
Rapid Determination of Simple Polyphenols
in Grapes by LC Using a Monolithic Column

Ali Liazid1, Gerardo F. Barbero1, Miguel Palma1,&, Jamal Brigui2, Carmelo G. Barroso1

1 Grupo de Investigación Quı́mico Analı́tico del Vino y Productos Agroalimentarios, Departamento de Quı́mica Analı́tica, Facultad de
Ciencias, Universidad de Cádiz, Apdo 40, 11510 Puerto Real, Cádiz, Spain; E-Mail: miguel.palma@uca.es
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Abstract

The development of a rapid, reliable and reproducible LC method for the determination and
quantification of 13 polyphenols (gallic acid, protocatechuic aldehyde, gentisic acid, cate-
chin, vanillinic acid, caffeic acid, vanillin, epicatechin, syringaldehyde, p-coumaric acid,
ferulic acid, sinapic acid and resveratrol) in grapes and derived products is reported.
The polyphenols were separated in less than 8 min. Employed was an RP-18e
(100 mm 9 4.6 mm) monolithic type column. A gradient method with the following solvents
was utilised for the chromatographic separation: A: 90% water, 2% acetic acid in methanol,
and B: 90% methanol, 2% acetic acid in water. Two detectors in series were employed: a
UV–Vis detector and a fluorescence excitation/emission detector. Influence of temperature
(15–40 �C) and solvent flow rate (2–5 mL min-1) on the separation were studied, and 25 �C
and 2.5 mL min-1 were found to be the optimum conditions. The relative standard deviations
of the resulting peak areas, for both intra- and inter- experiments, were less than 2.4 and
2.6%, respectively. Finally, the developed method has been utilised for the quantification of
the polyphenols in real samples.
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Introduction

Phenolic compounds represent a large

number of compounds of great interest

for the natural products chemistry.

These compounds are widely distributed

in plants, especially in fruits and

their derivatives. They can be defined

chemically as the compounds character-

ised by incorporating in their structure at

least one aromatic ring containing one

free or substituted hydroxyl group (esters,

methyl-esters, glycosides, etc.) [1, 2].

In recent years there has been

increasing interest in the determination

of phenolic compounds in fruits, wines

and other foods. The reasons for this

interest are: (i) these compounds play an

important role in the flavour and colour

of foods [3]; (ii) they act as natural

antioxidants [4]; and (iii) various inter-

esting biological activities have been

found [5], including those related to

human health [6].

Many modern techniques, such as

liquid chromatography (LC) [7–11], have

been employed to characterise and

identify phenolic compounds in foods.

Reverse phase-liquid chromatography

(RP-LC) using conventional RP C18

columns has proved to be the most

appropriate technique for determining

these compounds sufficiently sensitive

and precise. Unfortunately, chromato-

graphic analyses often take excessive

time and sometimes must be preceded by

a time-consuming sample cleanup step

[12].

However, non-conventional mono-

lithic supports for column packings are

increasingly attracting the interest of

researchers [13, 14]. Due to their rigid
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and porous structure, they enable higher

solvent flows, shorter assay times, and

fast column re-equilibration between

runs [15]. To date, relatively few sepa-

rations with monolithic columns have

been described in the literature on the

subject of phenols analysis [16–20].

Apers et al. [16] have used a mono-

lithic column to obtain a reduction of 2.4

times in the separation time of isoflav-

ones, compared to a conventional C-18

column. Chinnici et al. [17] separated the

phenolic compounds of apple in less

than 21 min using a monolithic column,

whereas 55 min were needed to separate

these compounds with a classical column

[21].

Castellari et al. [13] were able to

reduce the time for the separation of

phenolic compounds in wine to 31 min

using a monolithic column, whereas the

separation of these compounds in wine

with a C-18 column in RP-LC had pre-

viously required 120 min [22].

Besides LC with monolithic columns,

a related technique, ultra performance

liquid chromatography (UPLC), has

also been used for these compounds.

Very short separation methods have

been developed in the last years, for

example 3.2 min were needed for phen-

olics found in wines [23], 3.7 min for

phenolics in spirits [24] and 9.5 min for

phenolics in vanilla [25]. UPLC is a very

attractive alternative to reduce the total

analysis time, however a monolithic

column allows for a similar time reduc-

tion using regular LC equipments.

