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Analytical features of an optimized method for HPLC analysis of some polyphenolic acids and
flavonoids in tomato fruits
D. Georgieva1, I. Tringovska2*, A. Atanasova2, V. Kmetov1
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Abstract. Quality control of analytical procedure is required for any amended or new method to ensure its applicability and capability to produce reliable results.
This study shows an optimized method for high performance liquid chromatography (HPLC) analysis of some polyphenolic acids and flavonoids in tomato
fruits. Efficient separation of chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, rutin, myricetin, naringenin and quercetin was achieved on Poroshell
120 reverse-phase column С18 (75 mm x 4.6 mm x 2.7 µm) by gradient elution with mobile phase А (0.5% Acetic Acid), mobile phase B (1:1 mix of 0.5% Acetic
acid and Acetonitrile) and mobile phase C (Acetonitrile). Some analytical features of the method such as limit of detection (LOD), limit of quantification (LOQ),
linearity and precision were estimated after testing of an eight-compound mixture of the single reference phenolic compounds at seven concentrations. It was
found that LOQ is from 0.02 to 0.63 ppm, for the included analytes with linear quantitative response up to 10 ppm. The method precision was estimated as
measurement repeatability and intra-laboratory reproducibility. The relative standard deviation (RSD) obtained after analyzing 3 replicates and 7
concentrations varied from 0.1 to 12.6%. These results suggest that the optimized method has a good potential for simultaneous quantification of the above
mentioned hydroxycinnamic acids and flavonoids in tomato fruits.

Keywords: limit of detection, limit of quantification, precision, tomato fruits, polyphenols
Abbreviations: HPLC – high performance liquid chromatography, CAS – chemical abstracts service, LOD – limit of detection, LOQ – limit of
quantification, RSD – relative standard deviation

Introduction
Polyphenols are a large class of secondary plant metabolites,
comprising a wide range of aromatic substances. Polyphenols that
share a common nucleus consisting of two phenolic rings and an
oxygenated heterocycle are classified as flavonoids (Marais et al.,
2006). They are further categorized in many different subgroups:
flavones, flavonols (e.g. quercetin, myricetin), flavanones (e.g.
naringenin), flavanols (or catechins), anthocyanidins, isoflavones. In
addition, most of them are conjugated with sugar molecules (e.g.
rutin) (Ross and Kasum, 2002). Hydroxycinnamic acids (e.g.
chlorogenic, caffeic, p-coumaric, ferulic acids) are non-falvonoid
structures, being monocyclic polyphenolic acids (Lee and Widmer,
1996). Polyphenols play important biochemical and physiological
roles in the different plant parts during the interactions of the plant
with the environment. Because of their common presence in plants,
they are important components of human and animal diet. They are
also considered valuable compounds with respect to health benefits
due to their high antioxidant capacity (Pietta, 2000; Scalbert et al.,
2005; Makoi and Ndakidemi, 2010).
Tomato is one of the most consumed vegetables in the world
and as such it is a predominant source of antioxidants. It is
demonstrated that the main part of the hydrophilic antioxidant
capacity of tomatoes is due to the presence of polyphenols (Toor et
al., 2005). Generally tomato fruits are not very rich in polyphenols,
but the high consumption makes them an important source of these
compounds (Willits et al., 2005). Due to the importance of
polyphenols in the human diet and the significance of tomato fruit for
* e-mail: dwdt@abv.bg
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providing them, the implementation of reliable and efficient methods
for analysis plays a crucial role in the research conducted in different
scientific fields (Stobiecki and Kachlicki, 2006). Versatile methods of
extraction of polyphenols from plant matrices has been described in
literature usually using mixtures of ethanol, methanol or acetone
with water (Helmja et al., 2007; Dai et al., 2010; SarnchezRodrıґguez et al., 2010, ). Better yields of these compounds are
achieved through optimization of extraction parameters such as
temperature, extraction time, solid to solvent ratio (Druzynska et al.,
2007; Gyenai et al., 2012). Since the majority of polyphenols are
water soluble and aromatic substances, the most commonly used
method for quantitative analysis of individual compounds in plants is
reversed-phase high performance liquid chromatography (HPLC)
with UV detection (Stalikas, 2007). The development of HPLC
method suited to the specific purpose usually imposes the
determination of the optimal chromatographic conditions. However,
every optimization of the methodology should be accompanied by
analytical evaluation and quality control. Therefore, the aim of the
current study was to determine the analytical features of an
optimized method for HPLC simultaneous analysis of some
polyphenolic acids and flavonoids in tomato fruits.

