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Abstract A simple, cheap, and reliable capillary zone electro-
phoresis (CZE)methodwith indirect UV detection to determine
themain organic acids in several fruit juices has been developed
in this work. The parameters affecting CZE separation includ-
ing the chromophore reagent (2,6-pyridinedicarboxylic acid,
PDC) concentration and pH in background electrolyte
(BGE), temperature, and applied voltage were studied. The
analytical parameters of the method as linearity, precision,
and detection and quantification limits were also investigated.
The proposedmethod was applied to the evaluation of organic
acid contents of commercial fruit juices from apple, grape,
mandarin, orange, and pineapple and comparedwith the levels
allowed by European legislation. A chemometric technique
such as linear discriminant analysis (LDA) was also applied
to differentiate fruit juices based on CZE data. This simple and
reliable developed procedure allows a rapid control of adul-
teration of high-value commercial fruit juices, which consti-
tutes an important tool for authenticity texting in food indus-
tries and regulatory agencies.

Keywords Fruit juice . CZE . Indirect detection . Organic
acids . Quality control . Linear discriminant analysis

Introduction

Fruit juice is considered to be one of the healthiest foods in
human diet, due to their well-known reported health benefits

(source of natural vitamins and antioxidants, anti-
inflammatory properties, prevention of chronic diseases, etc)
(Jandric et al. 2014). In this sense, commercial prepared juices
claim to preserve these nutritional and healthy effects. For
these reasons, fruit juices demand higher prices compared to
other types of liquid refreshments and they can be targets of
adulteration. The most common forms of adulteration that
occur within the fruit juice industry usually include dilution
with water, addition of sugars or other additives, or blending
with cheaper fruit juices (Fügel et al. 2005; Saavedra et al.
2000). However, detection and prevention of adulteration is
a very complex task due to the natural variation in the culti-
vars, storage conditions, and processing techniques. In this
regard, the European Fruit Juice Association and other regu-
latory agencies have provided procedures for assessing fruit
authenticity and quality control (AIJN 2010). Due to the di-
versity in adulteration techniques, a pool of analytical
methods based on the identification and quantification of sev-
eral compounds (carbohydrates, phenolic compounds, amino
acids, inorganic anions, etc.) have been proposed (Jandric
et al. 2014; Wiley 2014; Simó et al. 2002; Simó et al. 2004;
Moretti Passos et al. 2016; Fung and Lau 2003), with the
measurement of organic acids always considered (Mato
et al. 2005; Ehling and Cole 2011; Kelebek et al. 2009;
Saavedra et al. 2000; Saavedra et al. 2001; Scherer et al.
2012; Fung and Lau 2003). Thus, organic acids showed dif-
ferent profiles in fruit juices, which undoubtedly influence on
the organoleptic (e.g., flavors, freshness, or spoilage) and
chemical features of the juice (e.g., pH, total acidity)
(Chinnici et al. 2005), providing also useful Bfingerprints^
for authenticity purposes (Cordella et al. 2002; Ehling and
Cole 2011; Kvasnicka 2005; Saavedra et al. 2000; Shui and
Leong 2002). For instance, the presence of tartaric acid in high-
value juices (e.g., orange and pineapple) allows the detection
of grape juice addition (AIJN 2010; Ehling and Cole 2011;
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Saavedra et al. 2000). Similarly, excess of malic acid can be
used as an indicator of apple juice addition to a more expensive
juice. Also, the evaluation of some minor organic acids has
demonstrated to be a useful tool to detect the adulteration
(Coppola et al. 1995). In particular, the presence of high con-
tents of isocitric acid, which occurs at much lower concentra-
tions than other organic acids, is too expensive to be used with
fraudulent purposes (Sadecka et al. 2001). Thus, it could be
used to establish authenticity and quality of citrus juices (Jezek
and Suhaj 2001; Kvasnicka et al. 2002). In fact, the ratio of
citric acid to isocitric acid has been used as one of the param-
eters to ascertain a chemical profile of authentic fruit juices.
For example, when the citric/isocitric ratio in orange juice is
above 130, it may be indicative of fruit juice adulteration (ad-
dition of sugars, citric acid and water) (AIJN 2010). Fumaric
acid is also used as an important parameter to detect the pres-
ence of microbial spoilage or the processing of decayed fruits
(Trifirò et al. 1997; Kvasnicka and Voldrich 2000). According
to AIJN guidelines (AIJN 2010), the content of fumaric acid in
apple juices is limited to 5 mg L−1. A high content of this
organic acid indicates adulteration due to addition of synthetic
L-malic acid and overprocessing of apple juice (Evans et al.
1983; Gökmen and Acar 1998; Kvasnicka and Voldrich 2000).

