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Automated and manual luminescent assay of antioxidant capacity:
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Abstract

The analytical performances of a manual and a partially automated chemiluminescent (CL) assay, of total antioxidant capacity (TAC) were
assessed. In both cases the light emitting reaction involved luminol, horseradish peroxidase and hydrogen peroxyde, but the emission kinetics
and the parameters taken into account to calculate TAC values were completely different. The major characteristics expressing the quality
of the two analytical methods, i.e. inaccuracy, repeteability and reproducibility, sensitivity, time required for the analysis and detection limit,
were estimated by using standard solutions of Trolox. The reliability of the automated method, in comparison with the more validated manual
one, was demonstrated testing food samples such as honey, wine and dietary supplements and performing a statistical analysis of the results
The comparison of the two series of datathigst resulted in p values in the range 0.1-0.01. The time required for the analysis of each sample
was reduced to one third using the automated method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the inhibition of an artificially-generated oxidative process
by scavenging molecules present in the sample, they differ
The role of the antioxidant strategy developed by living in the choice of the oxidation source and target and in the
organisms to counteract the deleterious effects of the “ox- detection of the oxidized producfs4—-16]. Among others,
idative stress” has been progressively emphatised in paralleldifferent CL methods were repeatedly developed and applied
with the increasing number of diseases ascribed to cell free[17-24]. Generally, the sample inhibits the radical-induced
radicals injury[1,2]. light emission in proportion to its content of chain-breaking
The protective effect against oxidative stress of the di- antioxidants.
etary intake of low molecular weight antioxidant compounds ~ Chemiluminescent (CL) reactions, thanks to advantages
has been widely recognizg¢8-13], stimulating the interest  such as high sensitivity and selectivity, wide linear range,
about the antioxidants content of foods and the consumptionsimplicity and the use of inexpensive instrumentation for
of dietary supplements containing mixture of antioxidant monitoring emission, have considerable analytical potential
molecules. Then, great importance has been attributed to anin a great variety of application®5] and whenever a CL
alytical methods able to assess the total antioxidant capacityassay was automated even better results were achieved in
(TAC) in vivo as well as in foods. Most of them measure terms of reproducibility of the data, number of tested sam-
ples and easiness of employm§ng—30].
mspondmg Author. Toks 30.051.2005660 Pr_e_vious_ly we applied a TAC enhanced CL manual assay,
fax: +39-051.2095652. T ' modified with respect to that suggested by Whitehead et al.
E-mail address: girotti@biocfarm.unibo.it (S. Girotti). [22], to serum samples, as well as to beverages like wine,
URL: http://biocfarm.unibo.ittgirotti/. beer, tea[31-33]. We obtained interesting results but we
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experienced the typical disadvantage of this method: the longe Dietary supplements: Natura Mix Abot4 (Aboca,
time required to obtain a single measurement. The aimofthis  taly), Carovif™ (Biochimici PSN, ltaly), Polasé’
work was to compare, in term of analytical performances,  (Wyeth Lederle, USA) Biokromaton Mineral Vi
the results obtained by the usual manual method and by an  (Menarini, Italy), were bought at local pharmacies.
automated one, developed on a multiplate luminometer with
computerised data processing. The dietary supplement preparations were diluted, in or-
Standard solutions of Trolox were used to define the ana- der to fit with the calibration curve range, in 0.1 M potassium
lytical quality of the two methods; food samples like wine, phosphate buffer pH 7.4, alone or added with 3% of ethanol
honey and dietary supplements were analysed in order t096°> when the preparation contained lipophylic antioxidants.
compare the two sets of results. When necessary the samples were centrifuged at 2100 rpm
for 3 min, to avoid the presence of suspended particles.
All samples, in both procedures, were tested as triplicate.
2. Materials and methods
2.1. Reagents 2.4. The manual TAC assay
The reagent solutions used in this assay were prepared,

anlauﬂlc;glera(gi Sharg;r:gjdz-;léhy(/gg)’;l,éllz-r(J:hthlallalz T idl(ggd stored and employed as it was already published for the CL

II) were obtained from Boehringer Mannheim (Germany). ?nt|OX|dantslaslsa[ly\2;|21l._ Dlurlng routine analde|s thetpallbra—
Hydrogen Peroxide 30% was from Merck (Milan, Italy). on curve, 1-1QuM Trolox, was measured one time per

Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic week and_any time when the stable reagents (luminol and
acid, pure >98%), was from Fluka (Milan, Italy). All other HRP solutions) were newly prepared. Otherwise, at each ex-

reagents and compounds were of analytical-grade. Al solu- perimental session was measured only one standard concen-

tions were prepared with pyrogen-free reagent-grade Water:rat'oln tTatt, Coumpsre?i V\rllltfh tTer"Ca:‘I?rza“'orR CCl;l/rVIe, Wa\fv Esﬁd
using a Milli-Q system (Millipore, Milan, Italy). 0 calcuiate a “correction tactor- ot the aues. c

this value was lower than 0.8 or higher than 1.2 a new cali-
22 Instrumentation bration curve was prepared.