Material and methods
Standards and reagents
The used reference compounds were chlorogenic acid (CAS
327-97-9), caffeic acid (CAS 331-39-5), p-coumaric acid (CAS 501-

98-4), ferulic acid (CAS 1135-24-6), rutin (CAS 153-18-4),
naringenin (CAS 480-41-1), quercetin (CAS 117-39-5) (all derived
from Sigma Aldrich) and myricetin (CAS 529-44-2) (Merck).
Acetonitrile, methanol, acetone and acetic acid used in the present
work were HPLC grade, procured from Sigma Aldrich. Water was
purified by Water Purification System EASY II UF (Barnstead,
Thermo Scientific).
Instrumental
The analysis was performed on Agilent 1200 HPLC system
coupled with a diode array detector (DAD) G1315C/D. Separations
were carried out at 30ºС on a Poroshell 120 (75 mm x 4.6 mm x 2.7
µm) column (Agilent Technologies). The detection wavelengths
were λ = 320 nm for polyphenolic acids, λ = 360 nm for flavonoids
and λ = 280 nm for naringenin, chosen based on literature review.
Preliminary studies were carried out to determine the optimal
chromatographic conditions that allow effective separation of the
eight compounds (unpublished data). The mobile phase was
defined combining three solutions: solution A – 0.5% Acetic Acid,
solution B – 1:1 mix of 0.5 % Acetic acid and Acetonitrile and solution
C – Acetonitrile. The following gradient conditions of the mobile
phase were found to be efficient: 0 min – 15% (В), 10 min – 30% (В),
15-22 min – gradient was held at 50% (В), 23-27 min – 100% (C), 31
min – 15 % (B). The injection volume was 10 µL; the mobile phase
flow rate was kept constant at 0.8 mL min-1.
Preparation of standard solutions
Exactly 5 mg each of chlorogenic acid, caffeic acid, p-coumaric
acid, ferulic acid, rutin, myricetin, naringenin and quercetin
reference materials were dissolved in 20 % Methanol in a 50 mL
volumetric flask in order to obtain 100 ppm mixed stock solution.
Standard solutions with seven different concentrations (0.1, 0.3, 0.7,
1, 3, 7, 10 ppm) were prepared by dilution of the stock solution in 10
mL volumetric flasks with 20 % Methanol.
Analytical parameters and statistical analysis
Some analytical features of the method such as limit of
detection (LOD), limit of quantification (LOQ), linearity and precision
were estimated. Method linearity was evaluated by visual inspection
of a plot of signals as a function of analyte concentration. Seven
different concentrations of the standard solution in the range of 0.01
– 1 ppm were used for establishment of linearity. Each standard
solution was injected three times and the value of peak area for each
concentration and for each substance was recorded. The calibration
curve was obtained by plotting a graph of mean peak areas to the
corresponding concentrations of each substance. The slope and the
intercept of the calibration curves were estimated.
LOD was calculated based on the standard deviation (SD),
obtained by injecting the lowest concentration (0.01 ppm) ten times,
intercept of the calibration curve (b0) and the slope of calibration
curve (b1) according to the formula: (3*SD-b0)/b1. LOQ was
calculated according to the formula: (10*SD-b0)/b1.
The repeatability of retention times and peak areas within one
day were determined by injecting three times seven different
concentrations of the standard solution. The results were expressed
by relative standard deviation (RSD).
Analysis of polyphenolic acids and flavonoids in tomato sample
A sample of at least 1 kg of randomly selected tomato fruits at
full ripening state was rinsed three times with distilled water (dH2O),
dried, and frozen at -20°C. Samples were freeze-dried, ground for a

