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ANTIOXIDANT ACTIVITIES OF CINNAMIC
AND BENZOIC ACID DERIVATIVES

Dominik Szwajgier, Jacek Pielecki, Zdzistaw Targonski
Agricultural Academy of Lublin

Abstract. Antioxidant and antiradical activities of cinnamic and benzoic acid derivatives,
using different methods, were investigated. The total antioxidant effect was evaluated us-
ing method with linoleic acid-water emulsion. The ability to scavenge free radicals was
checked using 2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS®) or 2,2-di-
phenyl-1-picrylhydrazyl radical (DPPH®). The reducing power of the studied compounds
solutions was also evaluated. It was stated, that the applied measuring method strongly in-
fluenced the obtained result, because in the system with ABTS" free radicals, the highest
antioxidant activities possessed vanillic, sinapic and protocatechuic acid, whereas the
most effective DPPH® radical scavengers were methyl ferulate, methyl syringate, syrin-
galdehyde and vanillic acid. In another method, linoleic acid peroxidation was effectively
inhibited by the caffeic, sinapic and syringic acid. The highest reducing powers possessed
protocatechuic acid, caffeic, sinapic and ferulic acid, higher than BHT and comparable to
Trolox. Methylated derivatives of coumaric acid, caffeic acid, vanillic acid and syringic
acid turned out to be weaker antioxidants and reducing agents than the free forms, except
methyl ferulate, which possessed only slightly lower antioxidant activity than free ferulic
acid, and in some measuring systems was a more effective antioxidant than ferulic acid.
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INTRODUCTION

Cinnamic and benzoic acid derivatives are very widely distributed in plant world.
They predominantly exist as esters of organic acids or glycosides, or are bound to a
number of cell wall polymers, with only a small part of them being present as free forms
[Hermann 1992]. There have been proceeded a number of studies concerning antioxi-
dant actions of phenolic acids in vitro [Brand-Williams et al. 1995, Heinonen et al.
1998, Meyer et al. 1998, Natella et al. 1999, Watanabe 1999]. Caffeic acid has been
shown to be a potent antioxidant in vitro in different oxidation systems [Chen and Ho
1997, Cuvelier et al. 1992, Moon and Terao 1998]; in in vivo studies, dietary supple-
mentation of caffeic acid to rats resulted in a-tocopherol increase in plasma and lipopro-
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tein; caffeic acid supplemented to rats doubled total antioxidant activity of plasma,
higher resistance of lipoproteins to Cu**-catalyzed oxidation was also observed [Nardini
et al. 1997]. Ferulic acid is present in considerable amounts in outer layers of cereal
grains [Pan et al. 1998]. Ferulate cross-linking of arabinoxylans to lignin restrict the
enzymic degradation of the polysaccharides in cell walls of graminaceous plants [Grab-
ber et al. 1998]. Ferulic acid and p-coumaric acid being present in barley and malt in
free and insoluble, bound forms, are very potent and interesting antioxidants [Maillard
and Berset 1995, Maillard et al. 1996]. Other authors also pointed out cinnamic acid
derivatives as very potent antioxidants in wort and beer [Bellmer et al. 1995, Fantozzi et
al. 1998], especially ferulic acid, which decreased carbonyl formation, inhibited lipid
peroxidation during the storage, and effectively scavenged hydroxyl radicals in beer
[Walters et al. 1997 a]. Short chains of feruloylated arabinoxylans exhibited sligthly
stronger antioxidant activities than free acid in vitro; what is more, metabolism products
of this group of compounds in rats plasma were detected, what could suggest their im-
pact on antioxidant status in vivo [Ohta et al. 1994, Ohta et al. 1997]. Red wine also
contains a range of phenolic acids, with coumaric, caffeic and protocatechuic acids with
strong antioxidant activities. The most active phenolic acid turned out to be caffeic acid,
which also showed strong sparing activity towards o-tocopherol [Abu-Amsha et al. 1996].

Taking under consideration, that major part of the phenolic acids in foodstuffs is
present in ester or ether form, the authors of the presented paper wanted to check if
esterification of free acids can modify their antioxidant action. The objective of this
work was: comparison of the antioxidant and antiradical activities of a number of cin-
namic and benzoic acid derivatives as well as checking if esterification of the free acid
can change the total antioxidant activity of the acid.