2.4.1. Procedure

Twenty microliter of the peroxidase solution were added
200wl of CLM. The parameter that allowed to calculate
the TAC values was the time elapsed between the sample
addition (10ul) and the return to a light emission 30% of
the maximum reached prior to the addition ($€g. 1b).
This time interval is correlated to the sample content of
chain-breaking antioxidants. The antioxidant capacity was
expressed, fitting the times obtained on the calibration curve,
asuM of Trolox.

An LKB-Wallac 1250 luminometer (Turku, Finland) was
used for the manual assay. The signal, expressed as mV, wa§o
displayed on paper by means of an LKB 2210 potentiometric
recorder.

A Luminoscan Ascent Iluminometer (Labsystems,
Helsinki, Finland) was used to perform the automated as-
says. The data were recorded by computer employing the
Ascent software for kinetics measurements. The 96-wells
black microplates employed in the automated assay were
from Thermo Labsystems, Helsinki, Finland.

2.3. Samples 2.5. The automated assay

o Red (Sangiovese, Novello di Sangiovese) and white The reagent solutions were the same than in the manual
(Trebbiano, Chardonnay) wines were supplied by Coop- assay. The range of standard concentrations was different,
erativa Le Rocche Malatestiane (Rimini, Italy). The red 5-33.4uM, when the routine procedure, i.e. simultaneous
wines Montepulciano d’Abruzzo, Merlot, Schioppettino assay of several samples, was followed because of the lower
and Clinto were obtained from local producers. detection limit of this procedure. The correction factor was

Red wine samples were diluted 1:1000 and 1:1500, used also in this procedure to calculate the antioxidant ac-
white wines 1:100 and 1:300, in 0.1 M potassium phos- tivity of the samples.
phate buffer pH 7.4 and stored in the dark for about 10 min
before analysis. 2.5.1. Procedure

e Honey samples from different floral sources: acacia, this- In each well of the microplate were manually injected:
tle, basswood, citrus fruits, honeydew, sunflower, eucalyp- 10l of the sample or standard solution and@®f HRP
tus, fir and chestnut were supplied by Istituto Nazionale solution. The reaction started when 300of CLM were
di Apicoltura, Bologna, Italy. The honey samples were injected automatically in each well. In this case, as shown
diluted 0.1 or 0.01gmit in 0.1 M potassium phosphate in Fig. 1a, the scavenger molecules present in the sample
buffer pH 7.4. inhibit the peak appearance and it is the delay to reach the
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Fig. 1. Kinetics of the light emission in the automated (a) and manual (b) CL asshig.lia(1) indicates the blank light emission and (2) the kinetics

when a sample is added. The delay in the appearance of the maximum is the parameter taken into account to calculate theggTAE(1pand (2)

mean the same: A indicates the sample addition, B the time required to reach the 30% (C) of the previous maximum of emission. B is the parameter
take into account in this case.

maximum light emission to be correlated to the antioxidants can be that found in the different mixing sequences that can
content. influence the extremely complex and till now fairly under-
The following criteria: inaccuracy, imprecision (repete- stood mechanism of the luminol-HRP reaction.
ability and reproducibility), sensitivity, time required for the The data concerning the analytical quality of the two as-
analysis and detection limit were used to compare the qual-says were collected working with standard solutions and as-
ity of the analytical results. Statistical comparison of the two suming as detection limit LM of Trolox in both cases. The
sets of data was performed using thest[34]. imprecision of the measurements, i.e. repeatability and re-
producibility, was determined calculating the coefficient of
variation of repeated determinations on the same sample in
3. Results and discussion an experimental session and in subsequent days. The assays
were also performed by different operators in the labora-
The chemiluminescent reaction on which both methods tory. To value the inaccuracy of the methods recovery values
were based involved the horseradish peroxidase catalysedvere determined. lifable 1the mean values of the param-
oxidation of luminol by hydrogen peroxide, the light out- eters determining the analytical quality of the two methods
put was due to the production of free radical intermediates are summarised.
and the compounds affecting the emission belonged to the The manual assay gave CV values in the range 6-15%
chain-breaking antioxidan{27,28]. Although the reagents  concerning repeatability and in the range 13.9-19.6% con-
were the same in both methods, two completely different cerning reproducibility. In the automated assay the ranges
kinetics of the light emission were recorded, as shown in were 10-14% and 13.9-18.8%, respectively. It is possible
Fig. 1. A possible explanation of this experimental finding to affirm that the imprecision is the same in both methods.
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Table 1 that several samples were measured in the same microplate
, with standard solutions, the detection limit was onlyMN.
Analytical parameters Manual Automated . ] . L e
method method This was due to the time required for the automatic injection
Inaccuracy (%) 13.7 101 of Fhe QLM, that did not allow to repord the very short inhi-
Recovery (%) 97 96 bition time of the lower concentrations. To be detectable the
Repeatability (%) 4.2 31 sample must give an inhibition time longer than 10s (three
Reproducibility (‘?) 16.7 16.3 times the background value).
Sensitivity (WMs=) . 61.5 716 Taking into account the costs concerning the two methods,
Time per sample (triplicate) (min) 43 13 h . f th t ted inst tis th ti t
Detection fimit (1M Trolox) 1 5 the price of the automated instrument is three times greater
Cost per sample (eurocents) 0.25 0.12 that for the manual one, whereas the cost per sample is
Instrument cost (euro) ~5000 ~15000 double in the manual assay.