Several analytical methods to determine these aliphatic or-
ganic acids in fruit juices have been described in the literature,
including enzymatic (Stój and Targonski 2006; Boehringer
1992) and chromatographic (Chinnici et al. 2005; Cunha
and Fernandes 2002; Ehling and Cole 2011; Kelebek et al.
2009; Scherer et al. 2012; Shui et al. 2002; Ortega et al.
2001, Zhang et al. 2011; Schwarz et al. 2011; Association of
Official Analytical Chemists International OfficialMethods of
Analysis 2008) methodologies. Enzymatic methods for some
organic acids require specific kits, which make them expen-
sive and inadequate for the simultaneous analysis of all target
organic acids. Within chromatographic methods, high perfor-
mance liquid chromatography (HPLC) is more frequently
employed, but sample pre-treatments have to be implemented,
which undoubtedly slows down its application in food quality
control. Compared with these methodologies, capillary elec-
trophoresis (CE) offers some advantages such as high separa-
tion efficiency, rapid analysis, small sample consumption, and
short analysis time, without the need to carry out some sample
extraction (or derivatization) steps which are often necessary
in chromatographic methods. Thus, organic acids can be de-
tected using either direct (Mato et al. 2007; Saavedra et al.
2000; Navarro-Pascual-Ahuir et al. 2015) or indirect UV ab-
sorption, with the latter mode to monitor solutes that have no
or scarce UV-vis absorbance, such as most organic acids. In
this sense, different electrolyte systems have been proposed,
generally containing quaternary ammonium salts as electroos-
motic flow (EOF) reversers, and either chromate (Arellano
et al. 1997; Wu et al. 1995), phthalate (Wu et al. 1995),
1,3,5-benzenetricarboxylic acid (Fung and Lau 2003), or

2,6-pyridinedicarboxylic acid (PDC) (Soga and Ross 1997;
Öztekin and Erim 2001; Villiers et al. 2003; Markuszewski
et al. 2003), among others, as chromophoric agents. Despite
the number of CE methods published in the literature, as far as
we are concerned, none matched our requirements of cheap,
fast, and accurate determination of both major and minor or-
ganic acids (e.g., citric in apple, isocitric in orange, fumaric in
apple) in fruit juices. Few works (Saavedra et al. 2000;
Navarro-Pascual-Ahuir et al. 2015) have been reported on this
topic using UV direct detection with coated capillaries, which
substantially increases the analysis costs. On the other hand,
an important point to be considered in the analysis of these
matrices is to assure a satisfactory resolution to quantify minor
compounds migrating next to major ones (e.g., citric/isocitric
pair). Moreover, the fumarate analysis has problems due to its
UV-absorbance at the same wavelength as several chromo-
phores (Arellano et al. 1997; Kenney 1991). Taking into ac-
count all these aspects, and the growing demand in such or-
ganic acid analysis in fruit juice quality control and authenti-
cation, it is important to develop cheaper, faster, and reliable
procedures where high analysis throughput can be
implemented.

In this work, a capillary zone electrophoresis (CZE) meth-
od with indirect UV detection for the analysis of organic acids
(fumaric, tartaric, malic citric, and isocitric acids) in several
fruit juices was developed. The separation of these analytes
was optimized in terms of an anionic chromophore (PDC)
content in the BGE, pH, and other instrumental parameters.
The developed method was applied to the quantitation of or-
ganic acids in different commercial fruit juices and its impli-
cations for authenticity testing. Finally, using organic acid
concentration ratios as predictors, a linear discriminant analy-
sis (LDA) model was constructed to classify juices according
to the type of fruit employed.

