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Analytical features of an optimized method for HPLC analysis of some polyphenolic acids and 
flavonoids in tomato fruits 

1 2 2 1D. Georgieva , I. Tringovska *, A. Atanasova , V. Kmetov

1Department of Analytical Chemistry and Computer Chemistry,Faculty of Chemistry, Plovdiv University Paisii Hilendarski, 24 Tzar Assen, 4000 Plovdiv, 
Bulgaria
2Departmen of Plant Nutrition, Maritsa Vegetable Crops Research Institute, 32 Brezovsko shosse, 4003 Plovdiv, Bulgaria 

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 С  (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 18

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
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Introduction 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 Polyphenols are a large class of secondary plant metabolites, 
extraction of polyphenols from plant matrices has been described in comprising a wide range of aromatic substances. Polyphenols that 
literature usually using mixtures of ethanol, methanol or acetone share a common nucleus consisting of two phenolic rings and an 
with water (Helmja et al., 2007; Dai et al., 2010; Sarnchez-oxygenated heterocycle are classified as flavonoids (Marais et al., 
Rodrıґguez et al., 2010, ). Better yields of these compounds are 2006). They are further categorized in many different subgroups: 
achieved through optimization of extraction parameters such as flavones, flavonols (e.g. quercetin, myricetin), flavanones (e.g. 
temperature, extraction time, solid to solvent ratio (Druzynska et al., naringenin), flavanols (or catechins), anthocyanidins, isoflavones. In 
2007; Gyenai et al., 2012). Since the majority of polyphenols are addition, most of them are conjugated with sugar molecules (e.g. 
water soluble and aromatic substances, the most commonly used rutin) (Ross and Kasum, 2002). Hydroxycinnamic acids (e.g. 
method for quantitative analysis of individual compounds in plants is chlorogenic, caffeic, p-coumaric, ferulic acids) are non-falvonoid 
reversed-phase high performance liquid chromatography (HPLC) structures, being monocyclic polyphenolic acids (Lee and Widmer, 
with UV detection (Stalikas, 2007). The development of HPLC 1996). Polyphenols play important biochemical and physiological 
method suited to the specific purpose usually imposes the roles in the different plant parts during the interactions of the plant 
determination of the optimal chromatographic conditions. However, with the environment. Because of their common presence in plants, 
every optimization of the methodology should be accompanied by they are important components of human and animal diet. They are 
analytical evaluation and quality control. Therefore, the aim of the also considered valuable compounds with respect to health benefits 
current study was to determine the analytical features of an due to their high antioxidant capacity (Pietta, 2000; Scalbert et al., 
optimized method for HPLC simultaneous analysis of some 2005; Makoi and Ndakidemi, 2010).
polyphenolic acids and flavonoids in tomato fruits.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 Material and methods
al., 2005). Generally tomato fruits are not very rich in polyphenols, 
but the high consumption makes them an important source of these Standards and reagents
compounds (Willits et al., 2005). Due to the importance of The used reference compounds were chlorogenic acid (CAS 
polyphenols in the human diet and the significance of tomato fruit for 327-97-9), caffeic acid (CAS 331-39-5), p-coumaric acid (CAS 501-
* e-mail: dwdt@abv.bg
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98-4), ferulic acid (CAS 1135-24-6), rutin (CAS 153-18-4), 1 minute in laboratory mill, screened through standard sieve to 
naringenin (CAS 480-41-1), quercetin (CAS 117-39-5)  (all derived obtain particle size 0.2 – 0.4 mm and stored at -20ºC prior analysis. 
from Sigma Aldrich) and myricetin (CAS 529-44-2) (Merck).  Preliminary screening was carried out to ascertain the most effective 
Acetonitrile, methanol, acetone and acetic acid used in the present conditions for the extraction of polyphenols from tomato sample. The 
work were HPLC grade, procured from Sigma Aldrich. Water was optimal extraction procedure was as follows: freeze-dried tomato 
purified by Water Purification System EASY II UF (Barnstead, sample (0.5 g) was mixed with 20 mL acetone:water 80:20 (v:v) and 
Thermo Scientific). placed in ultrasonic bath for 20 min at room temperature. Samples 

