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Antioxidants are chemical compounds which mol-
ecules capable of slowing or preventing the oxidation 
of other molecules [Sardesai 1995, Halliwell 1990]. 
There is a growing interest in the use of natural antiox-
idants, i.e. polyphenolic compounds found in various 
parts of plants [Kobus-Cisowska et al. 2010, Roman et 
al. 2009, Zarena and Sankar 2009]. It includes several 
antioxidants, among other rutin, quercetin, kaempferol 
and phenolic acids. Recent studies have shown many 
poliphenolic constituents derived from plants are more 
effective antioxidants in vitro than vitamins E or C [Ri-
ce-Evans et al. 1997]. Polyphenols have been used as a 

natural medicine for millennia. They can help preserve 
vascular health and diminish cancer risk [Helliwell et 
al. 1992, McCarty 2004]. Natural antioxidants de-
toxify reactive oxygen species and prevent their dam-
age to cellular organelles and macromolecules using 
different mechanisms [Shahidi 2000]. Phenolic acids 
(e.g., caffeic, o-coumaric, p-coumaric, ferulic, gallic, 
sinapic, and p-hydroxybenzoic acid) and fl avonoids 
(catechine, quercetin, kaempferol, and rutin) possess 
antioxidant activity.

Antioxidant analysis in food is both important and 
diffi cult task.
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ABSTRACT

Background. An intensive development of the Fast Liquid Chromatography (FLC) has been recently ob-
served. It makes possible to reduce time analysis and improve resolution as well as sensitivity. The aim of this 
study was to separate the chosen antioxidants optimization using the FLC method.
Material and methods. The three various procedures for antioxidants analysis were compared. Mobile 
phases containing aqueous solution of formic acid, acetic acid, acetonitrile, and methanol were tested. Lim-
it of detection (LOD), limit of quantifi cation (LOQ), linearity and repeatability of each procedures were 
determined. 
Results. Developed procedure enabled to separate all analytes and allowed to get low LOD levels and good 
repeatability. This procedure was used for antioxidants analysis in buckwheat and buckwheat products.
Conclusion. Fast Liquid Chromatography allows to reduce time analysis and obtain good validation 
parameters.
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Phenolic compounds can be analysed using chemi-
cal (mainly spectrophotometric) or chromatographic 
methods. It is possible to measure total phenolic com-
pounds concentration by the Folin-Ciocalteau method 
[Przeciwutleniacze... 2007]. It gives imprecise results 
because of the reagent’s low specifi city and does not 
yield quantitative information about single phenolic 
compounds. High Performance Liquid Chromatogra-
phy (HPLC) is a very sensitive and specifi c method 
which enables quantitative determination of phenolic 
compounds. Antioxidants are generally analyzed us-
ing C18 column. Acid solutions (formic or acetic) with 
methanol or acetonitrile are using as eluents. FLC has 
been fast developing technique recently. It makes pos-
sible to reduce time analysis and improve resolution, 
as well as sensitivity.

The aim of this study was separation of the cho-
sen antioxidants optimisation. The three various pro-
cedures were compared. The two from the above-
mentioned procedures were adopted to FLC technique 
from HPLC technique. The third procedure is a com-
pilation of the fi rst and the second. Modifi cations of 
this procedure were also tested. This procedure was 
then used for determination of chosen antioxidants in 
buckwheat and buckwheat products. Buckwheat is one 
of the source of antioxidants [Górecka et al. 2009].

EXPERIMENTAL

Chemicals and reagents
Phenolic acids: caffeic, o-coumaric, p-coumaric, 
ferulic, gallic, and p-hydroxybenzoic;
Flavonoids: catechine, quercetin, kaempferol, rutin.
All this reagents were obtained from SIGMA. 
Sample. Buckwheat groats were obtained from 

Podlachian Cereal Industrial Plants (Białystok). Anti-
oxidants were determined in whole buckwheat groats, 
boiled buckwheat groats, buckwheat bran, and buck-
wheat wastes.

Sample preparation. Phenolic compounds were 
extracted from samples using 80% acetone, at 50°C 
for 30 minutes. Extraction was carried out in dark-
colored fl asks using a shaking water bath. Extract was 
lyophilized and stored at –20°C until used [Amaro-
wicz et al. 2008].