This article describes the develop-

ment of a new rapid and reproducible

analysis method of 13 phenolic com-

pounds representative for the various

different families (catechins, hydroxy-

cinnamic acids, hydroxybenzoic acids,

stilbene, and benzoic aldehydes) by

employing a monolithic column. Two

detectors in series were utilised; this

permits greater selectivity in the quanti-

fication of the compounds.

Experimental

Chemical and Reagents

Methanol and acetic acid (Merck,

Darmstadt, Germany) used were LC

Fig. 1. Chemical structures of the compounds utilised in the development of the method

Table 1. Retention times (min) (n = 3) of the different polyphenols employing methods of
separation in isocratic regime

Compound Methods

1
(100%A)

2
(97%A)

3
(94%A)

4
(91%A)

5
(88%A)

6
(85%A)

Gallic acid (1) 0.88 0.85 0.82 0.78 0.77 0.75
Protocatechuic
aldehyde (2)

1.70 1.53 1.37 1.26 1.16 1.08

Gentisic acid (3) 1.95 1.77 1.59 1.46 1.34 1.24
(+)-Catechin (4) 2.20 1.80 1.48 1.28 1.12 1.02
Vanillinic acid (5) 2.89 2.48 2.11 1.84 n.a. n.a.
Caffeic acid (6) 3.21 2.72 2.26 1.93 n.a. n.a.
Vanillin (7) 4.07 3.38 2.78 2.37 2.03 1.78
Epicatechin (8) 5.63 4.14 3.03 2.33 n.a. n.a.
Syringic aldehyde (9) n.a. n.a. 3.63 2.91 2.38 2.00
p-Coumaric acid (10) n.a. n.a. 4.01 3.36 2.83 2.40
Ferulic acid (11) 9.24 7.22 5.58 4.42 3.55 2.90
Sinapic acid (12) 13.35 9.75 7.07 5.27 4.03 3.15
Resveratrol (13) >15 >15 >15 13.80 10.11 7.53

n.a. not available, overlapped peaks
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grade. Water was supplied by a Milli-Q

water purifier system from Millipore

(Bedford, MA, USA). Phenolic stan-

dards were obtained from Sigma (St.

Louis, MO, USA). The standards used

were: gallic acid, protocatechuic alde-

hyde, gentisic acid, catechin, vanillinic

acid, caffeic acid, vanillin, epicatechin,

syringaldehyde, p-coumaric acid, ferulic

acid, sinapic acid, and resveratrol, all

of them with purity higher than 95%.

The chemical structures are shown in

Fig. 1.

Stock solutions of the standards were

prepared by dissolving all compounds in

methanol and water (50:50, v/v) and then

stored in a freezer at -20 �C. The sta-

bility of the stock solutions was moni-

tored and no changes in concentrations

were observed.

Chromatographic Analysis

The chromatographic analyses were

carried out in a Dionex chromatographic

system (Sunnyvale, CA, USA), consist-

ing of an automated sample injector

(ASI-100), pump (P680), thermostatic

column compartment (TCC-100), a

photodiode array detector (PDA-100), a

fluorescence detector (RF 2000), a uni-

versal chromatography interface (UCI-

50) and Chromeleon 6.60 software.

Phenolic compounds were separated

using a Chromolith Performance PR-18e

(100 mm 9 4.6 mm) monolithic column

(Merck). The optimized gradient was as

follows (time, solvent A): 0 min, 100%;

1 min, 94%; 4 min, 94%; 5 min, 87%;

6 min, 60%; 9 min, 50%; 14 min, 0%.

The chromatographic separation

was performed with a mixture of stan-

dards. The polyphenols were analysed

by detection with photodiode array

and fluorescence spectroscopy. In the

UV–Vis spectra the wavelengths used for

quantification were 260 and 320 nm,

while in fluorescence detection, two

combinations of wavelengths were uti-

lised for excitation/emission: 280/310

and 310/403. The first combination was

employed for the determination of cate-

chin and epicatechin [26] and the second

one for the determination of resveratrol

[27].