MATERIALS AND METHODS

Reagents and apparatus. Myoglobin (from horse heart), Tween 20, linoleic acid
(min. 990 g-kg™) and butylated hydroxytoluene (BHT, 990 g-kg™) were purchased from
Sigma Chemical Co. (St. Louis, MO), ABTS (2,2’-azinobis (3-ethylbenzothiazoline-6-
-sulphonic acid) diammonium salt; min. 980 gkg") and Trolox (6-hydroxy-2,5,7,8-
-tetrametylchroman-2-carboxylic acid, Hoffman-La Roche, min. 970 gkg™) were ob-
tained from Aldrich Chemical Co., Gillingham, Dorset SP8 4JL, England. 2,2-Diphe-
nyl-1-picrylhydrazyl (DPPH") was gained from ICN Biomedicals Inc., Aurora, Ohio.
Hydrogen peroxide (300 g-kg™), methanol (spectrophotometric grade), potassium ferri-
cyanide (980 g-kg™), trichloroacetic acid, ferric chloride (980 g-kg™) disodium hydrogen
orthophosphate 12-hydrate and sodium dihydrogen orthophosphate dihydrate, were
obtained from POCh, Poland.

O-coumaric acid and p-coumaric acid were from Ubichem, Staines, England. Caf-
feic acid, caffeic acid dimethyl ether, veratric acid, syringic acid and syringaldehyde
were purchased from Sigma, St. Louis, USA. Ferulic acid was from Carl Roth,
Karlsruhe, Germany. Sinapic acid and vanillic acid were from Fluka AG, Buchs, Swit-
zerland. Protocatechuic acid was from EGA Chemie, Germany. Veratric alcohol and
veratric aldehyde were from Aldrich, Germany. Benzoic acid, coumarin and 4-dimeth-
oxyaminobenzoic acid were from POCH, Gliwice, Poland. Cinnamaldehyde was from
BDH Chemicals, Poole, England. Methyl ferulate, methyl coumarate, methyl vanillate
and methyl syringate were obtained from Apin Chemicals Ltd., England.
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All spectrophotometric data were gained using Unicam 5625 UV/VIS Spectropho-
tometer.

Measurement of Trolox Equivalent Antioxidant Activity (TEAC) was performed
as described by Miller et al. [1993] in the following manner: all the reagents at desired
concentrations were prepared in 5 mmol-dm™, pH 7.4 phosphate buffer. Reagents in the
measuring cell of the spectrophotometer were at concentrations: 0.15 mmol-dm™ ABTS;
0.0025 mmol-dm™ metmyoglobin and 0.375 mmol-dm™ hydrogen peroxide. 0.03 cm® of
the phenolic acid solution (1 mmol-dm™) was transferred to the measuring cell of the
spectrophotometer (Unicam 5625 UV/VIS Spectrometer). The sample was then flushed
with 0.135 cm® of distilled water, then 1.5 cm® of the ABTS/metmyoglobin reagent was
added and at last 0.125 cm’® of the hydrogen peroxide solution added started the reac-
tion. The temperature was kept at 20°C. Changes in absorbance at 734 nm as the func-
tion of time were recorded every 10 s until the absorbance started to increase. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), a water-soluble vitamin E
analogue, was used as an antioxidative standard. Total antioxidant activity was ex-
pressed in molar concentration of Trolox solution (TEAC value), that inhibited the in-
crease in absorbance equally to the reaction mixture with phenolic acid. System was
standardized using 23 sequential and separately prepared stock standards of Trolox in
the range from 0.02 mmol-dm™ to 2 mmol-dm™. These stock standards replaced 0.030
cm’ of the investigated sample during the standardization of the assay.

