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Abstract : This study proposes a simple and fast
methodol ogy for the estimation of theantioxidant activ-
ity (AA) of aqueous extract of flowers, based onthe
inhibition of the luminol chemiluminescenceinaFIA
system. At the optimum operationa conditionstheAA
of several common phenolic antioxidantswere mea-
sured in terms of the EC, (concentration needed to
reducein 50% the CL of blank) by plotting the per-
centage of CL inhibition (% Inh) against thelogarithm
of the antioxidant concentration, theresultswere ex-

INTRODUCTION

Antioxidants have become one of themaost impor-
tant topicsin human hedlth because of the high exposi-
tiontofreeradicds. Althoughthemolecular oxygenis
essentid for thesurviva of al aerobicsorganisms, the
reactive oxygen species (ROS), produced by the oxy-
gen metabolism areharmful for living organismsand
they have been consi dered aspromotersof severd dis-
easesinduding cancer, cardiovascular or neurological ™,

plained on basisof structure-reativity rdaionships. The
method was eva uated determining theanti oxidant ac-
tivity of dried flowers of Hibiscus Rosa Snenisand
Hibiscus Sabdariffa, which were extracted with etha-
nol and water to dissolvethe biophenols, flavonoids
and anthocyanins. TheA A wasmeasured by the pro-
posed method agreed well with theresults obtained by
the DPPH test suggesting that it can be used as a
complementary method for theeva uation of hydropho-
bic substanceswith antioxidant properties.

The polymorphonuclear arethe cell mediatorsthat
producereactive oxygen species (ROS) asaninitidly
protectivemechanism against inflammation®®, but the
production of these speci escan damage both thetarget
and the surrounding cells. In consequence, both the
ROSredeaseand theinflammation areinvolvedinthe
pathogenesisand progression of inflammatory diseases.
Under these adverse circumstances, ROS secretionis
followed by lipid peroxidation, amino acid oxidation,
protein fragmentation and DNA damage!®. For that
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reason, natural antioxidantsare being studiedin medi-
cineasameansof limiting diseasesassociated with the
oxidative stressand the damagethat it may cause.

Ingenerd, theantioxidantscan bedivided intotwo
groupsdepending on their mechanism of action: chain
breaking antioxidantsor preventiveantioxidants'’. The
first group comprisesthose molecul esthat reducethe
rateof chaininitiation and a o, they caninterferewith
the chain propagation. Thegroup of preventiveantioxi-
dantsincludeschelatorsof meta ionsthat prevent the
uncontrolled formation of freeradicalsand activated
oxygen species catayzed by thesemetd ions.

Inthesegroups areincluded the plant polyphenals,
which exhibit multifunctiond properties, such asreduc-
ing agents, hydrogen donating antioxidantsand singlet
oxygen quenchers. Therefore, thisability to act asanti-
oxidantsmakesthem useful in protecting thehuman body
against thosefreeradica sby different mechanismsin-
cluding theradica scavenging™.

Theevduation of substanceswith potentia antioxi-
dant effectsrequiresreiable, smpleand fast analytical
methods. Many in vitro proceduresare employed, for
instance, thefreeradical scavenging of Mediterranean
and aromatic herbswere evaluated by Pargjo et al .*3
using the DPPH assay, superoxide-nitro-bluetetrazo-
lium (NBT), the coupling hypoxanthine/xanthine oxi-
dase and theluminol chemiluminescence. In addition,
the B- carotene bleaching test and Folin-Coicalteau
method were used by these authorsto determinethe
antioxidant activity and thetota phenolic contentinthe
samplesevauated. In other work, Atoui et a. used
the Folin-Coicalteu procedureto determinethetotal
polyphenolic content inteaand herba infusions, while
the antioxidant activity was measured by the DPPH
method and by chemiluminescence assay.

