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Determination of Organic Acids in Natural and Commercial
Orange Juices by HPLC/DAD

DoGal ve Ticari Portakal Sularindaki Organik Asitlerin HPLC/DAD
Yontemiyle Tayini
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ABSTRACT

his study aimed to develope a simple reversed-phase HPLC method for simultaneous determination of

organic acids in natural and commercial orange juices. The chromatographic separation of these compounds
was performed in a single run by using isocratic mobile phase consisting of 10 mM KH,PO, (pH=2.2) at room
temperature, with flow rate of 1 mL.min™ within 10 min on Inertsil ODS-4 C18 column (250 x 4.0 mm, 5um). An
ultraviolet absorption at 210 nm and 245 nm was monitored. Linearity of calibration, accuracy, precision were
examined as parts of the method validation. It has been found that the levels of organic acids in natural juices
were higher than in commercial juices.
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6z

u calisma, dodal ve ticari portakal sularinda, organik asitlerin es zamanl olarak tayini icin basit bir ters

faz HPLC yontemi gelistirmeyi amaclamistir. Bilesiklerin kromatografik ayrimi izokratik olarak 10 mM
KH,PO, (pH= 2.2) hareketli faziyla, oda sicakliginda, 1 mL.min" akis hizinda, 10 dakika icinde ve Inertsil ODS-
4 C18 kolonda (250 x 4.0 mm, 5um), gergeklesmistir. Ultraviyole absorpsiyon 210 ve 245 nm dalgaboyunda
izlenmistir. Dogrusallik, dogruluk, kesinlik gibi parametreler belirlenerek yontem valide edilmistir. Dogal meyve
sularindaki organik asit seviyesinin, ticari meyve sularindan daha yiksek oldugu bulunmustur.
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INTRODUCTION

he identification and determination of

organic acids in fruit juices is considered
very important for their quality and process
controls [1]. The concentration of organic acids
in fruits are important, because they influence
the organoleptic properties of fruit juices
particularly as regards flavour, colour and aroma
[2]. The content organic acids in fruit juices
not only influences organoleptic properties but
also their stability, nutrition, acceptability and
qguality [3]. Content of organic acids, additives
or preservatives in natural fruit juices and
commercial juices are different [4]. Several
chromatographic methods have been developed
for identifying and quantifying individually
organic acids in different matrixes. Kotani et al.
determined organic acids in fruit wines by high-
performance liquid chromatography (HPLC) with
electrochemical detection (ED) within 20 min on
an ion-exclusion column [5]. Flores et al., used
liguid chromatography coupled to tandem-mass
spectrometry (LC-MS/MS) with triple quadrupole
inselectivereactionmonitoringmodetodetermine
organic acids (glutamic, tartaric, quinic, malonic,
malic, shikimic, a-ketoglutaric, pyruvic, citric,
succinic and fumaric acids) in fruits (melon, grape,
peach, orange, lemon) and vegetables (green and
red pepper, tomato, lettuce and lamb’s lettuce).
The mobile phase was 0.1% (v/v) formic acid at
a flow rate of 0.4 mL.min". Organic acids eluted
in less than 15 min [6]. Chinnici et al., separated
nine acids (including oxalic, citric, malic, quinic,
galacturonic, ascorbic, succinic, and fumaric acid)
and three sugars (sucrose, glucose and fructose)
by ion-exclusion chromatography using a resin
based Aminex HPX 87H column. They obtained
best separation with 0.005 N phosphoric acid
as eluent in less than 20 min [7]. Sherer et al.,
developed a fast liguid chromatographic method
for simultaneous determination of tartaric, malic,
ascorbic and citric acids in fruits and juices. The
method was fast and leaded to the organic acids
separation in a 10 min run. They evaluated the six
industrialized juices and three of them were not
in accordance with the Brazilian legislation with
respect to the values declared on the label [2].
Kelebek et al., determined organic acids, sugars,
phenolic compositions and antioxidant capacities
of orange juice and orange wine obtained from the

cv. Kozan of Turkey. They used high-performance
liguid chromatographic methods to identify and
quantify of three organic acids (citric, malic and
ascorbic acids). They analyzed sugars and organic
acids were simultaneously onto an Aminex HPX-
87H column (300x7.8 mm) [8].

The goal of our research is the optimization and
validation of a rapid method for simultaneous de-
termination of the major organic acids in natural or
commercial juices of orange fruit.