were centrifuged for 10 min at 160 rpm and supernatants were 
Instrumental collected. The sample was evaporated to dryness by rotary 
The analysis was performed on Agilent 1200 HPLC system evaporator (RV-10 IKA®-Werke GmbH & Co. KG, Germany) and 

coupled with a diode array detector (DAD) G1315C/D. Separations dissolved in 2 mL 20% Methanol. About 2 mL were filtered through 
were carried out at 30ºС on a Poroshell 120 (75 mm x 4.6 mm x 2.7 0.45 μm syringe filter and put in a vial for HPLC analysis. 
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. Results and discussion 
Preliminary studies were carried out to determine the optimal 
chromatographic conditions that allow effective separation of the The retention times, together with the UV-spectra of the studied 
eight compounds (unpublished data). The mobile phase was polyphenolic compounds were used for identification. Under 
defined combining three solutions: solution A – 0.5% Acetic Acid, conditions adopted for this analysis an effective separation of the 
solution B – 1:1 mix of 0.5 % Acetic acid and Acetonitrile and solution eight compounds was accomplished in approximately 23 min. The 
C – Acetonitrile. The following gradient conditions of the mobile total run time was 31 minutes due to the column equilibration 
phase were found to be efficient:   0 min – 15% (В), 10 min – 30% (В), necessary at the end of the gradient (Figure 1). Several authors have 
15-22 min – gradient was held at 50% (В), 23-27 min – 100% (C), 31 proposed methods for identifying polyphenolic constituents by 
min – 15 % (B). The injection volume was 10 µL; the mobile phase HPLC with diode array detector targeting part (Croizer et al., 1997; 

-1flow rate was kept constant at 0.8 mL min . Merken et al., 2000) or all compounds (Sakakibara et al., 2003). The 
time of analysis varied significantly between the different methods – 

Preparation of standard solutions from several minutes to over six hours (Sakakibara et al., 2003; Rijke 
Exactly 5 mg each of chlorogenic acid, caffeic acid, p-coumaric et al., 2006). Run time of 0.5–1 h is usually sufficient to separate five 

acid, ferulic acid, rutin, myricetin, naringenin and quercetin to ten compounds of interest (Franke and Custer, 1994; Fabre et al., 
reference materials were dissolved in 20 % Methanol in a 50 mL 2001). 
volumetric flask in order to obtain 100 ppm mixed stock solution. The retention times obtained for the studied polyphenolic acids 
Standard solutions with seven different concentrations (0.1, 0.3, 0.7, (Table 1) followed the same order as those established by 
1, 3, 7, 10 ppm) were prepared by dilution of the stock solution in 10 Sakakibara et al. (2003). Well separated peaks could be seen on 
mL volumetric flasks with 20 % Methanol. Figure 1, which shows that the obtained chromatographic resolution 

is good enough and allows simultaneous determination of the eight 
Analytical parameters and statistical analysis analytes. The intra-day precision of the retention time (RT) for each 
Some analytical features of the method such as limit of compound was evaluated.  The calculated   RSDs of the RT are 

detection (LOD), limit of quantification (LOQ), linearity and precision given in Table 1. With the exception of Qurcetin (RSD=5.9), the other 
were estimated. Method linearity was evaluated by visual inspection analytes exhibit very good repeatability of the retention times within 
of a plot of signals as a function of analyte concentration. Seven one day (RSD < 3%).
different concentrations of the standard solution in the range of 0.01 The results presented in Table 2 show the mean peak areas, 
– 1 ppm were used for establishment of linearity. Each standard obtained for each compound in seven concentration levels in 
solution was injected three times and the value of peak area for each triplicates. For concentrations above 0.3 ppm the corresponding 
concentration and for each substance was recorded. The calibration RSDs are less than 5%. Only for Myricetin the peak areas 
curve was obtained by plotting a graph of mean peak areas to the repeatability is good enough for concentrations above 1 ppm. The 
corresponding concentrations of each substance. The slope and the present repeatability was similar to those of other methods (Hertog 
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 (b ) and the slope of calibration 0