The basis of the chemiluminescence (CL) assay
using luminol isthe measurement of the changeinthe
emissonintengty of theelectronicdly excited phtha ate
intermediatesin the presence of the antioxidant, be-
cause usually an attenuation of emission (quenching or
inhibition) isobserved. Those substanceswhich lower
the CL intensity without affecting thetotal light-output
areclassed asinhibitors, butif thequantumyiddisaso
suppressed they are called as quenchers. In general,
the anti oxidant mechanism may involvetheremoving of
reactantsthrough chemica interaction or complex for-

mation or by acting asradical scavengers®4.

The proceduresfor based onthe CL for the deter-
mination of antioxidant activity have the advantage of
low detection limits, widelinear dynamic rangesand
the speed of responsein the determination of reactive
oxygen speciesin avariety of biologica systems, pro-
viding amorerapid approach for the measuring of the
antioxidant activity compared with other methods™.
Also, the CL measurements are often used to deter-
mineinitid radical productsof lipid oxidation® and for
thequantification of thesuperoxideradica inbiologica
systems.

Thenaturd biophenadls, including flavonoidsand an-
thocyanins, present in many flowers, have chemical
structuresvery convenient for radical scavenging, and
their ability to delocalize the unpaired el ectron of the
resulting freeradical has been show to bedirectly pro-
portional to their antioxidant capacity'®. The method
proposed inthiswork was based on theinactivation of
thefreeradicasproduced during thedecomposition of
hydrogen peroxidein abasic solution. In thismethod,
transition metals were not employed because flower
flavonoids can act asion quelatorsand theaim of this
work wasto propose an analytical procedurefor the
eva uation of theability of flower flavonoidsfor break-
ingthechainreactions.

MATERIALSAND METHODS

Reagentsand solutions

All of thechemicalsusedin thiswork were of ana
lytical gradeand used without further purification. Wa-
ter was obtained from aMilli-Q purification system.
Luminol wasobtained from Fluka(Spain). Sodium per-
borate wassupplied by Sigma-Aldrich (Spain). A stock
solution 1 mM of luminol waspreparedin0.1mol L*
borate buffer at pH 10.5, this solution was stored for
24 hoursbeforeto usein order to have stableand re-
producibleCL signals.

A 5 mM solution of sodium perborate was pre-
pared daily and was used to supply the H,O, required
dor theluminol oxidation. Synthetic antioxidantsGalic
acid (GA), Caffeicacid (CA), Propylga ate (PG) and
tertbuthyl hydroquinone (TBHQ) were obtained from
Sigma(Germany).
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Manifold and general procedure

A threelineFIA manifold detailed infigure 1 was
used for al experiments. It consisted in aperistaltic
pump (Gilson Miniplus-3) to propel thereagentsand
carrier stream (Milli-Q water) at aconstant flow rate
(5mL minY). Thefirst channel wasused for the solu-
tionsthat contained the natural or synthetic antioxi-

dants, whilethe second was used to propel the carrier
(Milli Qwater). Theluminol solution (1 mmol L) was
manually injected tothe carrier streamusingasix port
injection vave (250 uL sample loop). These solutions
merged at aT-piece before enter to the detector de-
vice. Thethird channel carried the perborate solution
directly to the detector cell, where it was mixed with
theluminol-antioxidant solution.

1

Perborate

H 10
5 mmol L1 \ B

Antioxidant {

Carrier
(MilliQ water)

A/D Converter
Peristaltic {1ection o PMT
Pump Valve
250 uL

Luminol 1 mmol L'J

Figurel: Systemfor thedeter mination of theantioxidant capacity

TheCL detector employed wasaCamspec Chemi-
luminescence Detector CL-2 (photosensor module
Hamamatsu 45773-20 spectral responsefrom 300 to
900 nm; spird-typeflow cdl, volume 120 uL; Sawston,
Cambridge). It was connected to acomputer by adigi-
tal analogical converter. CL intensity dataagainst time
wereacquired usingthe Clarity verson2.4.1.77 (Data
Apex) softwareto obtain the values of maximum CL
intengty.