Measurement of inhibition of linoleic acid peroxidation was performed as de-
scribed by Lingnert et al. [1979], with the following modifications: linoleic acid and
Tween 20 (equal volume to the acid) were added to 50 mmol-dm™ , pH 7.6 phosphate
buffer, so that the final concentration of the acid was 30 mmol-dm™. Emulsions were
prepared daily fresh for experiments. Directly before use emulsion was sonicated in
ultrasonic bath for 10 minutes. Solutions of the phenolic compounds (0.2 cm®) were added
to 1 cm’ of the linoleic acid emulsion and placed in tubes with stoppers. Controls with-
out studied solutions and samples with addition of 0.2 cm® of 2 mmol-dm™ Trolox or
BHT solution were run simultaneously. The tubes were then placed in darkness at 40°C
and prior the incubation and every 4 hours during the incubation (until 28 hours) an
aliquot (0.1 cm®) of the mixture was withdrawn. Then 1 cm’ of absolute methanol and 3
cm’ of 60% methanol-in-water solution were added, and absorbance at 234 nm (Unicam
5625 UV/VIS Spectrometer) was read against the methanol solution as a reference. The
Antioxidant Effect was calculated according to the following equation:

AE.=Ady3y (C)_ A1‘1234/A1‘1234 (C) (1
where: AAdjs, — increase of absorption at 234 nm in assayed mixture during the
incubation,

AAy;4 (C) — the corresponding increase of absorption in control.

The antiradical activities of studied compounds against DPPH" were measured
using method developed by Brand-Williams et al. [1995]. A volume of 1 cm® of anti-
oxidant solution (1 mmol-dm>) was added to 2 c¢m® of a 0.06 mmol-dm™ methanol
DPPH’ solution. The decrease in absorbance was measured spectrophotometrically at
515 nm every 1 minute until the absorbance reached a plateau. The exact DPPH® con-

centration was calculated from a calibraton curve, using the equation:

Abs. at 515 nm = 6.3257 [DPPH" ] + 00218
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For every compound studied, the reaction kinetics was plotted. The concentration of
residual DPPH ° at steady state was taken as a value of antiradical action of the investi-
gated compounds.

Reducing power measurement. Reducing power was determined according to the
method of Oyaizu [1986] in the following manner: 1 mmol-dm™ solution of the phenolic
acid (0.2-1 cm®) was added to 2.5 cm® of phosphate buffer (0.2 mol-dm™; pH 6.6) and
2.5 cm® of 10 g'kg ™! potassium ferricyanide [K3Fe(CN)q ] solution; the mixture was then
incubated at 50°C for 20 minutes. After incubation, 2.5 cm® (10 g'kg™) of trichloroacetic
acid solution was added, then to 2.5 cm’ of the resulting solution 2.5 c¢m?® of distilled
water and 0.5 cm® of 0.1 g'kg™' FeCls solution was added, and the absorbance was read
at 700 nm. The increased absorbance indicated increased reducing power of the solution
under investigation.

RESULTS

The Trolox Equivalent Antioxidant Activity values of cinnamic and benzoic acid de-
rivatives are shown in Table 1.

The highest antiradical activity, equal to the activity of BHT, showed vanillic, pro-
tocatechuic and sinapic acid. In the case of coumaric acid, caffeic acid, ferulic acid,
vanillic acid and syringic acid, the antioxidant activities of these phenolic acids methyl
derivatives were lower in comparison to the activities of their corresponding free forms.
Methyl ferulate showed only slightly lower TEAC value than free ferulic acid, whereas
vanillic, coumaric and syringic acid methyl esters didn’t exhibited antioxidant activity.
Similarly, caffeic acid after double etherification with methanol showed very low TEAC
value in comparison to free acid. It must be emphasised, that although ferulic acid
showed much lower antioxidant activity (1.36 mmol-dm™) than a number of cinnamic
and benzoic acid derivatives, its esterification did not cause such a fall in TEAC value
as in the case of other methyl esters. The studied solutions of the aldehydes showed
poor or no antiradical activity, and in the case of veratric derivatives the activities were:
veratric acid > veratric alcohol > veratric aldehyde. There is a difference between TE-
AC values for both forms of coumaric acid, indicating the role of OH—group position
attached to the phenol ring, and no activity recorded for methyl coumarate showed the
importance of the CH=CH-COOH group in the molecule.