3.1. Analysis of honey samples

The recovery values were similar in the manual and auto-
mated assay, 90-118 and 90-111%, respectively, though the The analysis of these samples gave the data reported in
latter assay included one automated injection, that shouldFig. 2and looking to theP-values it was possible to confirm
have reduced the manipulation errors. the equivalence of the two assays.

The sensitivity of the two assays, determined as the The data concerning two samples, fir and chestnut honey,
slope of the calibration curves prepared and measuredwere not reported iffig. 2 because of their extremely high
in different days, indicated that the automated assay hadvalues. These were dark colour honeys and they showed
slightly better sensitivity. The slope values were in the range TAC values corresponding to 8.2 and @.BI of Trolox, re-
50.8-73.4«Ms~! for the manual assay and in the range spectively. These data confirmed the correlation of the an-
51.1-96.uM s~ for the automated one. tioxidant capacity of honeys to their colo[ir3].

A very important difference between the two procedures
concerned the time required for the analysis of each sample.3.2. Dietary supplements
In the manual assay the time required to obtain a single
kinetics curve was about 12—14 min. Since each sample was The data reported ifig. 3 showed that the two methods
measured as triplicate, the data concerning a single samplegave similar TAC values for the tested dietary supplements,
were collected in about 43 min. The measurement of the distributed in a very wide range (1-2@M of Trolox). The
three wells concerning a sample could be obtained, in the P-values, higher than usual, obtained for these samples could
automated instrument, within 13 min since they were done be ascribed to the complex composition of these prepara-
simultaneously. tions, that are mainly a mixture of natural products, fruits

The detection limit of the automated assay can be dif- and vegetables extracts, and a variable combination of vi-
ferent according to the number of wells interested in the tamins and minerals. At least some of these components
measurement. When only few standard concentrations werecan have a different influence on the luminol-HRP reac-
measured the detection limit was the samgM, in both tion, that follows probably different pathways in the two
cases. When a routine procedure was employed, i.e. in casenethods.
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Fig. 2. TAC of honey samples determined by automated (white) and by manual (hatched) CL assay.
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Fig. 3. Automated (white) and manual (hatched) determination of the TAC values of dietary supplements.
3.3. Red and white wines gen that reacted with some, extremely sensitive, antioxidant

compounds.

Especially for red wines the time elapsed between the Sangiovese Novello, red wine that undergoes a particu-
opening of the bottle and the assay is very important. In lar wine-making procedure including carbonic maceration
fact, values obtained from the specimens measured in theand a shorter fermentation time, showed low TAC values
same day of the opening were notably higher than values (about 6 mM11). This result was expected because the total
obtained even one day later. Although the decrease in the ancontent of polyphenols, to which the TAC is usually corre-
tioxidant capacity was significant the first day, in the range lated, depends not only on the type of cultivar, but also on
40-70%, the values remained quite stable even 2 weeks laterthe vinification techniques and the storage conditif2&3.
This behaviour was probably to ascribe to the effect of oxy- Very low values, in the range 1.5-2 mMY, were found for
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Fig. 4. TAC of red and white wines determined by automated (white) and manual (hatched) CL assay.
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white wines, as it was expected according to their antioxi-
dant compounds content (Fig. 4).

The obtained data allowed us to conclude that the auto-
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[12] S. Frenkel, G.F. Robinson, M.R. Berenbaum, J. Apic. Res. 37 (1998)
27.

[13] D.D. Schramm, M. Karim, H.R. Schrader, R.R. Holt, M. Cardetti,
C.L. Kleen, J. Agric. Food Chem. 51 (2003) 1732.

mated luminescent method showed the same analytical req14 r.L. prior, G. Cao, Free Rad. Biol. Med. 27 (1999) 1173-1181.
liability of the manual assay, together with the advantages [15] M. Antolovich, P.D. Prenzler, E. Patsalides, S. McDonald, K. Ro-

of shorter time of measurement and lower costs. However,

the most important improvement offered by this method
concerns the kinetics data of light emission, that are col-

lected and processed automatically, avoiding the long time
required to calculate the kinetics parameters of interest on
paper records and the inevitable errors due to the personal

interpretation of the graphs. The possibility to analyse sev-
eral samples in a relatively short time allows to generate
easily significant estimates of the analytical precision.
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