curve (b ) according to the formula: (3*SD-b )/b . LOQ was 1 0 1

calculated according to the formula: (10*SD-b )/b . 0 1

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 (dH O), 2

dried, and frozen at -20°C. Samples were freeze-dried, ground for a 

Table 1. Retention time (RT) and intra-day RSD's of the
studied compounds

Compounds RT, min RSD, %

Chlorogenic acid

Caffeic acid

P-coumaric acid

Ferulic acid

Rutin

Myricetin

Qurcetin

Narengenin

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
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et al., 1992). an acceptable degree of accuracy and precision. Both LOD and 
The data presented on Figure 2 shows that within the studied LOQ of the optimized method were evaluated using 3*SD and 

2 10*SD criteria, respectively. The results indicated that LOD varied concentration range there was a good correlation (R  > 0.995) 
from 0.005 to 0.19 ppm, while LOQ is from 0.02 to 0.63 ppm (Table between mean peak area and concentration of the studied 
3). In the present system the most sensitive polyphenolic acid was p-hydroxycinnamic acids and flavonoids. The visual observation 
coumaric acid, while the most sensitive flavonoid was naringenin, suggests that the response of detector was linear in the tested range 
determined at up to 0.005 ppm and 0.02 ppm, respectively. The most for all studied compounds.
insensitive were caffeic acid from the polyphenilic acids and Limit of detection (LOD) refers to the lowest concentration of 
myricetin from the flavonoids with detection limits 0.02 and 0.63 analytes in a sample, which can be detected but not necessarily 
ppm, respectively. These results are in agreement with those quantified, while Limit of quantification (LOQ) is the lowest 
obtained by Sakakibara et al. (2003), where p-coumaric acids was concentration of analytes in a sample, which can be quantified with 

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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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) 

Concen tration,

ppm

Concen tration,

ppm

0.1

0.3

0.7

1.0

3.0

7.0

10.0

0.1

0.3

0.7

1.0

3.0

7.0

10.0

3.0

7.2

16.0

24.5

74.9

189.3

301.8

0.7

1.6

3.2

4.9

13.6

32.6

50.7

1.9

1.6

4.7

0.9

0.1

0.1

0.2

11.0

0.1

3.1

4.1

1.1

0.3

0.3

6.7

16.3
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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 
determined at the lowest quantity compared to chlorogenic, ferulic National Science und under Bulgarian Ministry of ducation and 
and caffeic acids and myricetyn was the most insensitive among the Science (grant  DM 03 76).
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 

 2006. The above, an ultrasonic extraction and HPLC determination of 
stereochemistry of flavonoids. In: The Science of flavonoids (ed. polyphenols in tomato fruits was performed. The obtained results 

rich Grotewold). Springer Science Business Media, Inc, 1-46. indicate that the main polyphenolic constituents found in tomato 
 2010. Plant phenolics: extraction, analysis sample by the adopted method are rutin and chlorogenic acid 

and their antioxidant and anticancer properties. Molecules, 15, ( igure 2). The concentrations of ferulic, p-coumaric acid and 
7313-7352.naringenin in the analyzed tomato sample were low, while myricetin 

ł  2007. The and quercetin were not detected. ver 100 polyphenolic compounds 
influence of time and type of solvent on efficiency of the extraction of occur in tomato fruits but their content varies widely depending on 
polyphenols from green tea and antioxidant properties obtained the genotype, environmental factors, agricultural techniques, etc. 
extracts. Acta Scientiarum Polonorum  Technologia Alimentaria, 6, (Slimestad and erheul, 2009). In the present study the analysis of 
27-36. the individual flavonoids was performed without hydrolysis of the 

2001. sample and therefore rutin was the predominant flavonoid, while the 
Determination of flavone, flavonol, and flavanone aglycones by concentration of its aglicone quercetin was very low (Stewart et al., 
negative ion liquid chromatography electrospray ion trap mass 2000). 

.            
 -         

.         
      

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
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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