Table 2. Mean resolution (n = 3) of the chromatographic peaks obtained applying the method
in gradient at different temperatures

Compound Temperature (ºC)

15 25 30 35 40

Gallic acid 5.09 5.19 5.05 4.79 4.42
Protocatechuic aldehyde 1.17 1.20 1.16 1.01 n.a.
Gentisic acid 2.82 3.45 3.42 n.a. n.a.
(+)-Catechin 2.35 2.82 2.86 n.a. n.a.
Vanillinic acid 1.05 1.07 0.86 n.a. n.a.
Caffeic acid 1.88 2.70 2.82 n.a. n.a.
Vanillin 3.44 4.26 4.03 3.22 2.82
Epicatechin 5.29 9.54 9.79 8.39 11.78
Syringic aldehyde 1.04 1.23 n.a. n.a. n.a.
p-Coumaric acid 3.52 6.18 n.a. n.a. n.a.
Ferulic acid 1.46 3.56 3.76 3.31 2.51
Sinapic acid 3.16 5.33 5.35 5.14 4.38
Resveratrol 4.68 5.50 5.78 5.06 5.64

n.a. not available, overlapped peaks

Fig. 2. Chromatograms obtained employing the method in gradient developed. Detection
conditions: diode array detector: k = 260 nm (a), k = 320 nm (b). Fluorescence detector
(excitation/emission) (c): 280/310 (from start until 7.0 min) and 310/403 (from 7.0 min until the
end). Peak identification: 1 = gallic acid, 2 = protocatechuic aldehyde, 3 = gentisic acid,
4 = (+)-catechin, 5 = vanillinic acid, 6 = caffeic acid, 7 = vanillin, 8 = epicatechin, 9 = syrin-
gic aldehyde, 10 = p-coumaric acid, 11 = ferulic acid, 12 = sinapic acid, 13 = resveratrol
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Statistical Software

The limits of detection and quantifica-

tion have been calculated using AL-

AMIN software [28]. Regression

equations, correlation coefficients and

relative standard deviations were calcu-

lated using Excel 2007 software (Micro-

soft, Redmond, WA, USA).

Results and Discussion

Isocratic Methods

Initially the development of the method

was begun with a flow of 2.5 mL min-1.

The solvents customarily utilised in the

separation of these compounds in

methods developed with classical col-

umns were employed as mobile phase

[29]. First, various different methods for

the separation of polyphenol standards

present in the mixture were studied in

isocratic elution. Six methods in isocratic

elution were tested: method 1 (100%

solvent A); method 2 (97% solvent A);

method 3 (94% solvent A); method 4

(91% solvent A); method 5 (88% solvent

A) and method 6 (85% solvent A). It was

decided to limit the analysis time to

15 min; hence data of peaks eluting

afterwards were not collected. The tem-

perature in the column was held constant

at 25 �C.
Table 1 shows that, employing

methods 1 and 2, there was not a good

separation of the peaks corresponding

to compounds siringaldehyde and

p-coumaric acid. However, separation

between the compounds analysed was

obtained with methods 3 and 4 (94%

A and 91% A). When the percentage

of the more polar solvent was as low

as 88% (method 5) peak overlapping

of three other compounds; epicatechin,

vanillinic acid and caffeic acid

occurred. Nevertheless, epicatechin can

be quantified individually employing

the signal recorded by the fluorescence

detector.

The isocratic method 3 is not con-

sidered adequate since the latter peak

eluted presents a retention time of more

than 15 min. Employing the isocratic

method 4 (91% of solvent A), all the

compounds were eluted in a time of less

Table 3. Mean resolution (n = 3) of the chromatographic peaks obtained applying different flow rates of the mobile phase

Compound Flowrate (mL min-1)