MATERIALS and METHODS

Reagents and Materials

Standard substances of oxalic acid, tartaric acid,
malic acid, ascorbic acid, lactic acid, acetic acid,
citric acid, fumaric acid were purchased from Sig-
ma-Aldrich (St. Louis, MO, USA). All solvents and
reagents that are used in this study were HPLC
or of analytical grade. Water was purified (18 MQ
cm™' quality) from New Human Power | (Korea).

Standard Solutions

Stock standard solutions of fumaric acid, oxalic
acid and ascorbic acid were dissolved in ultrapure
water to a concentration of 1 mg.mL". Stock stan-
dard solutions of tartaric acid, malic acid, lactic
acid, acetic acid and citric acid were dissolved in
ultrapure water to a concentration of 10 mg.mL".
They were stored in darkness at +4°C until analy-
zed. The calibration curves were prepared by
diluting the stock solution in the mobile phase
to furnish solutions with final concentrations of
150-1000 pg.mL' for acetic acid and citric acid;
100-1000 pug.mL' for malic acid and lactic acid;
50-1000 pg.mL! for tartaric acid; 2.0-100 ug.mL’
for ascorbic acid; 5-80 pg.mL" for oxalic acid; 0.7-
16 ng.mL" for fumaric acid.

Sample Preparation

The orange fruit juice was obtained by cutting the
fruit in half and careful hand-squeezing to obta-
in the juice. The juice was filtered to remove pulp
and seeds. The freshly squeezed juice was cent-
rifuged at 13200 rpm for 15 min. The commercial
orange juice was directly centrifuged at 13200
rpm for 15 min. The supernatant was diluted 1:10
and 1:5 with mobile phase for determination of or-
ganic acids. The dilutions were membrane filtered
(0.45 um) before injection.



Instrumentation and Chromatographic
Conditions

The integrated high performance liquid
chromatography system (LC 1100, Hewlett-
Packard, USA) is equipped with a diode-array UV
detector, a quarternary pump, a degasser, an
autosampler, an injector with 20 uL loop, and a
column oven. The separation was carried out
using Inertsil ODS-4 reverse phase C18 column (4
mmx250 mm, 5 um).

The mobile phase was a10 mM KH,PO, agueous
solution adjusted to pH 2.2, to which was added 10%
(v/v) orthophosphoric acid. The mobile phase was
vacuum-filtered through a 0.45 um nylon filter and
degassed on-line by micro vacuum degasser. The
chromatographic separation of these compounds
performed at room temperature. Analysis was run
at flow rate of 1 mL.min™ with 10 min run time. For
the simultaneous detection of the eight analytes,
the detector was set at A= 245 nm for ascorbic acid
and A= 210 nm for the other organic acids. The injec-
tion volume was 20 plL.

Validation Procedure

A full validation of assay consisting of selectivity,
linearity, lower limit of detection and quantitation
(LOD and LOQ), intraday and interday accuracy
and precision of the method was performed ac-
cording to the ICH description [9].
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RESULTS and DISCUSSION

The first step of the study was the optimization
of the chromatographic conditions. The effect of
phosphate buffer concentration (5,10, 20 and 30
mM) and pH (2.2, 2.4, 2.6) on the retention time
of mixture was investigated. The concentration of
the phosphate buffer solution was chosen as 10
mM and pH as 2.2 for optimum separation (Figure
1.

Quantifications of organic acids were based on
the calibration curves constructed under optimum
conditions as the peak areas of analyzed substance.
Linearity of the method was determined by perfor-
ming injections at six different concentration levels
in the linear range over 6 different days. Retention
time (RT), linear range, R?, limit of detection (LOD)
and limit of quantification values were listed in Table
1.

Precision was expressed as the relative stan-
dard deviation of the control sample concentrati-
ons. Three different concentrations of standard so-
lutions were analyzed six consecutive days and six
times within the same day. Intra-assay (intra-day)
precisions were ranged from 0.57-5.52% for oxalic
acid, tartaric acid, malic acid, ascorbic acid, lactic
acid, acetic acid, citric acid and fumaric acid. Inter-
assay precisions values were in the range of 0.87 to
6.45% for them.

The accuracy of the proposed procedure was
evaluated by means of recovery experiments. To
demonstrate the accuracy of the method, a samp-
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Figure 1. A typical chromatogram of organic acid standards. 1, oxalic acid; 2, tartaric acid; 3, malic acid; 4, ascorbic acid;

5, lactic acid; 6, acetic acid; 7,

citric acid; 8, fumaric acid.
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Table 1. Linearity study results (n= 6).