1 minute in laboratory mill, screened through standard sieve to
obtain particle size 0.2 – 0.4 mm and stored at -20ºC prior analysis.
Preliminary screening was carried out to ascertain the most effective
conditions for the extraction of polyphenols from tomato sample. The
optimal extraction procedure was as follows: freeze-dried tomato
sample (0.5 g) was mixed with 20 mL acetone:water 80:20 (v:v) and
placed in ultrasonic bath for 20 min at room temperature. Samples
were centrifuged for 10 min at 160 rpm and supernatants were
collected. The sample was evaporated to dryness by rotary
evaporator (RV-10 IKA®-Werke GmbH & Co. KG, Germany) and
dissolved in 2 mL 20% Methanol. About 2 mL were filtered through
0.45 μm syringe filter and put in a vial for HPLC analysis.

Results and discussion
The retention times, together with the UV-spectra of the studied
polyphenolic compounds were used for identification. Under
conditions adopted for this analysis an effective separation of the
eight compounds was accomplished in approximately 23 min. The
total run time was 31 minutes due to the column equilibration
necessary at the end of the gradient (Figure 1). Several authors have
proposed methods for identifying polyphenolic constituents by
HPLC with diode array detector targeting part (Croizer et al., 1997;
Merken et al., 2000) or all compounds (Sakakibara et al., 2003). The
time of analysis varied significantly between the different methods –
from several minutes to over six hours (Sakakibara et al., 2003; Rijke
et al., 2006). Run time of 0.5–1 h is usually sufficient to separate five
to ten compounds of interest (Franke and Custer, 1994; Fabre et al.,
2001).
The retention times obtained for the studied polyphenolic acids
(Table 1) followed the same order as those established by
Sakakibara et al. (2003). Well separated peaks could be seen on
Figure 1, which shows that the obtained chromatographic resolution
is good enough and allows simultaneous determination of the eight
analytes. The intra-day precision of the retention time (RT) for each
compound was evaluated. The calculated RSDs of the RT are
given in Table 1. With the exception of Qurcetin (RSD=5.9), the other
analytes exhibit very good repeatability of the retention times within
one day (RSD < 3%).
The results presented in Table 2 show the mean peak areas,
obtained for each compound in seven concentration levels in
triplicates. For concentrations above 0.3 ppm the corresponding
RSDs are less than 5%. Only for Myricetin the peak areas
repeatability is good enough for concentrations above 1 ppm. The
present repeatability was similar to those of other methods (Hertog
Table 1. Retention time (RT) and intra-day RSD's of the
studied compounds

Compounds
Chlorogenic acid
Caffeic acid
P-coumaric acid
Ferulic acid
Rutin
Myricetin
Qurcetin
Narengenin

RT, min

RSD, %

5.3
6.6
10.1
12.0
13.8
16.5
19.9
22.9

3.0
2.4
2.1
2.1
1.6
0.1
5.9
2.7
481
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Figure 1. Chromatogram of 10 ppm standard mixture of chlorogenic acid (1), caffeic acid (2),
p-coumaric acid (3), ferulic acid (4), rutin (5), myricetin (6), quercetin (7) and naringenin (8)
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an acceptable degree of accuracy and precision. Both LOD and
LOQ of the optimized method were evaluated using 3*SD and
10*SD criteria, respectively. The results indicated that LOD varied
from 0.005 to 0.19 ppm, while LOQ is from 0.02 to 0.63 ppm (Table
3). In the present system the most sensitive polyphenolic acid was pcoumaric acid, while the most sensitive flavonoid was naringenin,
determined at up to 0.005 ppm and 0.02 ppm, respectively. The most
insensitive were caffeic acid from the polyphenilic acids and
myricetin from the flavonoids with detection limits 0.02 and 0.63
ppm, respectively. These results are in agreement with those
obtained by Sakakibara et al. (2003), where p-coumaric acids was