Chromatography
FLC was performed with an Agilent Technologies 

1200 series system comprising an autosampler (model 
G1329B), a pump (model G1312B) and a diode array 
detector (model G1315C). The FLC system was con-
trolled by ChemStation for LC 3D system. Spectral 
data from all peaks were accumulated in the range of 
190-400 nm. Chromatograms were recorded at 280 nm 
for gallic acid, p-hydroxybenzoic acid, and catechin, 
at 320 nm for caffeic, p-coumaric, o-coumaric, sinapic 
and ferulic acids, and at 360 nm for rutin, quercetin, 
and kaempferol. Compounds were separated on 50 
mm × 4.6 mm, particle 1.8 μm, SB-C18 column (Agi-
lent). This column was thermostated at 25°C. Several 
mobile phases and gradient profi les were tested to op-
timize the separation and detection (Table 1).

The basic validation parameters of the three ap-
plied procedures were determined and compared. 
Among the validation parameters examined were limit 
of detection (LOD), limit of quantifi cation (LOQ), re-
peatability, and linearity.

Limit of detection (LOD). Analyses of measure-
ment series for three standard solution samples con-
taining selected antioxidants (such as caffeic acid, p-
coumaric acid, o-coumaric acid, catechin, and rutin) at 
the three levels of concentration were done. For each 
level of analytes, six parallel determinations were 
performed. The standard deviations for each series 
of measurements were calculated and the linear de-
pendence s = f(c) was determined. The absolute term 
SD0 was decoded from the graph. The LOD was de-
termined according to the following dependence [Ko-
nieczka and Namieśnik 2007]:

LOD = 3 · SD0 

Limit of quantifi cation (LOQ). The LOQ was 
calculated according to the formula: LOQ = 3·LOD 
[Konieczka and Namieśnik 2007].

Repeatability. Repeatability was determined ac-
cording to the following dependence:

CV = s/x · 100 (%)

CV – coeffi cient of variation
x – mean value of peak area of ten parallel determina-
tions for polyphenols solutions (10 mg·l-1) 
s – standard deviation.
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Linearity. Linearity was tested in the range from 
0.3 to 300 mg·l-1 of selected antioxidants (at nine lev-
els of concentration with the three determinations for 
each level) by using a graph of measuring instrument 
calibration. The value of regression coeffi cient R not 
lower than 0.999 is considered as a criterion of lin-
earity by CDER (Center for Drug Evaluation and Re-
search) [Reviewer guidance... 1994].

RESULT AND DISCUSSION

HPLC methods are more specifi c than other 
methods (for example spectrophotometric methods) 
[Przeciwutleniacze... 2007]. By this reason, HPLC 
technique has been commonly used to antioxidants 
determination [Olszewska 2007, Vallejo et al. 2004, 
Amarowicz et al. 2008]. Recently, “fast chromatog-
raphy” has been developing. This technique allows 
to shorten time analysis and save reagents. There are 
some literature data concerning using “fast chroma-
tography” for antioxidants determination. In this pa-
per, the three FLC procedures (various composition of 
eluents and chromatographic parameters) and Stable-
Bond-C18 column were tested for their ability to per-
form antioxidants separation. Figure 1 shows chroma-
tograms obtained from a reversed-phase C18 column 
after injection of the selected antioxidants solutions 
(such as caffeic acid, o-coumaric acid, p-coumaric 

acid, ferulic acid, gallic acid, p-hydroxybenzoic acid, 
sinapic acid, catechine, quercetin, kaempferol, and 
rutin). In the A procedure the mobile phase was pre-
pared according to Vallejo et al. method [2004]. The 
eluent contained 0.1% aqueous solution of formic acid 
(the A component) and methanol (the B component) 
[Vallejo et al. 2004]. Gradient profi le was adopted to 
FLC technique using Agilent Method Translator with 
modifi cation. This procedure allowed to reduce analy-
sis time almost four times (according to literature date) 
[Vallejo et al. 2004]. In this case baseline separation 
was not achieved (Fig. 1 A). Co-elution of sinapic 
and ferulic acids was observed. This procedure al-
lowed to get low LOD levels and low CV values (CV 
< 3% for catechin and CV < 1% for other analytes; 
Table 2). 

