
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

DEVELOPMENT AND EVALUATION OF AN HPLC/DAD METHOD FOR
THE ANALYSIS OF PHENOLIC COMPOUNDS FROM OLIVE FRUITS
Ana F. Vinhaa; Branca M. Silvaa; Paula B. Andradea; Rosa M. Seabraa; José A. Pereiraa; M. Beatriz
Oliveirab

a CEQUP, Serviço de Farmacognosia, Universidade do Porto, Porto, Portugal b CEQUP, Serviço de
Bromatologia, Faculdade de Farmácia, Universidade do Porto, Porto, Portugal

Online publication date: 01 November 2002

To cite this Article Vinha, Ana F. , Silva, Branca M. , Andrade, Paula B. , Seabra, Rosa M. , Pereira, José A. and Oliveira,
M. Beatriz(2002) 'DEVELOPMENT AND EVALUATION OF AN HPLC/DAD METHOD FOR THE ANALYSIS OF
PHENOLIC COMPOUNDS FROM OLIVE FRUITS', Journal of Liquid Chromatography & Related Technologies, 25: 1,
151 — 160
To link to this Article: DOI: 10.1081/JLC-100108546
URL: http://dx.doi.org/10.1081/JLC-100108546

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1081/JLC-100108546
http://www.informaworld.com/terms-and-conditions-of-access.pdf


DEVELOPMENT AND EVALUATION OF AN

HPLC=DAD METHOD FOR THE ANALYSIS
OF PHENOLIC COMPOUNDS FROM

OLIVE FRUITS

Ana F. Vinha,1 Branca M. Silva,1 Paula B. Andrade,1
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ABSTRACT

A new HPLC=DAD methodology for separating nine phe-

nolic compounds is described. This methodology is applied to

the definition of qualitative and quantitative profiles of three

Portuguese olive fruit cultivars (Cobrançosa, Madural and Ver-

deal). Two different extraction methods were needed for the

complete definition of their profiles, one of them including a

Sep-pack C18 cleaning step.

The chromatographic separation was achieved using a

Spherisorb ODS2 (25.060.46 cm; 5 mm, particle size) column.
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The solvent system used was a gradient of water-formic acid

(19:1) and methanol, with a flow rate of 0.9 mL=min.

The detection limit values for phenolic compounds were

between 0.04 and 4.32 mg=mL and the method was precise. As a

general rule, the recovery values were high.

This technique can also be useful in the discrimination of

Portuguese olive fruit cultivars.

INTRODUCTION

Polyphenolic compounds influence the sensorial properties of olive fruits

and virgin olive oils and are important markers for studying fruit characteristics

of different cultivars and for controlling oil production processes. (1,2) This class

of phenolic compounds are widespread in nature and have been successfully

applied to quality control of plant foodstuffs, (3) namely of fruit derivatives. (4)

A few chromatographic methods have been used to study the phenolic

compounds of olive fruit. (5–9) So, this paper reports the development of a new

HPLC=DAD methodology to separate, identify, and quantify nine phenolic

compounds usually described in olive fruit. For an accurate quantification of all

phenolics identified, two different extraction methods were needed.

EXPERIMENTAL

Olive Fruit Samples and Standards

Olive fruit samples (Cobrançosa, Madural and Verdeal cultivars) were

harvested in November, in Trás-os-Montes (Northeast of Portugal). The cores

were removed, and the pulps were immediately stored at �50�C, and lyophilized.

Each lyophilized pulp was powdered before extraction of phenolic compounds.

The standards were from Sigma (St. Louis, MO, USA) and from

Extrasynthése (Genay, France). Methanol and n-hexane were obtained from

Merck (Darmstadt, Germany). The water was treated in a Milli-Q water

purification system (Millipore, Bedford, MA, USA).

Solid-Phase Extraction (SPE) Columns

SPE-columns with the non-polar sorbent ISOLUTE C18 (non end-capped)

(NEC) (50 mm particle size, 60 Å porosity; 10 g sorbent mass=70 mL reservoir
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volume) were purchased from International Technology Ltd (Mid Glamorgan,

UK).

Extraction of Phenolic Compounds from Olive Fruits

Extraction via SPE Column

Each olive fruit sample (ca. 1.5 g) was thoroughly mixed with methanol

until complete extraction of the phenolic compounds (negative reaction to NaOH

20%). The methanolic extract was filtered, concentrated to dryness under reduced

pressure (40�C), and redissolved in acid water (pH 2 with HCl) (� 50 mL). The

aqueous solution was then passed through an Isolute C18 (NEC) column,

previously conditioned with 60 mL of methanol and 140 mL of acid water (pH 2

with HCl). The loaded cartridge was washed with n-hexane (10) and phenolic

compounds were eluted with methanol. The methanolic extract was evaporated to

dryness under reduced pressure (40�C), redissolved in methanol (4 mL), and

20 mL were analysed by HPLC.