Peak area

Peak area

et al., 1992).
The data presented on Figure 2 shows that within the studied
concentration range there was a good correlation (R2 > 0.995)
between mean peak area and concentration of the studied
hydroxycinnamic acids and flavonoids. The visual observation
suggests that the response of detector was linear in the tested range
for all studied compounds.
Limit of detection (LOD) refers to the lowest concentration of
analytes in a sample, which can be detected but not necessarily
quantified, while Limit of quantification (LOQ) is the lowest
concentration of analytes in a sample, which can be quantified with
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Figure 2. Calibration graphs for the studied polyphenolic compounds

Table 2. Mean peak area (PA) and intra-day RSDs of the studied polyphenolic acids and flavonoids, (n=3)

Polyphenolic acids
Concen tration,
ppm
0.1
0.3
0.7
1.0
3.0
7.0
10.0

Chlorogenic acid
PA

RSD,%

3.0
7.2
16.0
24.5
74.9
189.3
301.8

1.9
1.6
4.7
0.9
0.1
0.1
0.2

Caffeic acid
PA

P-coumaric acid

Ferulic acid

RSD,%

PA

RSD,%

PA

RSD,%

0.9
0.6
1.4
0.2
0.3
0.1
0.1

7.3
17.5
36.1
55.8
158.3
380.3
590.4

0.8
0.9
0.5
0.5
0.3
0.3
0.1

7.4
17.6
36.3
55.2
157.1
377.3
586.4

10.1
0.6
1.9
0.2
0.3
0.1
0.1

6.7
16.3
34.0
52.4
152.3
369.6
579.2

Flavonoids
Concen tration,
ppm
0.1
0.3
0.7
1.0
3.0
7.0
10.0

Rutin

Narengenin

Qurcetin

Myricetin

PA

RSD,%

PA

RSD,%

PA

RSD,%

PA

RSD,%

0.7
1.6
3.2
4.9
13.6
32.6
50.7

11.0
0.1
3.1
4.1
1.1
0.3
0.3

3.4
5.1
6.2
15.5
35.5
55.3

4.4
2.6
0.1
1.5
1.0
0.3

1.3
2.6
10.2
10.6
25.0
64.3
98.4

0.0
2.2
0.6
2.4
1.0
0.6
0.3

2.4
2.6
13.2
38.8
57.6

12.6
11.9
2.7
0.1
0.7
483
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Compound

L D

L

Chlorogenic acid
Caffeic acid
P-coumaric acid
erulic acid
Rutin
Myricetin
urcetin
Narengenin

0.01
0.02
0.005
0.02
0.04
0.19
0.03
0.02

0.03
0.07
0.02
0.07
0.12
0.63
0.10
0.08

determined at the lowest quantity compared to chlorogenic, ferulic
and caffeic acids and myricetyn was the most insensitive among the
four tested flavonoids.
The results from the present study suggested that the optimized
HPLC method has a good potential for simultaneous quantification
of the above mentioned hydroxycinnamic acids and flavonoids in
tomato fruits. Based on the experimental conditions described
above, an ultrasonic extraction and HPLC determination of
polyphenols in tomato fruits was performed. The obtained results
indicate that the main polyphenolic constituents found in tomato
sample by the adopted method are rutin and chlorogenic acid
( igure 2). The concentrations of ferulic, p-coumaric acid and
naringenin in the analyzed tomato sample were low, while myricetin
and quercetin were not detected. ver 100 polyphenolic compounds
occur in tomato fruits but their content varies widely depending on
the genotype, environmental factors, agricultural techniques, etc.
(Slimestad and erheul, 2009). In the present study the analysis of
the individual flavonoids was performed without hydrolysis of the
sample and therefore rutin was the predominant flavonoid, while the
concentration of its aglicone quercetin was very low (Stewart et al.,
2000).
484

The estimated analytical features of the optimized method for
HPLC analysis of some polyphenolic acids and flavonoids in tomato
fruits suggest that the method has a good potential for simultaneous
quantification of the eight compounds (chlorogenic acid, caffeic acid,
p-coumaric acid, ferulic acid, rutin, myricetin, quercetin and
naringenin). The sensitivity and precision of the method are quite
satisfactory, so determinations with L from 0.005 to 0.19 ppm in
real samples could be easily performed.

The research leading to these results has received funding from
National Science und under Bulgarian Ministry of ducation and
Science (grant DM 03 76).
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