Tables 2 and 3 show the Antioxidant Effect of cinnamic and benzoic acid deriva-
tives. In the reaction medium with linoleic acid, the highest AE value after 2-hour incu-
bation was recorded for ferulic acid, and methyl ferulate had only slightly lower anti-
oxidant activity than the free form. Also in the case of other methylated phenolic acids,
their free forms showed higher AE values, what confirms the results obtained using the
previously presented method. Caffeic acid dimethyl ether acted as a prooxidant in this
medium. P-coumaric acid possessed 2-fold higher AE value than o-coumaric acid, what
underlines the importance of the OH-group position. In 6-hour trial, different schemes
of antioxidant activity evolution can be recorded. The general tendency for aldehydes
was prooxidant action after 2 hours of incubation (AE value is below zero), then low
antioxidant activity after 4 hours of incubation and then again prooxidant action after
6 hours of incubation, although p-dimethylaminobenzoic aldehyde and syringaldehyde
maintained the antioxidant activity during the whole time of incubation.
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Table 1. Trolox Equivalent Antioxidant Activity (TEAC values) of cinnamic and benzoic acids
derivatives

Tabela 1. Wartosci TEAC (aktywnosci przeciwutleniajacej wyrazonej w rownowaznikach Tro-
lox-u) pochodnych kwasu cynamonowego i benzoesowego

Compound TAE,C, value
Badany zwiazek chemiczny Wartos¢ TEAC
mmol/L
o-coumaric acid 0.034
p-coumaric acid 0.134
methyl coumarate 0
caffeic acid 1.410
caffeic acid dimethyl ether 0.034
ferulic acid 1.360
methyl ferulate 0.952
sinapic acid 2.023
cinnamic aldehyde 0
protocatechuic acid 1.920
coumarin 0
vanillic acid 2.066
methyl vanillate 0
veratric acid 0.034
veratric alcohol 0.017
veratric aldehyde 0
syringic acid 1.853
methyl syringate 0.051
syringaldehyde 0.017
benzoic acid 0
p-dimethylaminobenzoic aldehyde 0
BHT 2.040

BHT and Trolox suppressed linoleic acid peroxidation very effectively, reaching
complete inhibition of the unwanted phenomena in the case of BHT. The AE of both
antioxidant compounds constantly increased during the 6-hour incubation.

Table 4 presents scavenging of DPPH"® radical by cinnamic and benzoic acid deriva-
tives. The strongest DPPH" radical scavenger turned out to be methyl ferulate, which
possessed antiradical activity equal to Trolox and was superior to BHT. Free ferulic acid
was not so efficient radical scavenger, and similarly in the case of syringic acid, also the
methylated form was better antioxidant. On the other hand, free vanillic, caffeic and
p-coumaric acid lowered the DPPH"® concentration at steady state more effectively than
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Table 2. Antioxidant Effect (AE) of cinnamic and benzoic acid derivatives after 2 hours of incu-
bation with linoleic acid

Tabela 2. Aktywnos¢ przeciwutleniajaca (AE) pochodnych kwasu cynamonowego i benzoesowe-
g0 po 2 godzinach inkubacji z kwasem linolowym

Compound AE value
Badany zwiazek chemiczny Wartos¢ AE
o-coumaric acid 0.11
p-coumaric acid 0.24
methyl coumarate 0.09
caffeic acid 0.47
caffeic acid dimethyl ether —0.11
ferulic acid 0.61
methyl ferulate 0.52
sinapic acid 0.38
protocatechuic acid 0.36
syringic acid 0.38
vanillic acid 0.36
methyl vanillate 0.17
veratric acid 0.16
veratric alcohol 0.27

Table 3. Antioxidant Effect (AE) of cinnamic and benzoic acid derivatives after 2, 4 and 6 hours

of incubation with linoleic acid

Tabela 3. Aktywno$¢ przeciwutleniajaca (AE) pochodnych kwasu cynamonowego i benzoesowe-
g0 po 2, 41 6 godzinach inkubacji z kwasem linolowym