Material and Methods

Chemicals and Samples

The following analytical grade reagents were used: sodium
hydroxide (NaOH), PDC, and cetyltrimethylammonium bro-
mide (CTAB) (Sigma-Aldrich, St. Louis, MO). Deionized
water (Barnstead deionizer, Sybron, Boston, MA) was also
used. The analytical standards were oxalic (used as internal
standard, IS), fumaric, isocitric, malic, tartaric, and citric acids
(Sigma-Aldrich). Individual stock solutions of organic acids
were prepared in water at 10,000 μg mL−1, except for isocitric
and fumaric acids, which were 500 and 100 μg mL−1, respec-
tively. The 40 fruit juices employed in this study, 8 for each
type of fruit (see Table 1), were purchased from the Spanish
market.
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Instrumentation and Procedures

An HP3D CE system (Agilent, Waldbronn, Germany) provid-
ed with a diode array spectrophotometric detector and uncoat-
ed fused-silica capillaries (Polymicro Technologies, Phoenix,
AZ) of 112.5 cm length (104 cm effective length) × 75 μm id
(375 μm o.d.) were used. Prior to use, new capillaries were
successively flushed with 1 and 0.1 M NaOH and water at
60 °C for 10 min each. Between runs, the capillary was
flushed with BGE for 5 min. Samples were injected hydrody-
namically at 50 mbar × 4 s. Separations were performed at
−25 kV at 10 °C. Indirect detection was done at 214 and
271 nm. Before injection, all solutions were filtered through
0.45-μm pore size nylon filters (Albet, Barcelona, Spain). The
optimal BGE consisted of 10 mM PDC as chromophore and
0.5 mM CTAB (to reverse the direction of the EOF) at pH of
3.2. Data acquisition was performed with ChemStation

Software (Rev.A.10.01, Agilent). Statistical data treatment
was performed using SPSS (v. 15.0, Statistical Package for
the Social Sciences, Chicago, IL).

Sample Preparation

Fruit juices, previously refrigerated at 5 °C, were centrifuged
at 10,000 rpm for 10 min. The supernatant was 1:10 (v/v)
diluted with deionized water, and for quantification purposes,
the IS at 100 μg mL−1 was also added. This dilution ratio was
selected in order to obtain an organic acid concentration with-
in the linear range of calibration curves. However, for apple
juices, quantification was also performed using a 1:1 (v/v)
dilution due to the low content of fumaric acid in these sam-
ples (<5 μg mL−1) (AIJN 2010). The samples were analyzed
in triplicate.

Table 1 Type of juice, brand,
content, and sample code of the
juices employed in this study

Juice Brand Content Sample Code

Apple Aliada Apple juice from concentrate A1

Hipercor Apple juice A2

Lambda Organic apple juice from concentrate A3

Homemade Squeezed apple juice A4

Tropicana Apple juice 100%, ascorbic acid A5

Auchan Apple juice A6

Grape Don Simon 100% pure grape juice made from muscat grapes G1

Must Don Simon Juice from concentrate grape juice and citric acid G2

Must Greip Grape juice from concentrate, citric acid G3

Capel Grape juice from concentrate, water, CO2, citric
acid, ascorbic acid

G4

Lambda Juice and pulp of organic grape G5

Consum Red grape juice, water, citric acid, ascorbic acid G6

Mandarin Don Simon 100% pure mandarin juice, no pulp, rich in vitamin C M1

Aliada 100% squeezed tangerine juice M2

Auchan Mandarin juice M3

Hacendado 100% squeezed mandarin juice M4

Seleqtia (Eroski) 100% squeezed mandarin juice M5

Carrefour 100% squeezed mandarin juice M6

Orange Don Simon 100% squeezed orange juice without orange pulp O1

Pascual 100% squeezed orange juice and orange pulp O2

Don Simon Orange juice from concentrate O3

Homemade Squeezed orange juice O4

Juver Orange juice O5

Auchan Orange juice O6

Pineapple Hipercor Pineapple juice P1

Vitafit 100% pineapple juice from concentrate P2

Auchan Pineapple juice, pectin P3

Hacendado 100% squeezed pineapple juice P4

Carrefour 100% squeezed pineapple juice P5

El corte inglés Pineapple juice P6
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Results and Discussion