Extraction via Simplified Technique

Each olive fruit sample (ca. 1.5 g) was thoroughly mixed with methanol

until complete extraction of the phenolic compounds (negative reaction to NaOH

20%). The methanolic extract was filtered, evaporated to dryness under reduced

pressure (40�C), redissolved in methanol (4 mL), and 20 mL were analysed by

HPLC.

HPLC Analysis of Phenolic Compounds

Separation of phenolics was achieved with an analytical HPLC unit

(Gilson), using a Spherisorb ODS2 (25.060.46 cm; 5 mm, particle size) column.

The solvent system used was a gradient of water-formic acid (19:1) (A) and

methanol (B): 0’ - 5% B, 3’ - 15% B, 13’ - 25% B, 25’ - 30% B, 35’ - 35% B, 39’

- 40% B, 42’ - 45% B, 45’ - 45% B, 50’ - 47% B, 60’ - 48% B, 64’ - 50% B, 66’ -

100% B. The solvent flow rate used was 0.9 mL=min. Detection was achieved

with a Gilson diode array detector (DAD), and chromatograms were recorded at

280 and 320 nm. The data were processed on a Unipoint1 system software

(Gilson Medical Electronics, Villiers le Bel, France). The compounds in each

sample were identified by comparing their retention times and UV-Vis spectra in

the 200–400 nm range, with the library of spectra previously compiled by the
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authors. Peak purity was checked by means of the Gilson 160 SpectraViewer

Software Contrast Facilities.

Phenolic compounds quantification was achieved by the absorbance

recorded in the chromatograms relative to external standards. Once hydroxy-

tyrosol and verbascoside were not commercially available, they were quantified

as tyrosol and 5-O-caffeoylquinic acid, respectively. The other compounds

were quantified as themselves.

RESULTS AND DISCUSSION

Analytical Curves and Detection Limits

Under the assay conditions described, a linear relationship (Table 1)

between the concentration of tyrosol and oleuropein and the UV absorbance at

280 nm was obtained, as happened with 5-O-caffeoylquinic acid, luteolin-7-O-

glucoside, rutin, apigenin-7-O-glucoside, quercetin 3-rhamnoside, and luteolin

and the UV absorbance at 320 nm. The correlation coefficient for the standard

curves invariably exceeded 0.98, for all phenolic compounds. The calibration

curves (Table 1) were obtained by triplicate determinations of each of the

calibration standards; the peak area values (arbitrary units) were plotted as

average values. The relative percent average deviations of triplicates were less

than 2%, in all cases. The detection limit values were calculated as the

Table 1. Equations for Regression Lines and Correlation Coefficients, Concentration

Range of Linearity and Detection Limits for Phenolic Compounds

Phenolic Compounds Equation

Linearity

(mg=mL)

Detection

Limit

(mg=mL)

Tyrosol y0 ¼ 1.066107x r¼ 0.99418 120.0–960.0 2.21

5-O-Caffeoylquinic acid y¼ 5.376108x r¼ 0.99835 50.0–400.0 0.04

Luteolin 7-O-glucoside y¼ 3.416107x r¼ 0.99867 120.0–960.0 0.69

Oleuropein y0 ¼ 5,446106x r¼ 0.98588 625.0–5000.0 4.32

Rutin y¼ 1.966107x r¼ 0.99856 487.5–3900.0 1.20

Apigenin 7-O-glucoside y¼ 5.466107x r¼ 0.99850 117.5–940.0 0.43

Quercetin 3-O-rhamnoside y¼ 3.486107x r¼ 0.99860 75.0–600.0 0.68

Luteolin y¼ 5.366107x r¼ 0.99856 47.5–380.0 0.44

y – peak area at 320 nm; y0 – peak area at 280 nm; x – mg of phenolic compound;

r – correlation coefficient.

154 VINHA ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

concentration corresponding to three times the standard deviation of the

background noise.

Validation of the Method

The phenolics from three Portuguese olive fruit cultivars were analysed by

the proposed technique (Table 2), in order to validate this procedure and assess its

application to the routine phenolic analysis of olive fruits. Due to the low

recovery rate of oleuropein when the extraction via SPE column was used, the

simplified technique was for its quantification in olive fruit cultivars.