AE value measured after

Compound Warto$¢ AE mierzona po
Badany zwiazek chemiczny 2 hours of incubation 4 hours of incubation 6 hours of incubation
2 godzinach inkubacji 4 godzinach inkubacji 6 godzinach inkubacji
cinnamic aldehyde -0.08 0.12 -0.14
veratric aldehyde -0.08 0.24 -0.33
methyl syringate 0.22 0.36 0.28
syringaldehyde 0.12 0.65 0.24
benzoic acid 0.24 0.24 0.14
coumarin —-0.08 0 0.14
p-dimethylaminobenzoic aldehyde 0.68 0.88 1.00
BHT 0.56 0.77 0.9
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their methylated derivatives; in the case of caffeic acid dimethyl ether there was no
suppression of DPPH® formation at steady state. There can be also seen the difference in
antioxidant capacity between o-coumaric acid p-coumaric acid that was mentioned
already before, and in this medium o-coumaric acid showed practically no radical scav-
enging activity. The aldehydes studied were no antioxidants with the exception of sy-
ringaldehyde, which turned out to be quite a good and radical scavenger, what agrees
with the results of the previously presented systems with ABTS and linoleic acid.

Table 4. Scavenging of DPPH"® radicals measured as decrease of free radical concentration gained
at steady state.The initial concentration of DPPH °= 0.06 mmol-dm™

Tabela 4. Zdolno$¢ ,,zmiatania” rodnikow DPPH® wyrazona jako obnizenie stezenia wolnego
rodnika w stanie rownowagowym uktadu. Stgzenie poczatkowe rodnika = 0,06 mmol-dm™

DPPH"* concentration measured at steady state

Compound . . . S
P Stezenie DPPH'® mierzone w stanie rownowagowym

Badany zwiazek chemiczny

mmol/L
o-coumaric acid 0.056
p-coumaric acid 0.039
methyl coumarate 0.047
caffeic acid 0.044
caffeic acid dimethyl ether 0.060
ferulic acid 0.035
methyl ferulate 0.007
sinapic acid 0.034
cinnamic aldehyde 0.060
protocatechuic acid 0.036
vanillic acid 0.028
methyl vanillate 0.046
veratric alcohol 0.058
veratric aldehyde 0.060
syringic acid 0.034
methyl syringate 0.011
syringaldehyde 0.028
benzoic acid 0.060
coumarin 0.060
p-dimethylaminobenzoic- aldehyde 0.060
veratric acid 0.060
BHT 0.030
Trolox 0.008
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The reducing power is a measure of the ability of the compound to convert free radi-
cals to more stable forms. The compound having the reducing power is an electron
donor which terminates the radical chain reactions. Figure 1 shows, that reducing pow-
ers of 1 mmol-dm™ solution of ferulic acid or p-coumaric acid were higher than reduc-
ing powers of their corresponding methyl esters; moreover, reducing powers of ferulic
acid and its methyl ester were also higher than reducing powers of both forms of
p-coumaric acid.
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Fig. 1. Reducing powers of 1 mmol-dm™ solution of ferulic and p-coumaric
acid and their corresponding methyl esters
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Fig. 2. Reducing powers of 1 mmol-dm™ solution of syringic and vanillic
acid and their corresponding methyl esters

Rys. 2. Sity redukcyjne 1 mmol-dm™ roztworéw kwasu syringowego, wani-
liowego oraz ich estrow metylowych
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Figure 2 presents reducing powers of standard solutions of syringic and vanillic and
their methyl esters; it can be noticed, that as in the case of cinnamic acid derivatives
(Fig. 1) reducing powers of both free phenolic acids were higher than their ester forms.
High reducing power of methyl ferulate among other methylated derivatives of phenolic
acids must be emphasised.

Data presented in illustrations a-c gathered in Figure 3 present the reducing powers
of 1 mmol-dm™ solutions of a number of selected cinnamic acid and benzoic acid de-
rivatives. Among phenolic acids which were studied, the highest reducing power was
recorded in the case of protocatechuic acid (Fig. 3 b), but caffeic, sinapic (Fig. 3 b) and
ferulic acid (Fig. 1) also possessed high reducing power, higher than BHT and compa-
rable to Trolox (Fig. 3 c). The high reducing power of syringaldehyde (Fig. 3 ¢) must be
emphasised, when compared to reducing power estimated for syringic acid and methyl
syringate standard experimental solutions (Fig. 2). Although free caffeic acid had a high
reducing power, caffeic acid dimethyl ether showed a very poor reducing power (Fig. 3 a).
O- coumaric acid showed a very low reducing power (Fig. 3 b), much lower than the
reducing power of free p-coumaric acid and comparable to the reducing power of met-
hyl coumarate (Fig. 1). A number of the studied compounds, namely benzoic acid, vera-
tric acid, coumarin and p-dimethyloaminobenzoic aldehyde exhibited a very low
reducing power at experimental concentrations applied in this study.