Optimization of Separation Conditions

In order to optimize organic acid separation, a test mixture
containing the standards and the IS described in the
BChemicals and Samples^ section was used. The initial BGE
composition and separation conditions (at −25 kVand 15 °C)
were adapted from Soga and Ross (1997). Thus, BGEs con-
taining 5 mM PDC and 0.5 mM CTAB, at pHs comprised
between 3.0 and 8.0, were initially tested. Figure 1 shows
the influence of pH on the experimental effective electropho-
retic mobilities of the studied organic acids. The calculated
mobilities (taking into account the pKa values of each species
and the pH of BGE) were also displayed (Sanz-Nebot et al.
2001; Herrero-Martínez et al. 2005). As it can be seen, the
mobility of each analyte increased with the increase of pH
value, until reaching pH values ranged to 7–8, where the mo-
bilities remained nearly constant. This increase is caused by a
change in the ionization states of carboxylic acids and its
concentration (which is related to its pKa value). In addition,
some variations in the pH of the BGE produced selectivity
changes. For instance, at pH 3.0, citric and isocitric acids
possess one negative charge and they migrate slower than
the corresponding anions of oxalic, fumaric, tartaric, and ma-
lic acids due to its heavier molecular masses. However, when
pH is raised above the pKa3 of citric and isocitric acid (ca.
6.40), the increase in citrate and isocitrate charge made up
for its higher mass, and they migrated faster than did the
diprotic acids except oxalic.

On the other hand, a detailed study of the separations per-
formed in the tested pH range showed that an adequate sepa-
ration of citric and isocitric acids was obtained when the pH of

BGE was below to 4.0. This agrees with the principle that
better resolution can be achieved when the separation is per-
formed near the pKa values of analytes (Jorgenson and Lukacs
1981). In particular, these two carboxylic acids have identical
molecular mass and very similar values of pKa2 and pKa3;
however, at pH 3.0 (near pKa1 values, 3.13 for citrate and
3.29 for isocitrate (Dawson et al. 1991), the separation of these
analytes was possible (see Fig. 2a). Besides, its ratio is a key
parameter in the authentication and quality control of fruit
juices (AIJN 2010). In fact, isocitric acid content is often
found in very low concentrations compared to the large con-
tent of citric present (up to 22,000 μg mL−1 in the case of
mandarins) (AIJN 2010), which emphasizes the need to
achieve a satisfactory separation between analytes. Taking
into account these considerations, a careful optimization of
BGE pH was carried out over the range 3.0–3.5 (Fig. 2). As
it can be seen, a BGE of pH 3.2 provided the best resolution of
citric, malic, and isocitric acids. However, it is worth mention-
ing that an overlapping between fumaric and tartaric peaks
was evidenced. In order to resolve this overlapping, lower
wavelengths (200 or 214 nm) were selected, where fumarate
appeared as a negative peak (data not shown). This can be
explained by the fact that at this pH, fumarate has higher
absorbance than that of PDC, and it can be easily distin-
guished from tartrate peak, thus improving the selectivity of
the method. Furthermore, the joint presence of fumarate and
tartrate in fruit juices is rare, since the first is characteristic of
apple juice whereas the latter is representative of grape juice
derivatives.

It has been reported that the presence of metal cations in the
BGE can affect the migration times and peak areas of certain
acids (Soga and Ross 1997; Lalljie et al. 1993; Devêvre et al.
1994). In order to improve the resolution of separation, the
addition of various salts containing metal ions such as Ca2 +

and Fe3+ to the BGE was investigated. These metals form
complexes with most of the organic acids studied (IUPAC
Stability Constants Database web). Concentrations be-
tween 0.25 and 1 mM of both cations were studied.
However, in both cases, it was observed that an increase in
the content of the metal ion in the BGE led to an increase in
migration times of the analytes, producing an overlapping
between malic and isocitric peaks (data not shown) and a loss
of peak efficiency.

Next, the effect of PDC concentration in the BGE was
investigated. With a constant concentration of 0.5 mM
CTAB in the BGE and the selected pH (3.2), the PDC con-
centration was varied between 5 and 20 mM (see Figs. 2b and
3). Concentrations below 5 mM led to a poor reproducibility
inmigration times, whichwas consistent with previous studies
(Kandl and Kupina 1999; Villiers et al. 2003). As it can be
observed, citric, malic, and isocitric acids were baseline re-
solved at PDC contents of 10 and 15 mM (Fig. 3a, b,
respectively). However, any of these conditions was able to
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provide baseline separation between fumaric and tartaric
acids. Taking into account the above considerations of these
solutes, its separation was not taken into concern for the se-
lection of the optimal PDC content. Thus, a PDC content of
10 mM was selected since it provided a little better resolution
of malic and isocitric acids, a better signal-to-noise ratio, and
lower analysis time.