2 2.5 3 3.5 4 4.5 5

Gallic acid 5.3 5.2 5.1 5.1 4.7 4.6 n.a.
Protocatechuic aldehyde 1.3 1.2 1.2 1.2 1.2 1.1 1.0
Gentisic acid 3.6 3.6 3.6 3.6 3.4 3.4 3.3
(+)-Catechin 3.1 3.0 2.9 2.9 2.7 2.6 2.6
Vanillinic acid 1.1 1.0 0.9 0.9 1.0 0.9 0.9
Caffeic acid 2.9 2.9 2.8 2.8 2.6 2.5 2.5
Vanillin 4.5 4.3 4.3 4.1 4.0 3.9 3.7
Epicatechin 9.9 9.7 8.9 7.9 7.6 7.4 7.2
Syringic aldehyde 1.3 1.1 n.a. n.a. n.a. n.a. n.a.
p-Coumaric acid 5.6 6.2 n.a. n.a. n.a. n.a. n.a.
Ferulic acid 2.2 3.6 4.1 4.5 3.8 3.7 3.6
Sinapic acid 5.9 6.9 6.3 7.5 5.9 5.1 6.2
Resveratrol 5.4 5.5 5.4 5.3 4.6 4.6 5.5

n.a. not available, overlapped peaks

Table 4. Calibration curves of the compounds analysed

Compound k (nm) a b r2 LD (mg L-1) LQ (mg L-1) Range of
concentration (mg L-1)

Gallic acid k = 260 0.0106 0.3986 0.9999 0.040 0.132 0.51–20.37
Protocatechuic aldehyde k = 320 -0.0676 0.5102 0.9997 0.384 1.281 0.39–15.43
Gentisic acid k = 320 -0.0777 0.2378 0.9990 1.433 4.777 2.51–40.10
(+)-Catechin kex = 280; kemi = 310 0.0583 7.3050 0.9999 0.027 0.090 0.11–4.25
Vanillinic acid k = 260 -0.0276 0.6179 0.9998 0.095 0.121 0.56–22.43
Caffeic acid k = 320 -0.0231 0.8846 0.9998 0.050 0.167 0.25–10.08
Vanillin k = 320 -0.0169 0.4869 0.9999 0.150 0.498 0.39–15.65
Epicatechin kex = 280; kemi = 310 0.0241 6.3546 0.9998 0.020 0.065 0.08–3.33
Syringic aldehyde k = 260 -0.0144 0.0655 0.9997 0.344 1.145 1.26–50.40
p-Coumaric acid k = 260 -0.014 0.3089 0.9998 0.081 0.270 0.13–5.22
Ferulic acid k = 320 -0.1243 0.8083 0.9999 0.149 0.496 0.56–22.52
Sinapic acid k = 320 -0.0655 0.7459 0.9999 0.192 0.641 0.76–30.29
Resveratrol kex = 310; kemi = 403 -0.0713 10.4320 0.9999 0.013 0.042 0.02–0.97

Absorbance = a + b 9 concentration (mg L-1)
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than 15 min. With this method the val-

ues of resolution were found to be higher

than 1.9 for all the compounds, with the

exception of the pairs: gentisic acid–

vanillinic acid and vanillinic acid–caffeic

acid.

Thus, the isocratic methods 3 and 4

represent good starting points for the

development of gradient methods that

allow separation in shorter times.

Gradient Method

Taking isocratic methods as the base, the

following gradient (time (min), solvent A

(%)) was assayed: 0, 100%; 1, 94%; 4,

94%; 5, 87%; 6, 60%; 9, 50%; 14, 0%.

As can be observed in this gradient

method, between 0 and 4 min, the com-

bination of isocratic methods 1 and 3

was utilised, with the intention of

obtaining the separation of the com-

pounds vanillinic acid and caffeic acid.

Figure 2 shows the resulting chro-

matogram. Therefore, an acceptable

complete separation of the compounds

studied was obtained, with a good reso-

lution of the chromatographic peaks,

and with a very substantial shortening of

the analysis time, especially for resvera-

trol, when compared with the isocratic

methods.

Selection of the Temperature

After developing the optimum gradient

of separation of the polyphenols present

in the standard mixture, the effect of the

column temperature on the chromato-

graphic resolution of the peaks was

studied, with the same gradient as de-

scribed above. The study was conducted

using different column temperatures (15,

25, 30, 35 and 40 �C). The flow rate of

solvent was 2.5 mL min-1.