DISCUSSION

A number of investigations conducted in order to evaluate the antioxidant activities
of pure cinnamic and benzoic acid derivatives indicated a structure- activity relationship
in model systems; Cuvelier et al. [1992] showed, that the antioxidant potential depends
on substitution of the phenol ring with hydroxyl groups in ortho or para position. The
methylation of the phenol ring in ortho position relative to the hydroxyl group also
increased the activity. These authors also pointed out, that higher antioxidant activity of
cinnamic acid derivatives in comparison to their respective benzoic acids can be as-
cribed to the presence of CH=CH-COOH group in these molecules. Neverthless, in our
study, benzoic acids, like protocatechuic and vanillic showed in some measuring sys-
tems higher antioxidant activities, than cinnamic derivatives- caffeic and ferulic acid,
respectively. The activity strongly depended on the applied medium and reflected polar
or apolar nature of the compound. It was stated, that polar antioxidant acts more effec-
tively in apolar medium and apolar antioxidant in medium with polar solvent. Most of
the acids exist in plants in forms of sugar ethers and esters, with only a small part as free
forms. Chen and Ho [1997] compared antioxidant activities of caffeic and ferulic acids
and their phenethyl esters; in this study, the antioxidant and antiradical potencies dif-
fered between pure cinnamic acids and their phenethyl esters, also depending on the
method used. In general, phenolic acid esters turned out to be equally or less effective
antioxidants than the corresponding pure acids. Moreover, chlorogenic acid which is
ester of caffeic and quinic acid showed in this study lower activity than caffeic acid.
Meyer et al. [1998] compared antioxidant activities of pure caffeic, p-coumaric, ferulic
acid with their tartaric acid esters. The differences in antioxidant potencies were related
to the degree of hydroxylation and methoxylation of the molecules; esterification to the
tartaric acid sligtly enhanced the activity of p-coumaric and ferulic acid, whereas esteri-
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fication of caffeic acid to quinic acid decreased the activity. Esterification of caffeic
acid with tartaric acid had no significant influence on the activity of this cinnamic acid
derivative. Our results agree with observations made by above mentioned authors, and
in all applied measuring systems free phenolic acids had higher antiradical activities
than their corresponding ether or ester forms, except methyl ferulate and methyl syrin-
gate, which very effectively “scavenged” DPPH’ radical.

Moon and Terao [1998] investigated the role of the 2,3-double bond in the structure
of caffeic acid and compared the antioxidant potency of caffeic and dihydrocaffeic acid
in different systems. The authors concluded, that double bond increased the antioxidant
efficiency of caffeic acid in some reaction mixtures, whereas in other measuring sys-
tems dihydrocaftfeic turned out to be stronger antioxidant. This suggests, that double 2,3
bond cannot be considered as responsible for the inherent antioxidant activity of the
caffeic acid. This conclusion agrees with our observations, because protocatechuic acid,
which lacks a double 2,3 bond in molecule showed higher antioxidant activities than
caffeic acid in two measuring systems (Tables 1 and 4). In another study, performed by
Natella et al. [1999] the antioxidant activities of four benzoic and four homologous
cinnamic acid derivatives were compared. The latter group of compounds: p-coumaric,
caffeic, ferulic and sinapic acid showed higher antioxidant activities than the corre-
sponding: p-hydroxybenzoic, protocatechuic, vanillic and syringic acids. This confirms
the role of propenoic side chain as an active group in this context. Presence of the sec-
ond hydroxy group strongly enhanced the antioxidant activities and the substitution of
methoxy groups in ortho- position to the hydroxy group also increased this activity.
Neverthless, in our study, protocatechuic and vanillic were better antioxidants than
caffeic and ferulic acid.

