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Determination of phenolic acids by capillary 
zone electrophoresis and HPLC
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Abstract:  Selected phenolic acids are determined by capillary zone electrophoresis and HPLC, each using UV detection. The optimised CZE 
background electrolyte contained 50 mM acetic acid, 95 mM 6-aminocaproic acid, 0.1% polyacrylamide, 1% polyvinylpyrrolidone, 
and 10% methanol. Twelve phenolic acids (gallic, p-hydroxybenzoic, 3,4-dihydroxybenzoic, vanillic, syringic, o-coumaric, p-coumaric, 
caffeic, sinapic, ferulic, salicylic and chlorogenic) were separated within 10 minutes. Chromatographic separation of these phenolic 
acids was carried out on an Eclipse XBD C8 column using a mobile phase gradient (acetonitrile / methanol / water / 0.1% phosphoric 
acid); all were separated within 25 minutes. Electrophoretic and chromatographic determinations of ferulic and chlorogenic acids were 
compared on barley, malt, and potato samples. The methods’ characteristics were: linearity (1 – 20 mg ml and 0.2 – 4 mg ml-1), ac-
curacy (recovery 94 ± 5% and 96 ± 4%), intra-assay repeatability (4.1% and 3.5%), and detection limit (0.2 and 0.02 mg ml-1).
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1. Introduction
Phenolic acids are metabolites widespread throughout 
the plant kingdom, present in food plants mostly in 
bound form. The most common hydroxycinnamic 
acids are caffeic, p-coumaric and ferulic acids, which 
frequently occur in foods as simple esters with quinic 
acid or glucose. Probably the most well-known bound 
hydroxycinnamic acid is chlorogenic acid, which is a 
combination of caffeic and quinic acids. Hydroxybenzoic 
acid derivatives are mainly present as glucosides; 
p-hydroxybenzoic, vanillic and protocatechuic acids are 
most common. Phenolic compounds are essential for the 
growth and reproduction of plants, and are produced as 
a defence against pathogens. Recent interest in these 
natural antioxidants stems from their potential protective 
role against oxidative damage diseases (coronary heart 
disease, stroke, and cancers) through ingestion of fruits 
and vegetables and use in processed foods.

Phenolic acids in plants including barley (and malt 
as barley sprout) and potatoes have been determined 
by HPLC with UV or MS detection [1,2], capillary 

electrophoresis with UV or amperometric detection 
[3-5] and by on-line coupled isotachophoresis and 
zone electrophoresis [6]. Chromatographic separation 
is often done by gradient elution on a C18 column 
using a mixture of acetic acid in water, methanol and/
or acetonitrile. Electrophoretic analyses have been 
carried out exclusively in alkaline buffer where phenolic 
acids are fully dissociated and can be separated only 
by differences in ionic mobilities. The mobilities of 
structurally similar phenolic acids are very close, so 
cyclodextrins or organic solvent [7] must be added 
to improve the separation. An alkaline electrolyte 
speeds electroosmotic flow analysis but other phenolic 
compounds having negative charge may interfere (cf. 
[3,5,7]).

In this paper the separation and determination of 
twelve phenolic acids by HPLC and capillary zone 
electrophoresis (CZE) is described. The HPLC and CZE 
results are compared for a series of barley, malt and 
potato samples.
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2. Experimental Procedures

2.1. Chemicals
Phenolic acid standards (gallic, p-hydroxybenzoic, 
3,4-dihydroxybenzoic, vanillic, syringic, o-coumaric, 
p-coumaric, caffeic, sinapic, ferulic, salicylic and 
chlorogenic), and 6-aminocaproic acid were purchased 
from Sigma-Aldrich (Prague, Czech Republic). 
Hydrochloric acid, phosphoric acid and sodium 
hydroxide were purchased from Lachema (Brno, Czech 
Republic). Acetonitrile and methanol were from Merck, 
Ltd. (Prague, Czech Republic). Samples of barley 
and malt were obtained from the Research Institute 
of Brewing and Malting, Plc. (Brno, Czech Republic) 
and the Research Potato Institute, Plc. (Havlíčkův 
Brod, Czech Republic). Malting was done according 
to the European Brewery Convention procedure (45% 
humidity, 6 days of germination). Demineralized water 
(Milli Q quality) was used for sample extraction and all 
solution preparation.