The second examined chromatographic parameters 
were based on Amarowicz et al. [2008]. Mobile phase, 
which was used in these analysis, consisted of 2% 
aqueous solution of acetic acid (the A component) and 
aqueous solution of acetonitrile and acetic acids (the B 
component). Gradient profi le was adopted to FLC tech-
nique using Agilent Method Translator with modifi ca-
tion. This procedure allowed to reduce analysis time 
more than three times (according to literature date) 
[Amarowicz et al. 2008]. It enabled to separate all ana-
lytes. It also allowed to obtain good validation param-
eters. However, there were no signifi cant differences 

Table 1. Basis chromatographic parameters

Procedure A Procedure B Procedure C

Mobile phase A: 0.1% formic acid
Mobile phase B: Methanol

Mobile phase A: H2O:acetic acid (98:2)
Mobile phase B: H2O:acetonitrile:acetic 

acid (78:20:2)

Mobile phase A: H2O:acetic acid (98:2)
Mobile phase B: H2O:methanol:acetic 

acid (48:50:2)

Time, min % B Time, min % B Time, min % B

0 20 0 0 0 0

7 50 11 80 22 80

7.4 80 17 90 26 80

11 80 20 95 28 0

12 20 22 100 31 0

30 100

Flow rate 0.6 ml·min-1 Flow rate 1.1 ml·min-1 Flow rate 1.1 ml·min-1
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The world-wide shortage of acetonitrile was hitting 
the HPLC market in the past. By that reason substitutes 
for acetonitrile in the mobile phase have been searched. 
The most frequently used reverse-phase solvents are wa-
ter, acetonitrile, methanol, and tetrahydrofuran (THF). 
Chemical and physical properties of the solvents and 
their effects on the chromatographic process when re-
placing one solvent with another should be considered.
Selecting new solvent is mainly based on UV cutoff. 
Tetrahydrofuran has the highest UV cutoff equals 212 
nm. Moreover, storage of THF leads to its degradation 
and forming unstable and chemically reactive perox-
ides. Methanol has UV cutoff 205 nm (acetonitrile 
< 195 nm). Achieving a background absorbance con-
tribution from methanol of less than 0.05 AU requires 
working at λ > 235 nm [Sadek 2002].

Among the examined antioxidants p-hydroxyben-
zoic acid had the lowest maximum absorption at 255 
nm, thus methanol could be used as an alternative for 
acetonitrile successfully. Switching solvents affects 
retention time, as well as selectivity. Selectivity differ-
ences are based on the different solvation properties 
of methanol and acetonitrile. The type of solvent may 
also infl uence column effi ciency and peak symmetry 
[Campbell 2008].

The new chromatographic parameters were pro-
posed. An expensive acetonitrile was replaced with 
cheaper and commonly available methanol. Acetic 
acid was used to acidize mobile phase. According to 
the eluotropic strength nomogram, 20% acetonitrile 
corresponds to 28% methanol [Meyer 2004]. Analy-
sis were performed using mobile phase consisting of 
2% aqueous solution of acetic acid (the A component) 
and aqueous solution of 25% methanol and 2% acetic 
acid (the B component). The gradient profi le was the 
same as the gradient profi le of the method described by 
Amarowicz et al. [2008]. It made possible to separate 
almost all analytes. However, kaempferol and querce-
tin were bound so much to the column that they did 
not elute until 40 minutes (data not present). Thus, the 
concentration of methanol in mobile phase should be 
increased. The proposed chromatographic parameters 
(the C procedure) included the B component consist-
ing of 50% methanol and 2% acetic acid were tested. 
The gradient profi le was changed to allow separation 
of all compounds. It enabled both baseline separation 
of all analytes and elution of kaempferol and quercetin 

in retention times of ferulic acid, sinapic acid, rutin, and 
o-coumaric acid (Fig. 1 B). Thus, baseline separation of 
these compounds was not possible when they occurred 
at a high concentration. 

Fig. 1. Chromatograms of chosen antioxidants on SB-C18 
column obtained with three procedures: A, B and C. Operat-
ing conditions – see Table 1. Peaks identifi cation: 1 – gallic 
acid, 2 – catechin, 3 – p-hydroxybenzoic acid, 4 – caffeic 
acid, 5 – p-coumaric acid, 6 – ferulic acid, 7 – sinapic acid, 
8 – rutin, 9 – o-coumaric acid 10 – quercetin, 11 – kaempferol
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from the column in less than 30 minutes (Fig. 1 C). 
This procedure allowed to get low the LOD levels and 
low the CV values (CV < 1% for all analytes; Table 2). 
This eluent and chromatographic parameters (the C 
procedure) were then used for antioxidant analysis in 
extracts from buckwheat and products which occurred 
during its processing. The content of phenolic com-
pounds in the samples extract is reported in Table 3.

