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Goal

This application note describes a method to measure the ORAC
of different food and beverage samples with a fluorometric
assay using the Thermo ScientificTM VarioskanTM LUX multimode
microplate reader. Microplate reader handling and data
analysis was controlled by the Thermo ScientificTM SkanItTM
software. We show that with the Varioskan LUX reader,
determination of the antioxidant capacity of samples is very
fast, sensitive and accurate.

Introduction

Metabolism in living cells generates reactive oxygen
species (ROS) as natural byproducts that have important
roles in cell signaling and homeostasis. However, in excess
levels, ROS may cause damage to cell structures and
chronic inflammation called oxidative stress. Oxidative
stress is shown to play a significant role in aging and many
diseases, including cancer, stroke, heart disease
and neurodegenerative diseases.
Antioxidants inhibit the oxidation of other molecules
and thus prevent cell damage caused by free radicals.
Therefore, antioxidants are believed to promote health
and are widely used as dietary supplements. In addition,
they are used as food preservatives, including natural

Figure 1: Thermo Scientific Varioskan LUX multimode microplate reader.

antioxidants such as ascorbic acid (AA, E300) and
synthetic antioxidants such as propyl gallate (PG, E310),
to keep guard against deteriorations of food exposed to
oxygen or light. Antioxidant preservatives are also added
to fat-based cosmetics, such as lipstick and moisturizers,
to prevent rancidity of unsaturated fats.
ORAC is considered to be the industry standard for
expressing antioxidant strength of foods, beverages and
food additives. The assay is based on the measurement
of free radical damage to a fluorescent probe (fluorescein)
that results in fluorescent signal loss over time.
The free radical damage is induced by ROS, generated

in the assay during thermal decomposition of 2,2’-azobis
(2-methylpropionamidine) dihydrochloride (AAPH). The
presence of antioxidants in the samples inhibits the free
radical damage to the fluorescent compound, which is
observed as the more stable fluorescence signal. Trolox,
a water-soluble analogue of vitamin E, is widely used as a
standard to which the investigated antioxidant compounds
are compared. The antioxidant capacity of the investigated
samples is typically expressed as Trolox equivalents (TE).1
This application note describes the use of the Varioskan
LUX multimode microplate reader for determination
of ORAC of different food samples with a fluorometric
ORAC assay.

Materials and Methods
Instrument
• Thermo Scientific Varioskan LUX Multimode
Microplate Reader
Microwell Plates
• Thermo Scientific™ Nunc™ F96 MicroWell™ Black
Polystyrene Plate (Thermo Scientific 237108)
Pipettes
• Reagents and samples were pipetted with the Thermo
Scientific™ E1-ClipTip™ Electronic Equalizer 8-channel,
15–1250 μl pipette (#4672100), which features adjustable
tip spacing to transfer samples from tubes to plates2
Reagents
• Fluorescein sodium salt (Sigma-Aldrich F6377)

• 25 µl of Trolox standards
• 25 µl of appropriately diluted samples
• 150 µl of a 1µM Fluorescein solution was added to each well
The microplates containing fluorescein plus the respective
blank, standard or food sample were incubated for 30 minutes
at 37°C within the Varioskan LUX instrument before starting
the measurement. Fluorescence (Ex. 485 nm, Em. 518 nm)
was measured in a kinetic reaction every 30 seconds for 90
minutes. The first four cycles were taken to determine the
background signal. Then the oxidative reaction was triggered
by dispensing 25 µl of 50 mg/ml AAPH solution to the wells
by an onboard dispenser of the Varioskan LUX (Figure 1).
Dispensing speed was chosen as Medium High in order
to efficiently mix the reagents. Adding reagent through the
onboard reagent dispenser was practical, since the ROSgenerator AAPH displayed immediate activity after injection
and fluorescence decreased fast.

Data Analysis

The loss in fluorescence signal is expressed as the area under
the curve (AUC) of the kinetic plot of each standard and of
the samples. The AUC can be automatically calculated by
the Thermo Scientific SkanIt software (Figure 2). When the
AUC values are plotted against the Trolox concentrations, a
standard curve is fitted and used to interpolate the antioxidant
capacity of unknown samples.

• 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox) (Sigma-Aldrich 238813)
• 2,2’-azobis(2-methylpropionamidine) dihydrochloride
(AAPH) (Sigma-Aldrich 440914)
• Phosphate buffer (10 mM, pH 7.4)
• Food samples to be tested

Test Setup

Different dilutions for Trolox (200 µM–3.1 µM) and food
samples were prepared in phosphate buffer, immediately
prior to the measurement. The tested food samples were
commercial orange and blueberry juices diluted 1:100 in
the assay buffer. The following reactions were pipetted on
a test plate, each in triplicate:
• 25 µl of phosphate buffer as blank

Figure 2: SkanIt software measurement protocol and
calculation steps for determining the Trolox equivalents.