2.2. Instrumentation
HPLC analyses were performed on a Dionex Summit 
HPLC instrument consisting of P680 pump, STH585 
column oven, PDA 3000 Diode-Array detector and 
ASI 100T autosampler (Dionex, USA) controlled by 
Chromeleon 6.40 software. CZE analyses were done 
with a Hewlett-Packard 3DCE electrophoretic analyser 
(Agilent, Czech Republic) equipped with diode-array 
detector and controlled by Chemstation software.

2.3. Analysis conditions
2.3.1. Capillary zone electrophoresis
CZE was performed in a hydrodynamically open system 
using a 365 mm fused silica capillary (280 mm effective 
length, 50 mm ID) at constant voltage of -30 kV. The 
capillary was thermostated at 30°C. The optimized 
background electrolyte (BGE) contained 50 mM acetic 
acid, 95 mM 6-aminocaproic acid, 0.1% polyacrylamide 
(MW = 5 MDa), 1% polyvinylpyrrolidone (MW = 10 
kDa), and 10% methanol. BGE was filtered through a 
0.2 mm nylon membrane prior to analysis. Samples and 
standards were injected by pressure (25 mbar for 25 s).

UV spectra (210 – 400 nm) were done separately 
for peak purity analysis. Detection and quantification 
was based on the detector traces at 230 and 315 nm 
using external standards (each acid at 1, 2, 5, 10 and 
20 mg ml-1). Each run required 17 minutes including 
electrolyte and sample loading.

Before use, a new capillary was washed 5 min. with 
demineralised water, 10 min. with 0.1 M NaOH, 5 min. 
with demineralised water, 10 min. with 0.1 M HCl, 5 

min. with demineralised water, and finally 10 min. with 
BGE. Between analyses the capillary was successively 
washed with 0.1 M HCl for 1 min., followed by water for 
2 min., and then equilibrated with the BGE for 3 min. to 
achieve high migration time reproducibility.

2.3.2. HPLC
Chromatographic separation was carried out on an 
Eclipse XBD C8 column (150 x 4.6 mm, 3.5 mm, Agilent) 
at 30°C. The mobile phase consisted of 0.1% phosphoric 
acid in acetonitrile (solvent A), 0.1% phosphoric acid in 
methanol (solvent B) and 0.1% phosphoric acid in water 
(solvent C). 

A mobile phase gradient (see Table 1) at 1 ml/
min was used. The UV spectra (210 – 400 nm) were 
measured for peak purity confirmation and simultaneous 
detection at two different wavelengths (230 and 315 nm) 
was used for quantitation, based on external standards 
(5 ml of each acid at 0.2, 0.4, 1, 2 and 4 mg ml-1). Each 
analysis took 25 minutes.

2.3.3. Sample preparation – total phenolic acids in 
barley and malt

One gram of pulverised malt or barley was weighed into a 
100-ml volumetric flask and 25 ml of 0.1 M NaOH added. 
The slurry was shaken at 40°C for one hour, cooled to 
20°C, acidified with 2 M HCl to pH 5-6 (indicator paper) 
and 20 ml of methanol was added. The flask was placed 
in an ultrasonic bath for 30 minutes, cooled to 20°C and 
made up to volume with methanol. The filtrate (0.2 mm 
membrane filter) was analysed by CZE and HPLC. Prior 
to HPLC analysis the filtrate was five-times diluted with 
50% methanol.

2.3.4. Sample preparation – free phenolic acids in 
potato

Homogenized potato tuber (50 g) was weighed into a 
250-ml volumetric flask and 150 ml of methanol with 
0.02% of butylhydroxytoluene (BHT) added to prevent 
oxidation of chlorogenic acid. The slurry was placed in 
an ultrasonic bath for 15 minutes, cooled to 20°C and 

Time (min) % solvent A % solvent B % solvent C

0 - 1 0 10 90

1 – 1.1 10 10 80

1.1 - 3 15 5 80

3 - 7 25 5 70

7 – 12 20 20 60

12 – 18 20 20 60

18 – 18.1 0 10 90

18.1 – 25 0 10 90

Table 1. Mobile phase gradient profile.  
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made up to volume with methanol.  The filtrate (0.2 mm 
membrane nylon filter) was analysed by CZE and 
HPLC.