Evaluation of theantioxidant activity of synthetic
antioxidants

To evauatethe proposed CL method, the antioxi-
dant activity of thefollowing syntheticantioxidants. GA,
CA, TBHQ and PG was measured using the system
described above and the results were interpreted on

thebasisof structure-reactivity reationships. Thus, 100
pg mL! stock solutions of each antioxidant were pre-
pared in ethanol (5 %) and working solutionsin the
range between 0 and 100 uM were prepared by dilu-
tioninwater. A blank solution which did not contain
any antioxidant was|so prepared. By plotting the CL
intensity against thetime, themaximum (1) intensities
for blank and sampl eswere measured and the percent-
age of inhibition (%Inh) in each case was determined
usingthefollowing equation:

I
% Inh = 22 =" + 100

blank

Procedure to determine the EC_, for the flower
extracts

Flowersof Red Cayena (Hibiscus Rosa Snenis)
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wererecollected from public gardensfrom Maracay
City, Venezuela, whiledried Roselleflowers (Hibis-
cus SabdariffaL.), knowninVenezuelaasFlor de
Jamaica were purchased from anaturist store. The
flower extractswere prepared asfollows: 100 mg of
dried flowerswere macerated with 5 mL of ethanol
95 % in 125 mL Erlenmeyer flasks and then soni-
cated by 15 min. The supernatants were filtered
through Whatman 1 filter paper into 100 mL volu-
metric flasks and the volumes were made up with
the ultrapure water.

Aliquotsform 0.2to 2 mL of flower extractswere
put into 25 mL volumetricflasksand thenfilled withthe
ultrapurewater and then. These sol utionswere used
without any other treatment. The % Inh were deter-
mined inthe sameway described for synthetic antioxi-
dants. The EC_ valueswere obtained by plotting the
logarithm of the extract concentrationin each solution
against the%lnh.,

Deter mination of antioxidant activity (DPPH Test)

The determination of freeradical scavengingwas
made using the stabl e 2,2-diphenyl-1-picryhydrazyl
radica (DPPH) asan aternative procedurein order to
compare the results with those obtained by the pro-
posed CL method. Fivediquotsof 0.5mL of afreshly
prepared 0.1 mM DPPH radical (Sigma) were added
to fivetest tubes. Aliquots of theflower extracts be-
tween 0.1 and 2.0 mL, depending on the antioxidant
power, were added to the test tubes and the volumes
weremadeupto 2 mL withMilli Qwater. Thereaction
mixtures were shaken and the absorbance was mea-
sured after 30 minutesat 515 nminaBeckman DU70
UV/Visible spectrophotometer.

Theradica scavenging activities(RSA) were cal-
culated asindicated in the equation.

A, —-A

RSA (%) = L x 100

WhereA ; isthe absorbance of the control, which con-
sistedin 0.5 mL of MilliQwater andA | istheabsor-
bance of thesample. By plottingthe RSA valuesagainst
theextract concentrationsin each test tubetheinhibi-
tion curves were represented and used to obtain the
EC,, vaue.
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Deter mination of total biophenols(TBP), antho-
cyaninsand flavonoids

Inorder to explainthedifferencesin the antioxidant
activity of thetwo types of hibiscusflowers, the con-
centrations of bioactive compounds such asphenals,
flavonoids and anthocyanins were determined. The
spectrophotometric Folin-Coicateu method was used
to determine TBp as described by Arnous et al.[.
Briefly 25 mL of Milli-Q water were added into a50
mL volumetricflask and suitableamountsof theflower
extractswere al so added to obtain absorbance values
intherangeof thecdibration curve. Onemililiter of the
Folin-Coicalteu reagent was added and, after 3 min-
utes, 2mL saturated Na,CO,. Thevolume was made
up and the absorbances were measured two hourslater
a 725 nm. Resultswereexpressed asmg of gallicacid
equivaents(GAE).