Compound Retention Range Calibration curve RSD R2 LOQ RSD LOD RSD
time (min) (mg.L") (y=mx=£n) (%) (mg.L) (%) (mg.L) (%)
(slope)
Oxalic acid 2.20+£0.02 5-80 y=24.289x+10.581 2.05 0997 5 491 1 5.44
Tartaricacid  2.87 +0.01 50-1000  y=2.078x+10.391 5.43 0.999 50 1.60 10 5.19
Malic Acid 3.75+0.01 100-1000 y=1.094x-762 3.47 0.999 100 1.60 20 2.51
Ascorbic Acid 4.20+0.02  2-80 y=72.47x-2.935 2.77 0.999 2 0.87 0.5 4.51
Lactic Acid 4.47+0.03 100-1000 y=0.891x+1.500 3.52 0.999 100 1.04 20 0.85
Acetic Acid 4.85+0.03 150-1000 y=0.902x+0.552 3.1 0.997 150 216 50 2.28
Citric Acid 7.49 +0.02 150-1000 y=1.390x-6.207 3.10 0.999 150 1.75 50 214
Fumaric Acid 8.93+0.03 0.7-16 y=217.835x+0.586 3.1 0.999 0.7 2.24 0.2 3.88

le of fruit juice was analysed before and after the
addition of known amounts of the organic acids
under study. The supernatant was diluted 1:10
before analysis. The results obtained clearly de-
monstrate the accuracy of the method (Table 2).

The optimized and validated method was
applied for determination of organic acids in natural
and commercial orangejuices (Figure 2). All samples
were run in ftriplicate (n=3). The results obtained
were shown in Table 3.

CONCLUSION

A basic and reliable HPLC method has been deve-
loped and validated for the determination of orga-
nic acids in natural and commercial orange juices.
Compared to the other reported ones, the deve-
loped method offers fast separation and simple
sample preparation needing only centrifugation,
dilution and filtration before injection.

In orange juices, the most abundant organic
acid was citric acid ranging from 5.63 to 5.90
g.L". The second most abundant organic acid is ma-
lic acid ranging from 0.50 to 1.29 g.L". Orange juices
are good sources of ascorbic acid (0.21-0.48 g.L").
Commercial orange juices contain lower amount of
ascorbic acid, malic acid and oxalic acid compared

Table 2. Recovery of organic acids spiked fruit juice

samples.
Organic Initial Added Found Recovery
acids amount  (mg.L") (mg.L") (%)
(mg.L")
25 106.96 106.81
Oxalic 75.14
acid 50 131.80 105.32
. 250 258.63 103.45
Tartaric
. n.d.
acid 500 532.65 106.53
) 250 851.79 100.62
Malic 596 54
Acid 500  1128.23  102.89
) 50 376.00 95.36
Asco.rblc 344.30
Acid 80 395.28 93.05
. 500 528.25 105.65
Lactic
; n.d.
Acid 1000  1063.50  106.35
. 250 246.83 98.73
Acetic
; n.d.
Acid 500  498.25 99.65
o 250 5553.45 94.50
i‘gé‘"‘ 5626.67
500 5746.20 93.79
. 5 7.21 103.72
Fumaric
. 1.95
Acid 10 12.10 101.24

n.d.-not detected.
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Figure 2. A. Chromatogram of standards of analyte at 210 nm. The peaks correspond to: 1, oxalic acid; 2, tartaric acid;
3, malic acid; 4, ascorbic acid; 5, lactic acid; 6, acetic acid; 7, citric acid; 8, fumaric acid. B. Chromatogram of freshly

squeezed orange juice C. Chromatogram of commercial orange juice.

Table 3. Organic acid composition of commercial and natural fruit juices obtained by HPLC method*.

Commercial Commercial Natural Natural
Organic acids fruit juice A fruit juice B orange juice orange juice
(mg.100 mL") (mg.100 mL") (mg.100 mL") (mg.100 mL")
Oxalic acid 9.45+0.73 7.51£0.57 23.784+2.30 16.89+41.64
Malic acid 50.06+2.32 59.65+1.94 128.85+2.52 134.76+1.86
Ascorbic acid 21.17 £1.35 34.4341.51 47.81£0.98 47.5341.91

Citric acid 590.05+21.23 562.67+19.47

581.23115.44

579.35+17.54

Fumaric acid n.d. n.d.

0.2+0.02

0.15£0.01

“Results are expressed as mean + SD (standard deviation) (n = 3).
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with natural orange juices. Fumaric acid was found
only in natural orange juices. Citric acid contents
were similar in both natural and commercial orange
juices. According to this research the orange juices
should be consumed freshly.
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