3. Results and Discussion
Phenolic acids (gallic, p-hydroxybenzoic, 3,4-
dihydroxybenzoic (protocatechuic) vanillic, syringic, 
o-coumaric, p-coumaric, caffeic, sinapic, ferulic, salicylic 
and chlorogenic) were chosen due to their occurrence in 
cereals, potato, etc. We selected quite different conditions 
for their electrophoretic separation from those in the 
literature. To avoid the use of cyclodextrins in the carrier 
electrolyte [3,4] and problems with electroosmotic flow 
reproducibility at high pH we set the electrolyte pH near 
the centre of the phenolic acids’ pK values; i.e. ~ 4.7. 
At this pH the phenolic acids are separated as anions 
(acids migrate towards the anode), and electroosmotic 
flow is much lower than the acid mobility resulting in 
good migration time reproducibility. Moreover, at this 

pH other phenolic constituents such as polyphenols, 
flavonoids, etc. remain uncharged and do not migrate 
and interfere (see Figure 5). Under optimized conditions 
all 12 acids are separated within 15 minutes with good 
resolution, as shown in Figure 1. 

Typically, chromatographic separation of phenolic 
acids on C18 columns requires 30 - 60 min. To shorten 
the analysis we developed a method using a C8 column. 
Optimization of the mobile phase composition and 
gradient profile gave an acceptable 25 minute separation 
of all the phenolic acids studied (see Figure 2).

Table 2 summarizes the electrophoretic and 
chromatographic data. Because HPLC separation 
is based on a different principle than CZE, the acids’ 
migration order is quite different from their elution 
order (see Table 2). HPLC is up to ten times more 
sensitive than CZE (cf. LOD value). With respect to the 
concentration of major phenolic acids found in barley, 
malt and potatoes we found the sensitivity of both HPLC 
and CZE to be sufficient. 

Figure 1. Electropherogram of 12 phenolic acids (each 5 mg l-1); trace from UV detector at 230 nm (A) and 315 nm (B); I = impurities from 
standards.
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Figure 2. Chromatogram of 12 phenolic acids (each 4 mg l-1); trace from UV detector at 315 nm (A) and 230 nm (B).
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Analytes CZE HPLC λmax 
(nm)Migration time (min) LOD1 (mg l-1) Retention time (min) LOD1 (mg l-1)

1 salicylic acid 2.39 0.25 16.02 0.10 237

2 p-hydroxybenzoic acid 4.66 0.20 6.32 0.03 256

3 vanillic acid 4.88 0.25 6.99 0.05 218

4 syringic acid 5.00 0.25 7.12 0.05 217

5 gallic acid 5.28 0.40 2.85 0.07 215

6 3,4-dihydroxybenzoic 5.79 0.25 4.80 0.01 217

7 o-coumaric acid 6.26 0.15 14.79 0.04 276

8 p-coumaric acid 6.35 0.40 10.03 0.07 310

9 chlorogenic acid 6.72 0.25 5.53 0.02 325

10 caffeic acid 7.22 0.20 6.79 0.03 323

11 ferulic acid 7.77 0.15 11.27 0.02 322

12 sinapic acid 7.98 0.15 10.95 0.02 324

Table 2. Electrophoretic and chromatographic properties of phenolic acids.

1 – calculated as signal/noise ratio = 3 at lmax
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Figure 3. Electropherogram of barley extract (Barley 2); trace from UV detector at 315 nm (A) and 230 nm (B).
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Characteristic CZE HPLC

Chlorogenic acid Ferulic acid Chlorogenic acid Ferulic acid

Migration/Retention time (min)1 6.72 7.77 5.53 11.27

Repeatability of migration/retention time 
(RSD in %)1

1.55 1.85 0.58 0.76

Intra-assay repeatability (RSD in %, n=6)2 3.8 4.5 3.3 3.8

Accuracy (%, recovery)3 95 ± 4 94 ± 5 96 ± 4 97 ± 6

Linearity (µg ml)4 1 – 20 1 – 20 0.2 – 4.0 0.2 – 4.0

intercept -0.14 -0.16 -0.04 -0.02

slope 2.614 1.404 0.684 1.726

correlation coefficient 0.9977 0.9990 0.9999 0.9997

Limit of detection (µg ml)5 0.22 0.14 0.022 0.022

Limit of quantification (µg ml)6 0.65 0.45 0.07 0.07

Table 3. Method characteristics of CZE and HPLC determinations of ferulic and chlorogenic acid.