Table 2 presents the resolution of the

chromatographic peaks corresponding

to each of the polyphenols studied, at the

temperature tested. From these data it

can be concluded that is possible to

employ temperatures between 15 and

25 �C for obtaining good resolutions of

the compounds assayed. The best results

were obtained at 25 �C. Temperatures

higher than 25 �C produce a loss of

resolution, principally between peaks

corresponding to the groups: syringic

aldehyde and p-coumaric acid; and gen-

tisic acid, catechin, vanillinic acid and

caffeic acid (although, as stated, catechin

can be quantified individually employing

the signal recorded by the fluorescence

detector).

Selection of the Flow Rate

The influence of the flow rate of the

mobile phase on the chromatographic

resolution was studied and flow rates of

2, 2.5, 3, 3.5, 4, 4.5 and 5 mL min-1 were

employed.

Table 3 shows the resolutions of the

chromatographic peaks corresponding

to the polyphenols studied at different

flow rates. It can be confirmed that good

chromatographic resolutions were ob-

tained with solvent flow rates of up to

2.5 mL min-1. At flow rates higher than

3 mL min-1 some peaks (syringaldehyde

and p-coumaric acid) were not resolved.

Between 2 and 2.5 mL min-1 the differ-

ences between the resolutions obtained

were small; therefore the higher rate was

selected as the working flow rate, since it

gave a slightly shorter total analysis time

(7.25 min vs 7.73 min).

Characteristics of the Method

Calibration curves were produced with

the method developed. The results ob-

tained are presented in Table 4.

Table 5. Repeatability (n = 9 in the same day) and reproducibility (n = 9 in 3 different days) of
the method developed expressed as Relative Standard Deviations (RSD)

Compound Repeatability Reproducibility

Intra-day (k) Intra-day (Area) Inter-day (k) Inter-day (Area)

Gallic acid 1.8 0.1 2.0 1.2
Protocatechuic
aldehyde

0.1 0.6 1.1 0.4

Gentisic acid 0.7 2.3 0.7 2.1
(+)-Catechin 1.4 0.4 1.1 0.4
Vanillinic acid 0.9 0.9 0.9 1.6
Caffeic acid 1.3 1.2 0.9 2.5
Vanillin 1.1 0.6 0.9 0.5
Epicatechin 1.8 0.3 1.2 0.8
Syringic aldehyde 1.6 0.4 1.0 0.5
p-Coumaric acid 1.4 0.9 0.9 1.7
Ferulic acid 1.0 0.5 0.9 1.5
Sinapic acid 0.6 1.0 0.4 1.6
Resveratrol 0.1 0.8 0.2 0.9

Fig. 3. Effect of the injection volume on the peak areas of p-coumaric acid and protocatechuic
aldehyde
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Using the final optimised conditions,

a total of 15 chromatographic analyses

of the same sample have been per-

formed, distributed as follows: 9 analy-

ses performed on the same day

(repeatability) and 3 more analyses on

each of the two consecutive days

(reproducibility). The repeatability and

reproducibility of the method developed

has been studied both for the peak area

of each phenolic compound and for the

retention factor of the compounds. The

results obtained, expressed as relative

standard deviation for both the repeat-

ability and the reproducibility in respect

of the retention factor and the peak area,

are given in Table 5.

It can be seen that for both parame-

ters, the error was below 2.4% when

measuring the repeatability of the

method. In respect of the reproducibil-

ity, maximum variations of 2.5% in area

and 2.0% in the retention factor were

obtained.

Robustness of the Method

Volume of Sample for
Analysis

To evaluate the effect of the injection

volume on the retention factors and peak

areas, a series of injections of different

volumes (10–50 lL) of the mixture of

standards was performed. The errors

obtained were low (average RSD =

1.27%) ranging from RSD = 0.19% for

resveratrol to RSD = 1.93% for epicat-

echin.

The influence of the injection volume

on the peak area measured for two

compounds (p-coumaric acid and pro-

tocatechuic aldehyde) are shown in

Fig. 3. It can be confirmed that for

p-coumaric acid a linear relationship is

found between the area and the injection

volume for all the volumes assayed (10–

50 lL), while for protocatechuic alde-

hyde, this linearity is only evident be-

tween 10 and 45 lL. This behaviour of

protocatechuic aldehyde was also found

for the compounds gentisic acid and

caffeic acid. Therefore, injection volumes

higher than 45 lL are not allowed for

the proposed method.

