 91 (3.4) 10.0 118 (16.4)
25.0 95 (2.0) 25.0 114 (12.2)
L-AA 45.4(2.3) 10.0 94 (3.4) 43.0 (3.8) 10.0 95 (3.5)
25.0 92(3.2) 25.0 88(3.1)
100 98(1.9) 100 97 (2.5)
Orange
DHA 3.86 (4.5) 2.50 108 (4.7) ND 2.50 126 (24.2)
10.0 104 (4.1) 10.0 120 (14.0)
25.0 98 (3.8) 25.0 119 (18.4)

2Values in parentheses are %RSD (n = 3).
b Not determined (below the LOQ).
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the precipitation of polar matrix compounds in the highly
organic HILIC mobile phase a gradual increase in the system
back pressure appeared. Although matrix effects were elimi-
nated by 100-fold dilution of sample extracts, such extra dilu-
tion enhances LOQs/LODs for the analytes. Therefore HILIC
was not sensitive enough to quantify DHA in apple and or-
ange samples. Finally, overestimation of DHA with poor pre-
cision was obtained in the HILIC mode.
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Lukas Taujenis, Vilma Ol$auskaité, Audrius Padarauskas

RPLC-MS IR HILIC-MS METODU PALYGINIMAS
ASKORBO IR DEHIDROASKORBO RUGSTIMS
VAISIUOSE NUSTATYTI

Santrauka

Atvirks¢iy faziy (RPLC) ir hidrofilinés saveikos (HILIC) skys¢iy
chromatografijos-tandeminés masiy spektrometrijos metodai i$-
tirti ir palyginti L-askorbo (L-AA) bei dehidroaskorbo (DHA)
riigétims vaisiuose nustatyti. Abiem metodais ragstys sulaikomos
ir gerai atskiriamos, ta¢iau HILIC metodas yra stipriau veikiamas
meéginiy matricos. Analizuojant 10 karty praskiestus vaisiy eks-
traktus RPLC metodu, méginio matricos jtaka nereikéminga. Ma-
tricos poveikiui pasalinti HILIC metodu ekstraktus batina skiesti
50-100 karty. Abiem metodais L-AA nustatymo tikslumas yra tin-
kamas kiekybinei analizei. L-AA i$gavos i§ vaisiy sudaro 86-105 %
(RPLC metodas) ir 83-97 % (HILIC metodas). DHA nustatymo
RPLC metodu charakteristikos taip pat geros (iSgavos 84-108 %,
RSD < 4,7 %). Ta¢iau HILIC metodo jautris nepakankamas DHA
obuoliuose ir apelsinuose nustatyti. Be to, DHA nustatymo HILIC
metodu tikslumas (i$gavos 114-135 %) ir glaudumas (RSD < 24 %)
netenkina kiekybinei analizei keliamy reikalavimy.