1 – average migration time of five consecutive analysis of standard solution; 10 mg ml chlorogenic and ferulic acid mixture for CZE and 2 mg ml for HPLC
2 - analysis of potato (Red flesh potato2) for chlorogenic acid and barley (Barley2) for ferulic acid repeatedly extracted and analysed within one day
3 – analysis of potato (Red flesh potato2) for chlorogenic acid and barley (Barley2) for ferulic acid with standard addition (50 and 100%)
4 – relationship between peak area at 315 nm corrected to migration time (CZE) or peak area at 315 nm (HPLC) and concentration of acids 
5 – based on signal/noise ratio = 3 at 315 nm
6 – based on signal/noise atio = 10 at 315 nm

 

 

414



F. Kvasnička et al.

The basic characteristics of the CZE and HPLC 
methods for ferulic and chlorogenic acid, i.e., linearity, 
precision, accuracy (recovery), detection and 
quantification limits are summarised in Table 3. These 
fulfill the general criteria for good analytical methods at 
the given concentrations [8].

Alkaline hydrolysis of barley and malt samples 
releases the acids from their esters. No addition of 
antioxidant (e.g., ascorbic acid) or metal chelator (EDTA) 
was found necessary to prevent loss of ferulic acid, in 
good agreement with the literature [9]. On the other 
hand, BHT addition (0.02%) was essential to protect 
chlorogenic acid against oxidation.

The CZE and HPLC methods were applied to a 
series of barley, barley malt, and potato samples. Typical 

electropherograms and chromatograms are depicted in 
Figures 3 – 6. Because only negatively charged analytes 
are detected by CZE the electropherograms are simpler 
than that the chromatograms. In HPLC other phenolic 
compounds are detected which could interfere.

Ferulic and chlorogenic acids were detected in barley, 
malt, and potato tubers as major fractions of the phenolic 
acids. Both methods detected small amounts of caffeic, 
sinapic and p-coumaric acids in barley. In potato samples 
other phenolic acids similar to chlorogenic in retention or 
migration time and UV spectra were found (marked U = 
unknown in Figures 5 and 6). Results are summarized in 
Table 4. The levels of ferulic and chlorogenic acids match 
the literature data [10,11]. Statistical analysis (t-test, 
unequal variance, 5% significance, n=8) revealed no 

Figure 4. Chromatogram of barley extract (Barley 2); trace from UV detector at 315 nm (A) and 230 nm (B).
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significant differences between HPLC and CZE results 
for ferulic acid in barley and malt. Regression analysis 
applied to potato chlorogenic acid levels showed the 
methods are comparable (correlation coefficient = 
0.9970). HPLC found up to 8% higher chlorogenic acid 
than CZE (regression slope = 1.075 –Table 4). 

4. Conclusions
New CZE and HPLC methods were developed for the 
determination of phenolic acids. For a series of barley, 
malt and potato tuber samples they gave comparable 
results for the determination of ferulic and chlorogenic 

acids. The advantages of CZE over HPLC are: only 
the acids are separated and detected while other 
phenolic compounds can interfere with HPLC analysis; 
shorter analysis time (15 vs. 25 min); better separation; 
environmentally friendly method (low consumption of a 
water based electrolyte) and lower running costs. CZE 
has lower sensitivity than HPLC and its migration time 
is more variable than the HPLC retention time. These 
methods are being used in research into the phenolic 
acid content of different plants and their antioxidant 
properties.

Figure 5. Electropherogram of potato extract (Red Flesh Potato2); trace from UV detector at 315 nm (A) and 230 nm (B); U – unknown acids.
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Figure 6. Chromatogram of potato extract (Red Flesh Potato2); trace from UV detector at 315 nm (A) and 230 nm (B); U – unknown acids.
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sample Chlorogenic acid1 
mg 100 g-1

Ferulic acid2 
mg 100 g-1

CZE HPLC CZE HPLC

Barley 1 - - 39.0 42.1

Malt 1 - - 38.7 40.7

Barley 2 - - 37.1 40.3

Malt 2 - - 34.3 40.3

Barley 3 - - 43.4 43.0

Malt 3 - - 37.4 37.5

Barley 4 - - 39.4 40.1

Malt 4 - - 43.6 44.3

Yellow flesh Potato1 5.4 6.3 - -

Yellow flesh Potato2 4.3 4.9 - -

Yellow flesh Potato3 14.2 17.8 - -

Red flesh Potato1 42.4 47.2 - -

Red flesh Potato2 54.7 65.4 - -

Red flesh Potato3 46.4 55.8 - -

Red flesh Potato1 99.4 110.3 - -

Blue flesh Potato2 104.0 109.6 - -

Blue flesh Potato3 43.5 45.3 - -

Table 4. Results of phenolic acid content in barley grain, malt and potato tuber.

1 – regression analysis (n=9): HPLC = 1.075 x CZE + 1.9, r = 0.997
2 –t-test for non-equal variance (CZE vs. HPLC, n=8): tstat = -1.45, tkrit = 2.18
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