Ferulic acid forms the cross-links in arabinoxylans and lignins and may restrict en-
zymatic degradation of structural polysaccharides from aleurone cell walls. Maillard et
al. [1996] investigated the total antioxidant activity of extracts from malt at different
stages of malting; the authors confirmed strong influence of bound ferulic and p-
coumaric acids on this activity. Ferulic acid is most abundand cinnamic acid derivative
in barley endosperm cell walls and can influence some technological processes during
malting and brewing like releasing of cell wall structural polysaccharides into wort, e.g.
arabinoxylans. These pentosans together with B-glucans may cause some filtration prob-
lems, as well as beer non-microbial hazes. Ohta et al. [1994] enzymatically isolated
hemicellulose fragments from insoluble corn bran dietary fiber, mainly ferulic acid
arabinoxylane esters, having a range of molecular weight. It was stated, that cell wall
hemicellulose fragments from corn had useful antioxidant activities; high molecular
fractions of arabinoxylans esterified by diferulic acid were stronger antioxidants than
free ferulic acid, 5-O-feruloyl-L-arabinofuranose and low molecular arabinoxylans. The
antioxidant activities of these high molecular fractions of arabinoxylans can depend on
diferulic acid concentration, because they contained much more diferulic moieties than
other fractions. In another study, Ohta et al. [1997] investigated differences in antioxi-
dant activities of 5-O-feruloyl-L-arabinofuranose and free ferulic acid. Free acid sho-
wed less suppressive effect on low density lipoproteins oxidation than ferulic acid sugar
esters, probably due to the better affinity of the LDL molecules to the ferulic acid esters,
which has hydrophilic sugar moiety. We must emphasise, that in our study free ferulic
acid in model solution was a better antioxidant, but methyl ferulate was a very efficient
DPPH’ radical scavenger, 5-fold stronger than the free acid. What is also important, the
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portant, the authors have revealed, that feeding rats with 5-O-feruloyl-L-
arabinofuranose resulted in presence of more polar derivatives of this ester in plasma,
probably conjugated form, in contrary to the control group of rats, where no ferulic acid
derivatives were detected. This verifies the absorption of 5-O-feruloyl-L-
arabinofuranose from digestive tract to the plasma and can be an important step in
studying the role and metabolism of ferulic acid sugar esters in human organism.

Fantozzi et al. [1998] evaluated the contents of phenolic compounds at every stage
of the brewing process. It was concluded, that more than 80% of total phenolic com-
pounds in beer after bottling and pasteurization are phenolic acids, responsible for rela-
tively high in vitro antioxidant activity of beer. Other authors [Walters et al. 1997 a, b]
studied the influence of ferulic acid on formation of carbonyl compounds during the
forced-aging of beer. Ferulic acid increased the formation of some carbonyl compounds
which are markers of flavour deterioration, neverthless this acid was very effective
hydroxyl radical quencher and inhibited lipid peroxidation.

Some food matrix components like proteins can influence the antioxidant activities
of phenolic acids, for example Heinonen et al. [1998] studied effect of bovine serum
albumin (BSA) on the activity of ferulic and caffeic acids and certain flavonoids in
lecithin-liposome oxidation system. The presence of protein in reaction medium en-
hanced antioxidant activity of ferulic acid; caffeic acid being poor antioxidant in applied
system without protein, turned out to be prooxidant or inactive in the presence of BSA.