Ontheother hand, the quantification of anthocya
nins content was made by pH-differential spectrom-
etryt?, Two diquotsof 1 mL of theflower extract were
transferred to two 25 mL volumetricflasks. Thefirst
flask wasfilled with abuffer solutionpH 1 (KCl inHCI)
whilethe second wasfilled with the buffer solution at
pH 4.5 (acetate/acetic acid). Theabsorbancewascal-
culated asfollows:

A=(azr-az)-(
Were A represents the absorbance measured at 510
and 700 nm at thetwo pH conditions. The percentage
of total anthocyanins (%ow/w) wascd culated usngthe
molar absorbance of dephinidin-3-glucosdes=23700
and themolecular weight 518.5gmol.

Thetotd flavonoid concentration wasdetermined
using the aluminium chloride col orimetric method™.
Standard sol utions of quercetin between 20 and 200
ug mL* were prepared in 80 % ethanol, 0.5 mL of
each solutionswere mixed with 0.1 mL 10 %AICl,,
0.1 mL of 1 M sodium acetate, 1,5 mL of 95% ethanol
and 2.8 mL of distilled water. After incubation at room
temperaturefor 15 minutes the absorbance was read
at 415 nmand acalibration curvewasmade. A blank
solutionwasprepared using water instead of the quer-
cetinsolution. Similarly, 0.5 mL of flower extractswere
reacted with AlCl, for the determination of flavonoids
asdescribed above.

5100m 700nm
pH45 ApH4.5 )
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RESULTSAND DISCUSSIONS

Optimization of thesystem luminol-perbor ate-an-
tioxidant

Theeffectsof theluminol concentration and borate
buffer pH on the chemiluminescenceemiss onwasstud-
ied, results showed that luminol concentrationsbel ow
1 mmol L produced small peaksfor blanksand anti-
oxidant samples, whilehigher concentrationsproduced
wide pesksbut not increased the maximum chemilumi-
nescenceemission. Also, apH of 10 of theborate buffer
used to dissolvetheluminol wastheoptimumto obtain
reproduciblesignals.

According to the procedure proposed, theluminol
isincorporated to the system through theinjection of a
determined volumeinto thecarrier ream. Insuch way,
sample loops of 10, 100 and 250 and 500 uL were
tested and, results showed that the higher and sharper
peaks were obtained when 250 pL of perborate are
injected to the system.

On the other hand, the perborate was used as a
sourceof theH,O, to givethefreeradica sthat oxidize
theluminol moleculeto producethee ectronically ex-
cited phtalate. Concentrations between 1 and 10 mmol
Lt weretested, obtaining the highest CL signalswith
an optimum concentration of 5 mmolL*, which was
usedinall further experiments.

It hasbeenwell established that theluminol CL emis-
sion dependsgresatly ontherate of reagentsmixing, for

that reason, thereagentsflow rate was other factor to
be optimized. Records obtained using flow rates be-
tween 2 and 6 mL min* showed that the CL emission
increases and the peakswerelesswidewhen theflow
rate increased, achieving maximum valueswhen the
peristaltic pump propelled thereagentsat 5 mL min™.
Faster flow-rates leaded to small peaks because the
maximum emiss onwasreached whenthereagentswere
out of the detector cell.