Next, and in order to increase peak resolution, the effect of
temperature was studied between 10 and 20 °C. At 20 °C, both
analysis time and peak resolution decreased (data not shown).
At 10 °C (see Fig. 4), the resolution of fumaric/tartaric and
malic/isocitric peak pairs increased compared to that obtained
at 15 °C (Fig. 3a). Thus, this temperature was selected for
further studies.
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After selection of the optimal temperature, the influence of
applied voltage for analyte separation was next optimized.
Thus, different applied voltages, ranging from −15 to
−30 kV, were applied. When the applied voltage was lower
than −25 kV, migration time increased without significant im-
provement in resolution, while at −30 kV, the analysis time
was reduced with a concomitant decrease in the resolution,
and a loss in peak efficiency was evidenced (data not shown).
Thus, as a compromise between peak resolution and efficien-
cy, a voltage of −25 kV was selected for further studies. Thus,
the optimal separation conditions were BGE containing

10 mM PDC and 0.5 mM CTAB at pH 3.2, separation
−25 kVat 10 °C.

Performance Characteristics of the CZE Method

The use of an IS for quantitation in CE has demonstrated to
reduce the imprecision related with injection and produce a
significant improvement in the reproducibility (Altria 2002).
Accordingly, intra- and inter-day precision of migration times
and corrected peak areas (calculated as analyte area/IS area)
was evaluated by injecting the same 100 μg mL−1 solution for
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all analytes (except for fumaric acid that was 5 μg mL−1), ten
times per day during 3 days (see Table 2). In all cases, the
relative standard deviation (RSD) values were lower than 2.4
and 5.3% formigration times and peak area ratios, respectively.

External calibration curves of peak areas were obtained by
injecting six standard solutions in the linear ranges indicated
in Table 2 and containing IS at a constant concentration
(100 μg mL−1). As can be seen, two linear ranges were
adopted for citric acid: a low concentration range (5–
100 μg mL−1) which was used for apple and grape juices
and a high concentration range (100–5000 μg mL−1) used
for the other samples. In all cases, straight lines with
r2 > 0.994 were achieved. The sensitivity of each analyte
(determined as the slope from the calibration curve construct-
ed using corrected peak areas) is also given in Table 2. The
limits of detection (LODs) of each analyte were calculated by
multiplying by 3, the standard deviation of the peak area, s,
divided by the slope of the calibration curve (ICH guidelines
1996). The values of s for each analyte were obtained by
injecting ten times aliquots of a solution containing known
low concentrations of analyte that fulfill the signal-to-noise
ratio of 3. The limits of quantification (LOQs) were obtained
by multiplying by 3.3 the LOD values. As observed in
Table 1, LODs and LOQs ranged from 0.5 to 1.6 μg mL−1

and from 1.7 to 5.3 μg mL−1, respectively. These values were
similar to those reported by other authors using UV indirect
detection using PDC as BGE (Soga and Ross 1997; Öztekin
and Erim 2001), and in some cases even better (Villiers et al.
2003). However, these values were for some organic acids
higher than those found using direct UV detection at

Table 2 Analytical figures of
merit for the developed CZE
method

Analyte pKa
a Intra-day

repeatabilityb,
RSD (%),
n = 10

Inter-day
repeatabilityb,
RSD (%),
n = 3 days

Linear
range
(μgmL−1)

Sensitivityc LOD
(μg
mL−1)

LOQ
(μg
mL−1)

Peak
area
ratio

tm Peak
area
ratio

tm

Fumaric 3.02

4.38

1.23 0.32 5.30 2.40 0.5–20 0.0132 0.5 1.7

Isocitric 3.29

4.70

6.40

0.96 0.37 4.30 1.52 1–100 0.0105 1.6 5.3

Malic 3.40

5.11

0.82 0.40 4.12 1.13 10–1000 0.0130 0.6 2.0

Tartaric 3.22

4.81

0.68 0.35 3.75 0.86 10–1000 0.0126 0.7 2.3

Citric 3.13

4.76

6.40

0.75 0.30 3.90 1.01 5–100

100–5000

0.0097

0.0106

1.5 5.0

RSD relative standard deviation, tmmigration time, r2 regression coefficient, LOD limit of detection; LOQ limit of
quantification
a Ref. Albert and Serjeant 1984
bObtained from ten injections of the same standard solution in 1 day and along three consecutive days
c Obtained from the slope of calibration curve constructed using peak area ratios (analyte area / IS area) vs analyte
concentration (μg mL−1 )