Rutin was the dominant phenolic compound in all 
examined samples. The largest amount of rutin was 
found in buckwheat bran. Caffeic acid occurred only 
in buckwheat waste. Boiling buckwheat groat infl u-
enced on amount of p-coumaric acid, p-hydroxyben-
zoic acid, and gallic acid. The chosen procedure al-
lowed good resolution of antioxidants in the analysed 
materials (Fig. 2).

Table 2. Limits of detection, limits of quantifi cation, precision and linearity of selected antioxidants by the three procedures

Substance
Procedure A Procedure B Procedure C

LOD
mg·l-1

LOQ
mg·l-1

CV
%

linearity 
mg·l-1

LOD
mg·l-1

LOQ
mg·l-1

CV
%

linearity
mg·l-1

LOD
mg·l-1

LOQ
mg·l-1

CV
%

linearity 
mg·l-1

Caffeic acid 0.065 0.195 0.162 0.3-305* 0.054 0.161 0.291 0.3-305* 0.040 0.121 0.647 0.3-305*

o-coumaric acid 0.047 0.140 0.229 0.3-302* 0.059 0.178 0.383 0.3-302* 0.046 0.137 0.511 0.3-302*

p-coumaric acid 0.007 0.021 0.775 0.3-100 0.015 0.045 0.208 0.3-300* 0.011 0.032 0.522 0.3-300*

Catechin 0.298 0.895 2.665 0.3-319* 0.298 0.893 0.986 0.3-319* 0.201 0.603 0.913 0.3-319*

Rutin 0.054 0.162 0.619 0.3-301* 0.036 0.107 0.345 0.3-301* 0.058 0.175 0.850 0.3-301*

*Linear detector response was achieved in a whole analysed concentration range.
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Fig. 2. Chromatogram of chosen antioxidants in buckwheat 
waste

Table 3. Contents of some selected antioxidants in whole buckwheat groats, boiled whole buckwheat groats, buckwheat 
bran and buckwheat waste

Products 
Compound, mg·kg-1 d.m.

rutin p-coumaric acid p-hydroxybenzoic acid caffeic acid gallic acid

WBG 70.18c 7.31a 22.13a ndb 3.84b

BWBG 71.02c 0.91b ndc ndb 4.08b

BB 619.06b 5.89a 13.33b ndb 6.11a

BW 224.78a ndb ndc 95.08a 4.76b

WBG – whole buckwheat groats, BWBG – boiled whole buckwheat groats, BB – buckwheat bran, BW – buckwheat waste.
The numerical values denoted by different letters in line differ statistically signifi cantly at p < 0.05.
nd – not detected.
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CONCLUSION

The FLC technique used in this investigation ena-
bled signifi cantly faster analysis in comparison to 
conventional liquid chromatography. All three tested 
chromatographic parameters can be used for antioxi-
dants analysis. These procedures were characterized 
by low limits of detection and good precision. The C 
procedure allowed to get the best chromatographic 
resolution of all chosen antioxidants and was used for 
antioxidants determination in buckwheat and products 
which occurred during its processing.

REFERENCES

Amarowicz A., Estrella I., Hernandez T., Troszyńska A., 
2008. Antioxidant activity of extract of adzuki bean and 
its fractions. J. Food Lip. 15, 119-136.

Campbell W., 2008. Is metanol a direct replacement for ace-
tonitrile. Reporter. 36, 8.

Górecka D., Hęś M., Szymandera-Buszka K., Dziedzic K., 
2009. Contents of selected bioactive components in 
buckwheat groats. Acta Sci. Pol., Technol. Aliment. 8 
(20), 75-82.

Halliwell B., 1990. How to characterize a biological antioxi-
dant. Free Radic Res Commun. 9 (1), 1-32.

Halliwell B., Gutteridge J.M.C., Cross C.E., 1992. Free 
radicals, antioxidants and human disease: Where are we 
now? J. Lab. Clin. Med. 119, 598-620.

Kobus-Cisowska J., Flaczyk E., Jeszka M., 2010. Antioxi-
dant activities of Ginkgo biloba extracts: application in 
freeze stored meat dumplings. Acta Sci. Pol., Technol. 
Aliment. 9 (2), 161-170. 