Under the optimum conditionsdescribed abovethe
fiagramsinfigure 2 were obtained for the determination
of EC,, valuesof Galicand Caffeic acids. Beforethe
injection of theluminol alow and stablebaselineis
obtai ned becausethereisnot any CL emission. When
thisreagent wasinjected and mixed with the perborate
solution at the detector cell, afast increase of the CL
emission wasobserved achievingamaximumintensity
vauetofal againtothebasdine, producingaCL pesk.
Inthisfigure, thefirst three peaks of each seriescorre-
sponded to the blank solutions and were used to es-
tablishthemaximumemissionor| _ .Inthepresenceof
theantioxidant solutions, smilar peskscan beobserved,
but the CL intensity diminished asthe concentration of
the antioxidant increased. Evidencing theinfluence of
the antioxidant over theluminol oxidation by thefree
radi cal sgenerated during he decomposition of the per-
borate. Thelast three peaksin both antioxidantsrepre-
sented theinhibition effect of thehigher concentration
that amost inhibited completely theluminol oxidation.
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Figure2: Typical fiagramfor thedeter mination of theAA of gallicand caffeicacidsunder theoptimized conditions.
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Theinfluence of the antioxidants concentration on
the chemiluminescence emission was represented by
thefollowinglogarithmicfunctions:

%Inh =19.58Ln[Gallic Acid]+30.21 R? = 0.9851
% Inh =14.05L n[Caffeic Acid] + 53.40R? =0.9949

Theseequationsestablish linear dependencesfor the
concentration range between 1 and 16 umol L*for both
antioxidants. Similar equationswere obtained by Wang
eta. @ inthedetermination of gdlicacidin olivefruits
usingaCL procedure based ontheluminol oxidation.

The EC_ werecal culated giving values of 2.74
and 0.79 umol L™ for gallic and caffeic acids. The
repeatability wastested by five consecutive determi-
nationsof the EC_, using different luminol, perborate,

gallicor caffeic acid solutions, obtaining EC, ..o
100 1~

78 =

ORIGINAL ARTICLE
=081+

=2.80+0.25 pmol L™ and ECy; e aig)

0.07 umol L', representing rel ative standard devia-
tions (RSD) of 8.9 and 8.6 % respectively. On the
other hand, the reproducibility was eval uated by de-
termination of EC_, for thesamegallic acid solutions
during five consecutivedays, obtaining afina vaueof
2.95+0.15 umol L*(RSD. . =5.1%).

interday
Measurement of the EC_ for synthetic antioxi-
dants

Inorder totest theinfluences of themolecular struc-
tureand reactivity on theproposed CL method, thein-
hibition curvesfor four synthetic antioxidants(figure 3)
were obtained by pl otting the % Inh against the mol ar
concentration and, these curves were used to deter-
minethe EC_, by interpolation.

50 A

%Inh

25 A

—&— Gallic Acid EC50 = 2.74 umol/L

—8— Caffeic Acid EC50 = 0.78 umol/L

—&— Propyl Galate EC50 = 1.30 umol/L

——TBHQ EC50 = 3.37 umol/L

0 3 6 9

12 15 18 21

Concentration pmol L™
Figure3: Inhibition curvesfor synthetic antioxidants

Low vauesfor EC_ implied higher antioxidant ca-
pacity, which wasrelated with the stabilization of the
unpaired e ectronsof the phenolic freeradicalsgener-
ated when the antioxidant inactivate theradicals*OH
that camefrom the decomposition of the hydrogen per-
oxide. Theunpaired e ectron can bedelocaized inthe
several resonance structures associated to the conju-

gated double bonds of the aromatic rings. In conse-
quence, the concentrations of freeradica savailableto
attack theluminol moleculesarelow affecting thenum-
ber of the excited molecul esrespons blefor the chemi-
luminescenceemisson.

For exampl e, the caffeic acid, apotent antioxidant
commonly used in many food systems, produced the
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lowest EC_ vaue, that can be explained onthebasisof
the orthodihydroxyl functionality in thering catechol,
whichistheresponsiblefor itsantioxidative and free
radical scavenging activity*®. Also, thee presence of
the el ectron-donating hydroxyl group at the ortho po-
sitionincreasestherate of H-atom transfer to peroxyl
radicals, whilethe unsaturated 2-3 double bond of the
Sdechain contributeto maximizethestabilization of the
phenalicradical, by the del ocalization of the unpaired
electronintheresonance structures.