CONCLUSIONS

The study was undertaken in order to study the antioxidant and antiradical activities
of a number of cinnamic and benzoic acid derivatives as well as checking if esterifica-
tion of the free acid can change the total antioxidant activity of the acid. It was stated,
that the applied measuring method strongly influences the obtained result. In the system
containing 2,2 -azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS), the antioxi-
dant activities of the studied acids were as follows: vanillic acid > sinapic acid > proto-
catechuic acid > syringic acid > caffeic acid > ferulic acid. The antiradical activities of
methyl derivatives were much lower than the activities of free forms, except methyl
ferulate, which scavenged ABTS radical only slightly less effectively. This compound
was the most efficient DPPH" scavenger from all the compounds studied, equal to Tro-
lox at the same concentration. The compunds tested scavenged the DPPH" radical in
decreasing order: methyl ferulate > methyl syringate > syringaldehyde = vanillic acid >
syringic acid = sinapic acid = protocatechuic acid = ferulic acid > p-coumaic acid >
caffeic acid > methyl vanillate = methyl coumarate. Also in the linoleic acid oxidation
medium, ferulic acid and methyl ferulate were strong antioxidants. In 2-hour-incubation
trials the two compounds were followed by: caffeic acid > sinapic acid = syringic acid >
protocatechuic acid = vanillic acid > veratric alcohol > p-coumaric acid. In 6-hour incu-
bation trial, the most antioxidant compounds were in following order: p-dimethylami-
nobenzoic aldehyde > syringaldehyde > methyl syringate. The highest reducing powers
owned protocatechuic acid, caffeic, sinapic and ferulic acid, higher than BHT and com-
parable to Trolox. Free ferulic, vanillic, syringic, p-coumaric and caffeic acid had
stronger reducing powers than their methyl esters, although quite high reducing power
of methyl ferulate among other methylated derivatives must be emphasised.
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AKTYWNOSC PRZECIWUTLENIAJACA POCHODNYCH KWASU
CYNAMONOWEGO I BENZOESOWEGO

Streszczenie. W pracy badano aktywnos$¢ przeciwutleniajaca pochodnych kwasu cyna-
monowego i benzoesowego mierzong wybranymi metodami. Catkowita aktywnos¢ prze-
ciwutleniajaca zostata zbadana za pomoca metody z uzyciem emulsji kwasu linolowego w
wodzie. Zdolnoé¢ ,,zmiatania” wolnych rodnikéw zbadano uzywajac kwasu 2,2 -azinobis-
-3-etylobenzotiazolino-6-sulfonowego (ABTS®) i w ukladzie badawczym zawierajacym
rodnik DPPH". Badano takze site redukcyjng zwiazkow fenolowych. Stwierdzono, ze wy-
nik oznaczania aktywnosci przeciwutleniajacej byt uzalezniony od zastosowanej metody
badawczej. W ukladzie zawierajacym rodnik ABTS®, aktywno$¢ przeciwutleniajaca
zwiazkéw fenolowych uporzadkowano w szeregu malejacym: kwas waniliowy > kwas
synapowy > kwas protokatechowy > kwas syringowy > kwas kawowy > kwas ferulowy.
Wolne rodniki DPPH" ulegaly ,,zmiataniu” z nastepujaca malejaca sita: ferulan metylowy
> syringinian metylowy > aldehyd syringinowy = kwas waniliowy > kwas syringowy =
kwas synapowy = kwas protokatechowy = kwas ferulowy > kwas kumarowy > kwas ka-
wowy > wanilian metylowy = kumaran metylowy. Rowniez w uktadzie badawczym za-
wierajacym kwas linolowy wykazano istotne zréznicowanie catkowitej aktywnosci prze-
ciwutleniajacej. Utlenianie kwasu linolowego po 2-godzinnej inkubacji bylo hamowane
w nastgpujacym porzadku malejacym: kwas kawowy > kwas synapowy = kwas syringo-
wy > kwas protokatechowy = kwas waniliowy > kwas weratrowy > kwas p-kumarowy.
Najwigksza sila redukcyjna, wigksza niz BHT i poréwnywalng z Trolox-em, charaktery-
zowaly si¢ kwasy: protokatechowy, synapowy i ferulowy. Metylowe estry kwasow feno-
lowych wykazaly mniejsza aktywnos$¢ przeciwutleniajaca niz wolne kwasy fenolowe,
z wyjatkiem ferulanu metylowego, ktorego aktywnos¢ byta zblizona do aktywno$ci wol-
nego kwasu ferulowego.

Stowa kluczowe: pochodne kwasu cynamonowego, pochodne kwasu benzoesowego, ak-
tywno$¢ przeciwutleniajaca, aktywno$¢ ,,zmiatania” wolnych rodnikow
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