Table 6. Effect of the different percentages of methanol on the resulting peak areas

Compound Sample solvent

Water Water:Methanol
(1:1)

Methanol

Peak area RT Peak area RT Peak area RT

Gallic acid 3.46a 0.89 3.61a 0.87 3.63a 0.87
Protocatechuic aldehyde 4.39a 1.66 4.46a 1.63 4.24a 1.63
Gentisic acid 0.91a 1.85 0.99a 1.83 0.62b 1.83
(+)-Catechin 12.29a 1.96 12.24a 1.94 9.73b 1.96
Vanillinic acid 2.42a 2.44 2.41a 2.42 2.63b 2.45
Caffeic acid 2.32a 2.61 2.37a 2.58 1.31b 2.60
Vanillin 4.10a 3.13 4.10a 3.10 3.51b 3.13
Epicatechin 8.27a 3.46 8.34a 3.45 7.03b 3.51
Syringic aldehyde 6.52ab 4.00 6.69a 3.96 6.30b 4.03
p-Coumaric acid 2.13a 4.26 2.16a 4.22 1.37b 4.28
Ferulic acid 4.46a 5.73 4.48a 5.68 3.68b 5.76
Sinapic acid 2.79a 6.40 2.87a 6.39 2.28b 6.42
Resveratrol 4.03a 7.24 4.00a 7.24 3.75b 7.25

Means with the same superscripts (a-b) are not statistically different (P < 0.05). Means
without superscripts (a-b) are not statistically different (P < 0.05)

Fig. 4. Chromatograms obtained from real samples employing the final method. Detection
conditions: diode array detector: k = 260 nm (a), k = 320 nm (b). Fluorescence detector
(excitation/emission) (c): 280/310 (from start until 7.0 min) and 310/403 (from 7.0 min until the
end). Protcal: protocatechuic aldehyde, Cafta: caftaric acid, Couta: coutaric acid, Cafa: caffeic
acid, Cat: (+)-catechin, Epicat: epicatechin
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Sample Solvent

The extraction methods used for real

samples provide extracts with different

proportions of organic solvent in water

[30, 31]. The presence of the organic

solvent can introduce distortions in the

chromatographic peaks; therefore it is

necessary to evaluate the effect of the

sample solvent on the peaks obtained.

For this, a series of mixtures of stan-

dards prepared with different percent-

ages of methanol (0, 50 and 100%) in

water was employed.

Table 6 presents the effect on the

characteristics of the method, produced

by the solvent of the mixture prepared. It

must be emphasised that a significant

effect was not found on the retention

factors of the compounds analysed. In

case of the peak area, it can be observed

that there were no significant differences

between the peak areas by employing

percentages of methanol ranging from 0

to 50% in the sample. But, for a per-

centage of 100% of methanol, it was

observed that there were significant dif-

ferences for peak areas, as in compared

to peak areas obtained with percentages

of methanol from 0 to 50%. Therefore,

when the methanol in the samples ex-

ceeded 50%, it was necessary first to

eliminate part of methanol or to dilute it

with water, to be able to utilise the

developed method, without modifying

the method of integration of the chro-

matographic peaks.

Application to Real Samples

The method developed has been applied

in the determination of the polyphenols

present in the musts originating from

two varieties of grapes: Riesling (white)

and Monastrell (red) collected at the

beginning of the ripening. Sample

preparation was by filtration through

0.45 micron filters. Sample injection

volume was 25 lm. Figure 4 shows the

resulting chromatograms for the Ries-

ling variety.

In addition to some of the com-

pounds employed in the development of

the method, it was possible to quantify

other compounds for which standards

are not commercially available, such as

caftaric acid (caffeoyltartaric ester) and

coutaric acid (coumaroyltartaric ester)

which are also significant components of

many varieties of grapes. The retention

factors and quantities determined of the

compounds identified in the real samples

are presented in Table 7.

Conclusions

In this study a fast method using

monolithic columns has been developed,

which performs the separation of all

phenolic compounds in less than

7.3 min. Using a mixture of water and

methanol with acetic acid, the method

provides reliable, high-resolution and

reproducible results (RSD <2.0% for

both the retention factor and peak

areas).

The optimised method can be applied

to real samples (musts from both white

and red grapes) containing different

families of phenolics.
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