The propylgdatedespiteof havingathird hydroxyl
group on thearomatic ring, lacks of the double bound
sidechainand, for that reason, itsantioxidant activity
isdightly low if compared with thecaffeic acid. The
gallic acid possessesthree € ectron-donating hydroxyl
groupsin the positions meta and para with an acid
carboxylicfunctiona group. Thismolecular structure
present aminor number of resonance structuresto
stabilizing afreeradica with aconsequent increasein
thevalueof EC,

90 -

R’ = 0.9998
ECsp = 6.6 ug mL”’

80 A

70 A

60 -

%Inh

Bl el
%Inh = 16.979Ln[Roselle] - 2.3204

40 A

%Inh = 17.956Ln[Cayena] + 16.128

The molecule of TBHQ only presents two OH
groupsin para positionswith atertbuthyl group that
hasaminor contributioninthe stabilization of thefree
radical, thisstructural differencewith respect the other
antioxidantsistheresponsiblefor the higher value of
the EC_,, which ismorethan threetimes higher com-
pared withthecaffeicacid.

Antioxidant activity of flower sextracts

Theantioxidant activity of the hibiscusflowerswas
determined by the method described above. Accord-
ing to theresults showed infigure 4, the Red Cayena
exhibitsthe greatest antioxidant activity withan EC_
vaueof 6.6 ug mL?, whilethevauefor Roselleflow-
erswas 28.1 ug mL. Theseresults suggest that the
variety Rosa Snendgshasthehigher radica scavenging
activity when compared with other Hibiscusvariety A
similar trend was observed when the DPPH test was
applied. In this case the EC_, values were 0.20 and
2.83 mg mL* Hibiscus Rosa and Hibiscus Sabdariffa.

R? = 0.9993
EC50 = 21.8 ug mL™

30 .
1.5 2.5

3.5 4.5 5.5

Ln(concentration ug mL'1)
Figure4: Dependenceof % I nh with thelogarithm of flower extract concentrations.

Thechemical anaysesof theflower samplesused
inthiswork reveal ed that the extract obtained from
Hibiscus Rosa Snensis have a concentration of
biphenoals, flavonoids and anthocyanins higher than

those found for the Roselle flowers (TABLE 1); for
example, theconcentration of flavonoidsin Red Cayena
was 257 mgglondry basis, whilein Roselleflowers
the concentration wasonly 27.5 mg g*. On the other
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hand, thetotal bi phenolsconcentrationsdetermined by
the Folin method included not only theflavonoids, but
also other phenols and polyphenol s that can be ex-
tracted under the conditions of the present experiment.
The analysis of Hibiscus Rosa extracts given acon-
centration of 49.5 mg g against the 10.7 mg g* ob-
tained for Rosdlleflowers.

TABLE 1: Concentration of bioactivecompoundsin flowers
of Hibiscus Rosa Sinensisand Hibiscus Sabdariffa

Bioactive Hibiscus Rosa Hibiscus
Compounds Sinensis Sabdariffa
Biophenols 49.5mgg* 10.7mgg*
Anthocyanins 0.77mgg* 0.40mgg*
Flavonoids 257mg g’ 27.5mgg*

Thesedifferencesinthechemicd compostionsmay
explaintheresultsin the RSA determination. Thus,
Puckhaber et al.[*® found that Hibiscus Rosa Snenis
flowerscontain theflavonol quercetin alongwith the
cyanidin, beingthislast the anthocyaninresponsiblefor
thered color of theflowersin acidic solutions. Both
compounds belong to the groups of bioactive com-
poundswith strong antioxidant activitiesand many other
important properties, asfor example hair growth pro-
moting™. On the other hand, theflavonoids such as
del phinidin-3-sambuboside and cyanidin-3-
sambuboside, have been found in petal s of Hibiscus
SabdariffabyAli etal..