The calculated concentrations of unknowns, expressed
as concentration of Trolox (mmol*L-1), are called Trolox
equivalents (TE). All these calculations could be
completed directly in the SkanIt software.

regulatory agencies.4,5 Nevertheless, the ORAC assay is easy
to perform, inexpensive and highly reproducible. Therefore
it remains a valuable research method for evaluating total
antioxidant activity of many different biological samples.6

Results and Discussion

Signal curves of the Trolox standards and food samples are
shown in Figure 3. AAPH was dispensed to the reactions
after four cycles, which lead to a loss in fluorescence signal
inversely proportional to the antioxidant power of the sample.
Calculated TE for the orange juice and blueberry juice were
125,5 and 51,8 µmol*L-1 respectively (Figure 4). It means
that the antioxidant power of these beverages is equal to
that of 125,5 µM or 51,8 µM Trolox.
The data demonstrate the ability of the Varioskan LUX
multimode reader to perform the ORAC assay and measure
antioxidant activity of samples. Sample replicates showed
highly reproducible responses. Since the ORAC assay
is very sensitive to slight temperature changes, it is
important that the incubator of the Varioskan LUX controls
the reaction temperature in the measurement chamber
with superior uniformity. The onboard dispenser of the
instrument in turn allows controlled addition of reagents to
the wells. The built-in calculations of the SkanIt software
provide versatile tools for analyzing kinetic data.
The ORAC method estimates the “total antioxidant
activity” of a sample in vitro, and care must be taken when
interpreting the results. The units and composition of
samples being compared should be similar (e.g. fresh, dry
or frozen wet weight of food) and typically applied quantity
of the investigated product should be considered (spices
vs. intact whole foods). Undiluted heterogeneous food or
beverage samples often contain inhibitors that disturb the
assay, therefore test of dilution series of such samples is
always recommended.
Of note, beneficial physiological effects of foods with
“high antioxidant activity” have recently been questioned,
and publication of ORAC values for common foods have
been withdrawn by The United States Department of
Agriculture.3 Also, use of ORAC values to promote food
and dietary supplement products is discouraged by

Figure 3: Signal curves (relative fluorescent units) of Trolox standards
and beverage samples after adding the ROS-generator AAPH. Curves
refer to average of triplicate samples.

Figure 4: Standard curve, created in SkanIt software, shows a
calculation of the Trolox equivalent of food samples. Red squares
are Trolox standards, and grey circles are orange and blueberry
juices. Signal is AUC calculated from triplicate fluorescence curves.

Conclusions

By using the Varioskan LUX instrument, we were able to
measure the total antioxidant capacities of different food
samples with the popular ORAC method. The Varioskan
LUX multimode reader in combination with the SkanIt
software provides a range of benefits for this type of
biochemical measurements, including:
• Simple protocol setup via the intuitive interface of the
SkanIt software
• Onboard reagent dispenser for easy and accurate reagent
addition for reaction triggering at any stage of the experiment
• Real-time kinetic curves shown during the measurement
• Easy kinetic data reduction, e.g. average of kinetic data and
calculation of the net area under the curve (AUC) in the
SkanIt software
• Automatic standard curve plotting and calculating of the
concentration (TE) of unknown samples
References
1. O
 u, B.; Hampsch-Woodill, M.; Prior, R. L. Development and validation of an improved oxygen radical absorbance
capacity assay using fluorescein as the fluorescent probe. J. Agric. Food Chem. 2001, 49, 4619-4626.
2. Brochure: ClipTip Pipetting Systems Brochure
3. “Withdrawn: Oxygen Radical Absorbance Capacity (ORAC) of Selected Foods, Release 2 (2010).” United States
Department of Agriculture, Agricultural Research Service. 16 May 2012. Retrieved 03 May 2016.
4. Guidance for Industry, Food Labeling; Nutrient Content Claims; Definition for “High Potency” and Definition
for “Antioxidant” for Use in Nutrient Content Claims for Dietary Supplements and Conventional Foods U.S.
Department of Health and Human Services, Food and Drug Administration, Center for Food Safety and
Applied Nutrition, June 2008.

Figure 5: E1-ClipTip™ Electronic Equalizer 8-channel pipette.

5. EFSA Panel on Dietetic Products, Nutrition and Allergies (2010). “Scientific Opinion on the substantiation of health
claims related to various food(s)/food constituent(s) and protection of cells from premature aging, antioxidant
activity, antioxidant content and antioxidant properties, and protection of DNA, proteins and lipids from oxidative
damage pursuant to Article 13(1) of Regulation (EC) No 1924/20061.” EFSA Journal 8 (2): 1489. doi:10.2903/j.
efsa.2010.1489 (inactive 2015-01-14).
6. Joseph A. Price, Charles G. Sanny, Dennis Shevlin. 2006. Application of manual assessment of oxygen radical
absorbent capacity (ORAC) for use in high throughput assay of ‘‘total’’ antioxidant activity of drugs and natural
products. Journal of Pharmacological and Toxicological Methods 54 (2006) 56 – 61.

North America:
USA/Canada +1 800 625 4327
Europe:
Austria +43 1 801 40 0
Belgium +32 2 482 30 30
France +33 2 28 03 20 00
Germany National Toll Free 08001-536 376

Germany International +49 6184 90 6940
Italy +39 02 95059 1
Netherlands +31 76 571 4440
Nordic/Baltic/CIS countries +358 10 329 2200
Russia +7 (812) 703 42 15
Spain/Portugal +34 93 223 3154
Switzerland +41 44 454 12 12
UK/Ireland +44 870 609 9203

Asia:
India +91 22 5542 9494
Japan +81 45 453 9220
China +86 21 6865 4588 or +86 10 5850 3588
Other Asian countries +852 2885 4613
Countries not listed: +49 6184 90 6940
or +33 2 28 03 20 00

Find out more at thermofisher.com/varioskanlux
For Research Use Only. Not for use in diagnostic procedures. © 2016 Thermo Fisher Scientific Inc. All rights
reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified.
AN_VarioskanLUX_ORAC_0916
1560010 01