With the extraction via the SPE column, the chromatograms (Figure 1)

appeared somewhat cleaner than those obtained with the extraction via the

simplified technique and, as a general rule, the amount of each phenolic

compound extracted was higher, except for oleuropein (Figure 2). The retention

times (RT) obtained for phenolic compounds were: RT 8 min 58 sec for

hydroxytyrosol; RT 16 min 26 sec for 5-O-caffeoylquinic acid; RT 32 min 12 sec

for verbascoside; RT 41 min 8 sec for luteoline-7-O-glucoside; RT 42 min 15 sec

for oleuropein; RT 43 min 37 sec for rutin; RT 46 min 15 sec for apigenin-7-O-

glucoside; RT 47 min 31 sec for quercetin 3-rhamnoside and RT 61 min 58 sec for

luteolin.

The extract obtained from Cobrançosa olive fruit has the same qualitative

composition as that obtained from Madural olive fruit. Verdeal olive fruit

exhibited a similar phenolic composition, but verbascoside was not present.

Table 2. Phenolic Compounds Composition of Olive Fruit Samples (mg=Kg)a

(Quantification by External Standard Techniques)

Cultivars

Phenolic Compounds Cobrançosa Madural Verdeal

Hydroxytyrosol 1439.8 (28.42) 44684 (144.50) 558.5 (27.69)

5-O-Caffeoylquinic acid 1.9 (0.03) 4.4 (0.14) 1.1 (0.02)

Verbascoside 44.5 (0.85) 47.1 (0.91) —

Luteolin 7-O-glucoside 218.3 (3.98) 840.8 (7.37) 36.9 (0.05)

Oleuropein* 2570.6 (59.96) 17994.7 (458.08) 36837.3 (143.59)

Rutin 505.4 (4.08) 959.1 (15.51) 158.3 (1.92)

Apigenin 7-O-glucoside 38.5 (0.86) 134.7 (3.42) 15.1 (0.10)

Quercetin 3-O-rhamnoside 60.1 (1.26) 113.7 (5.98) 19.5 (0.18)

Luteolin 26.0 (0.51) 53.5 (1.43) 2.2 (0.46)

aValues are expressed as mean (standard deviation) of three determinations.

*Oleuropein was determined by the simplified technique.
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The precision of the analytical method was evaluated by measuring the

peak chromatographic area of phenolic compounds six times on the same sample.

The analytical method is precise, once the coefficients of variation of phenolics

were between 0.81 and 2.22% (n¼ 6) (Table 3).

In order to study the recovery of the procedure, a powdered olive fruit

sample was added to known quantities of luteoline-7-O-glucoside, oleuropein,

rutin, apigenin-7-O-glucoside, quercetin 3-rhamnoside, and luteolin (Table 4).

The sample was analysed in triplicate before and after the additions. Recovery

Figure 1. HPLC profile of olive fruit sample (Madural cultivar) obtained by SPE

column. (1) hydroxytyrosol; (2) 5-O-caffeoylquinic; (3) verbascoside; (4) luteolin 7-O-

glucoside; (5) oleuropein; (6) rutin; (7) apigenin 7-O-glucoside; (8) quercetin 3-O-

rhamnoside; (9) luteolin.
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values were between 87.3 and 94.9% for luteoline-7-O-glucoside, 90.2 and

96.9% for oleuropein, 78.3 and 88.3% for rutin, 82.0 and 97.1% for apigenin-7-

O-glucoside, 77.9 and 85.2% for quercetin 3-rhamnoside, and 88.5 and 100.6%

for luteolin. This procedure demonstrated the effectiveness of the extraction and

the accuracy of the proposed method.

Figure 2. HPLC profile of olive fruit sample (Madural cultivar) obtained by extraction

via simplified technique. (1) hydroxytyrosol; (2) 5-O-caffeoylquinic; (3) verbascoside; (4)

luteolin 7-O-glucoside; (5) oleuropein; (6) rutin; (7) apigenin 7-O-glucoside; (8) quercetin

3-O-rhamnoside; (9) luteolin.

Table 3. Evaluation of the Analytical Method Precision (n¼ 6) (Quantification by

External Standard Techniques)

Phenolic Compounds SD (mg=Kg) CV (%)

Hydroxytyrosol 28.42 1.97

5-O-caffeoylquinic acid 0.03 1.81

Verbascoside 0.85 1.90

Luteolin-7-O-glucoside 3.98 1.82

Oleuropein* 32.67 1.65

Rutin 4.08 0.81

Apigenin-7-O-glucoside 0.86 2.22

Quercetin-3-O-rhamnoside 1.26 2.09

Luteolin 0.51 1.98

SD – standard deviation; CV – coefficient of variation.

*Oleuropein was determined by the simplified technique.
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In conclusion, the proposed procedure is sensitive, reproducible, and

accurate; suitable for routine analysis of phenolics in olive fruits, allowing the

discrimination of different cultivars of Portuguese olive fruits from Trás-os-

Montes.
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