The capacity of flavonoidsto act as antioxidants
dependsupon their molecul ar structure. The position
of hydroxyl groupsand other featuresin the chemical
structure of flavonoids areimportant for their antioxi-
dant andfreeradica scavenging activities. For example,
VanAcker et a .19 reported that for agood anti oxidant
capacity acatechol moiety onring B of flavonoidsis
required. Also, the 3-OH group in combinationwith a
C2 C3 doublebond.

The presence of hydroxylsin theflavonoidsmol-
eculesisof fundamenta importanceto understand the
antioxidant andradica scavenging activity. For that rea
son the effect of the commonly used shift reagentson
the UV spectrum was study. Flower extractswere ob-
tained in methanol and the position of the pesksof maxi-
mum absorption were determined after the addition of
sodium metoxide, sodium acetateand AICl.,.

The UV spectrum of the methanolic solution of

Hibiscus Rosa Snensis supported theflavoneor fla-
vonol 3-O-subgtituted structureswithamaximumeat 328
nm associ ated with the cinnammoy! functiondity, while
asecond band at 276 by the presence of the benzoyl
ring (TABLE 2). The addition of sodium metoxidepro-
duced abathochromic shift of theband I, whichisan
indication of thepresenceof hydroxyl groupsinthefla
vonoid molecule.

TABLE 2: UV-visbleabsor ption peaksof flavonoidsin M eOH
and their shiftsin different solvents

H. Rosa Sinensis H. Sabdariffa
Reagent
Bandl BandIl Band!l Bandll
CH3;OH 328 276 326 272
CH;ONa 380 278 382 278
CH;COONa 334 276 326 276
AICl;+ HCI 330 276 332 274

The sodium acetateis abase weaker than sodium
metoxide and is used to detect the presence of the
most acidic hydroxyls such asthose present in the 3,
4’ and 7 positions. The addition of this base produced
ashift of theband | from 328 nmto 334 nmwhichis
consi stent with the presence of the OH inposition 7,
which may be associated with the antioxidant activity
determined inthe Red Cayenaextracts. Finally, the
addition of AICI, did not produce any displacement
discarding the presence of aflavonol with OH inthe
positions3or 5.

For the Rosdlleflower extractsthemethanolic band
at 326 nmindicatesthe presence of aflavone. Theshift
in presence of sodium metoxidereveal sthe existence
of hydroxyl groups, but not located at the positions 3,
4’or 7, because no displacements were detected when
the sodium acetatewas used as shift reagent. The addi-
tion of AICI, produceadight changesinthe maximum
of absorption, probably dueto thepresenceof a3or 5
hydroxylated flavonal.

These results show differencesin the molecul ar
sructureof theflavonoidspresent in both kind of flow-
ers, which can bere ated with the antioxidant activities
determined in this work. Therefore, the proposed
method was ableto detect such differencesin termsof
theability toinactivatethefreeradicals.

CONCLUSIONS

The proposed CL method isableto distinguish be-
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tween two sourcesof natura antioxidantsinfastasmple
way, that only requirethedissolution of theantioxidants
inanagueous-EtOH dissolution with out any additiona

treatment. Theaboveresultsdemonstratethat theanti-

oxidant potential, expressedintermsof EC,_, wasde-

pendent onthemolecular structureof the pure phenolic
compoundsandasimilar Stuationwasobservedinthe
complex phenolic mixturesof teas, winesor grape seed.

Theproposed FIA system, based on the attenuation of
theluminol CL can detect such differences, providinga
smple, sensitiveand accurate method for the determi-
nation of the antioxidant potential which was associ-
ated to the TBp content.

The proposed method was easy to apply and fadt,
requiring afew minutesto completetheanaysisof a
singlesample. Aditiona advantagesof thisprocedure,
such asabsence of sophigticated equipment, highly cost
reagents or pretreatments of the samples, resultsina
moreeconomicand environmentd friendly method that
can be used asacomplement of other methodsfor the
monitoring of theanti oxidant activity of food samples.
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