Konieczka P., Namieśnik J., 2007. Ocena i kontrola jakości 
wyników pomiarów analitycznych [Quality assurance and 
quality control in the analytical chemical laboratory: A prac-
tical approach]. WNT Warszawa, 275-276 [in Polish].

McCarty M., 2004. Proposal for a dietary “phytochemical 
index”. Med. Hypotheses 63 (5), 813-817.

Meyer V.R., 2004. Practical High-Performance Liquid 
Chromatography. John Wiley.

Olszewska M., 2007. Quantitative HPLC analysis of fl avo-
noids and chlorogenic acid in the leave and infl orescenc-
es of Prunus serotina Ehrh. Acta Chrom. 19, 253-269.

Przeciwutleniacze w żywności: aspekty zdrowotne, tech-
nologiczne, molekularne i analityczne [Antioxidants in 
food: health-promoting, technological, analytical and 
molecular aspects]. 2007. Ed. W. Grajek. WNT Warsza-
wa, 519-532 [in Polish].

Reviewer guidance validation of chromatographic meth-
ods. 1994. Center for Drug Evaluation and Research 
(CDER). Washington, US FDA. 

Rice-Evans C.A., Miller N.J., Paganga G., 1997. Antioxi-
dant properties of phenolic compounds. Trends Plant 
Sci. 2 (4), 152-159.

Roman G.P., Neagu E., Radu G.L., 2009. Antiradical activi-
ties of Salvia offi cinalis and Viscum album L. extracts 
concentrated by ultrafi ltration process. Acta Sci. Pol., 
Technol. Aliment. 8 (3), 47-58

Sadek P.C., 2002. The HPLC solvent guide. Wiley-Intersci-
ence New York.

Sardesai V.M., 1995. Role of antioxidants in health mainte-
nance. Nutr. Clin. Pract. 10 (1), 19-25.

Shahidi F., 2000. Antioxidants in food and food antioxi-
dants. Nahrung 44 (3), 158-163.

Vallejo F., Tomas-Barberan F.A., Ferreres F., 2004. Charac-
terisation of fl avonols in broccoli (Brassica oleracea L. 
var. italica) by liquid chromatography-UV diode array 
detection-electrospray ionization mass spectrometry. 
J. Chromat. A, 1054, 181-193.

Zarena A.S., Sankar K.U., 2009. A study of antioxidant 
properties from Garcinia mangostana L. pericarp ex-
tract. Acta Sci. Pol., Technol. Aliment. 8 (1), 23-34.

WYKORZYSTANIE TECHNIKI SZYBKIEJ CHROMATOGRAFII CIECZOWEJ 
DO ANALIZY ANTYOKSYDANTÓW

STRESZCZENIE

Cel. Szybka chromatografi a cieczowa (FLC – Fast Liquid Chromatography) jest szeroko wykorzystywaną 
techniką. Pozwala ona na skrócenie czasu analizy i umożliwia osiągnięcie większej czułości i rozdzielczości 
w porównaniu z „klasyczną” chromatografi ą cieczową. Celem pracy była optymalizacja rozdziału chromato-
grafi cznego wybranych antyoksydantów z wykorzystaniem techniki FLC. 
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Materiał i metody. Przetestowano różne procedury oznaczania antyoksydantów. Wykorzystano wodne roz-
twory kwasu mrówkowego, kwasu octowego, metanolu oraz acetonitrylu jako fazy ruchome i sprawdzono 
ich wpływ na efektywność rozdziału badanych antyoksydantów. Wyznaczono granice wykrywalności, ozna-
czalności, zakres liniowości oraz precyzję. 
Wyniki. Opracowana procedura umożliwiła całkowity rozdział badanych związków polifenolowych, uzy-
skanie niskich granic wykrywalności i oznaczalności oraz dobrej precyzji. Procedurę wykorzystano do ana-
lizy wybranych antyoksydantów w gryce i jej produktach. 
Podsumowanie. Technika szybkiej chromatografi i cieczowej cechuje się dobrymi parametrami walidacyj-
nymi i pozwala na znaczne skrócenie czasu analizy (w porównaniu z tradycyjną chromatografi ą cieczową). 

Słowa kluczowe: szybka chromatografi a cieczowa, antyoksydanty
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