12 14 16 18 20

0

4

8

12
U

V
 s

ig
na

l  
(m

A
U

)

Time (min)

IS

1

2

3

4

5

Fig. 4 Separation of organic acid standards at 10 °C using a BGE
containing 10 mM PDC and 0.5 mM CTAB at pH 3.2. Other
experimental conditions as in Fig. 1

Food Anal. Methods (2017) 10:3991–4002 3997



uncommon short wavelength (185 nm) not available in com-
mercial instruments (Mato et al. 2006) and with poly(vinyl
alcohol)-coated bubble cell capillaries (Navarro-Pascual-
Ahuir et al. 2015). In this latter, although some of the LODs

and LOQs were lower (in concrete those of fumaric, isocitric,
and citric acids), our methodology does not require coated
capillaries, which undoubtedly makes it easier and more flex-
ible and cost-effective for routine analysis of these solutes.
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Quantification of Organic Acids in Fruit Juices

The developed CZE method was used to analyze the fruit
juices given in Table 1. Due to the differences found in the
content of the different organic acids in the samples, sample
dilution was next optimized. The best results were obtained
with a 1:10 (v/v) sample dilution, except for apple juices,
which were injected at both 1:1 (v/v) (in order to quantify
fumaric acid) and 1:10 (v/v) dilution (to quantify the other
acids). Analytes were identified by comparison of their migra-
tion time with standards and by spiking the samples with
standards. Additionally, standard addition calibration curves
were obtained by adding to the samples at least four solutions
with increasing concentrations, taking into account the linear-
ity ranges given in Table 2. All curves were linear with
r2 > 0.992, and in all cases, the slope of calibration curve did
not differ significantly from that obtained with the external
calibration method. From these results, it can be concluded
that no matrix effect was observed in the determination of
these analytes in the fruit juices analyzed.

Examples of electropherograms of (A) apple, (B) grape,
(C) mandarin, (D) orange, and (E) pineapple juices are
depicted in Fig. 5. The levels (given as minimum and maxi-
mum values in μg mL−1) of organic acids found in the ana-
lyzed commercial fruit juices are given in Table 3. The organic
acid contents obtained by the proposed method were compa-
rable to those reported in literature (Fügel et al. 2005). Apart

from the organic acid contents, the citric/isocitric ratio was
also given in Table 3. As previously mentioned, this ratio is
a relevant index for the assessment of the product quality and
authenticity in fruit juices (AIJN 2010).

As it can be observed, apple juices (A1-A8) presented large
contents of malic acid in the range of 3300–4700 μg mL−1,
and the contents of citric acid comprised between 65 and
130 μg mL−1. In any case, the concentrations found for both
organic acids were within the levels permitted by European
legislation (AIJN 2010). The presence of tartaric and isocitric
acids were not detected in these samples. On the other hand,
the content of fumaric acid in apple juices was within the
limited range (<5 μg mL−1) (AIJN 2010), which indicated
the absence of microbial spoilage or an inadequate fruit pro-
cessing. Tartaric acid was the characteristic acid of the grape
juices analyzed (G1-G8) with contents in agreement with
those established (2000–7000 μg mL−1) by European legisla-
tion (AIJN 2010). Malic and citric acids were also found in
these samples, with their concentrations within legislation.
Mandarin and orange juices showed higher levels of citric acid
(ranged between 7300 and 15,900 μg mL−1). Similar contents
of malic acid were found in these citrus juices. The analysis of
isocitric acid also gave similar levels, and the citric/isocitric
ratios found in these juices (M1-M8 and O1-O8) were within
the limits established by AIJN criteria (AIJN 2010). With
respect to the pineapple juices, the contents of citric and malic
acids were lower than those allowed by legislation (11,000
and 4000 μg mL−1, respectively) (AIJN 2010). Also, in these
juices, the values of the citric/isocitric ratio found were con-
sistent with the limit given (70) by European legislation (AIJN

Table 3 Organic acid contents (expressed as μg mL−1) and citric/isocitric ratio of the juices used in this study

Juice Fumaric Isocitric Malic Tartaric Citric Citric/isocitric ratio

Apple 0.93–3.10 – 3280.17–4695.39 – 65.68–125.61 –

Grape – – 2610.67–6843.71 2739.45–6749.35 343.69–489.73 –

Mandarin – 92.76–158.79 2241.79–2925.08 – 7395.01–14,166.81 60.67–106.22

Orange – 84.93–196.28 1619.49–2327.29 – 8661.15–15,739.09 71.98–129.47

Pineapple - 103.47–236.34 2242.80–3935.66 – 5978.58–10,807.52 37.69–62.25

+
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30

20
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Fig. 6 Score plot on an oblique plane of the three-dimensional space
defined by the three first discriminant functions of the LDA model
constructed to discriminate between juices obtained from different
fruits. Evaluation set samples are labeled with a cross symbol

Table 4 Predictors selected and corresponding standardized
coefficients of the LDA model constructed to discriminate between
juices obtained from different fruits

Predictorsa f1 f2 f3 f4

Fumaric/tartaric −6609 −4874 −0,701 1484

Fumaric/citric −6238 −7058 −0,815 3796

Fumaric/malic 13,475 11,664 1537 −4438
Tartaric/malic 0,851 −0,649 0,009 −0,105
Malic/isocitric 4630 5066 0,598 −0,285

aOrganic acid concentration ratios
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2010). Moreover, the presence of tartaric acid in all these
samples (except for grape juices) was not detected, which
denotes that any of these juices was fortified with grape juice.

Taking into account the differences observed in organic
acid concentrations, the possibility of using these levels as
predictor variables for the construction of an LDA model able
to discriminate between juices obtained from different fruits
was next considered.

Classification of Juices Obtained from Different Fruits
by LDA

LDA is a multivariate parametric technique, based on iterative
search for discriminant vectors that provides the maximal res-
olution to classify samples into previously defined categories.
In order to select the vectors to be included in the model, the
Wilks’ lambda (λw) criterion was used (Vandeginste et al.
1998). Thus, well-resolved classes gave λw values ap-
proaching zero, while overlapped classes gave λw values ap-
proaching one. In this work, the SPSS stepwise algorithm was
used to select the predictors that will be included in the LDA
models, with the probability values adopted for entrance (Fin)
and rejection (Fout) threshold of 0.05 and 0.10, respectively.
Then, a data matrix was constructed using the concentration
data given in Table 3, divided by pairs, and taken as original
variables, in order to minimize the differences arising from the
organic acid concentrations present in the fruit juices analyzed
in this work. Thus, the matrix contained 40 objects which
belonged to all the fruit juices of Table 1, and 10 predictors,
which were obtained by dividing each analyte concentration
by each one of the concentration of the other analytes, taking
into account that any pair of concentrations should be consid-
ered only once. A response column, containing the categories
corresponding to the five fruit types, was added to this matrix.
This matrix was randomly divided to obtain the training and
evaluation sets, which were constituted by 30 objects (6
juices × 5 fruit types) and by 10 objects, respectively.

The constructed LDAmodel able to distinguish juices sam-
ples according to the fruit type is depicted in Fig. 6. For this
model, the λw value obtained was below 0.01, which is con-
sistent with the excellent resolution observed between all the
category pairs. The standardized coefficients of discriminant
functions obtained to construct the LDA model are given in
Table 4. As deduced from this table, the main concentration
ratios that provided the large discriminant capabilities
corresponded to fumaric/malic, fumaric/tartaric, and fumaric/
citric ratios. Using this model and leave-one-out validation, all
the objects of the training set were correctly classified.
Furthermore, all the objects of the evaluation set
(represented with a cross symbol in Fig. 6) were correctly
assigned within a 95% probability level, which indicated the
good prediction capability of the model.

Conclusion

In this work, a simple and reliable CZE method with indirect
UV detection to determine the main organic acids present in
several fruit juices has been established. A good resolution
between all analytes was obtained after optimizing electrolyte
pH, chromophore concentration, and other instrumental pa-
rameters. Thus, organic acid analysis with satisfactory valida-
tion results was performed in uncoated capillaries, in contrast
to other CZEmethods reported in literature for analysis of fruit
juices, which contributes to decrease the analysis costs. Also,
the method allowed the measurement of minor compounds in
fruit juices (e.g., isocitric and fumaric acids), which were re-
ported to be crucial for evaluating adulteration and microbial
spoilage, respectively. The contents of organic acids found in
fruit juices were within the levels allowed by European legis-
lation. On the other hand, the combination of CZE analysis of
organic acids with LDA provided a simple way to classify
juices from different fruits. Therefore, the present procedure
could be applied as routine assay of several organic acids in
the juice industry and regulatory agencies.
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