
Spectroscopy Application Note 2.24

Determination of ORAC, Total Anthocyanins, Total Phenolics   and   
Total Peroxidases in Fruits

Minimum Recommended Cecil Instrument/s:-

Cecil CE 9500 spectrophotometer with fluorescence accessory, silica stoppered fluorescence 
cells, water thermostatted cell holder and Ilford 404 band pass filter.

Introduction:-

The ORAC, (Oxygen Radical Absorbance Capacity) is a method of measuring antioxidant 
capacities in biological samples, in vitro.

Phenolic food compounds (also known as aromatic food compounds) occur naturally in all 
plants.  They bring colour and flavour to plants and help to prevent premature decomposition.

Anthocyanins are water soluble plant pigments, which are red/purple/blue in colour, they 
belong to the flavonoid group of compounds.

Peroxidases are considered the most heat stable enzymes in plants

Method details:-

ORAC

This is a kinetic reaction measured by fluorescence.  A decrease in fluorescence is measured in 
the presence of 2,2'-azobis(2-amidinopropane) dihydrochloride, the reaction curve of the 
fluorescence decay is used to determine the antioxidant capacity of the added sample.

Homogenise 3 g of fruit tissue in 25 ml of methanol.  Store the homogenate at 4 °C for 12 
hours.  Centrifuge at 15,000 rpm at 4 °C for 20 min.  Store the supernatant at –20 °C until the 
analysis.
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Take the precipitate of the above methanol extraction and homogenise in 20 ml of 
dichloromethane.  Centrifuge at 15,000 rpm at 4 °C for 20 min.  Store the supernatant at –20 
°C until the analysis.

Combine equal aliquots of each of the above extracts together, add cold phosphate buffer pH 
7.4.  Mix well and quickly.

6-Hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox) is used as a control standard.  Make 
up concentrations from 0 to 50 M of Trolox.

Set the circulating water bath to 37 °C.  Set the excitation wavelength of the CE 9500 to 485 
nm, use an emission filter of 520 nm (such as Ilford 404 band pass filter).

Into a stoppered fluorescence cell, add an aliquot of Fluorescein solution.  Add an aliquot of  2, 
2’-azobis (2-amidino-propane) dihydrochloride.  Add an aliquot of the fruit extract.  Stopper the 
cell, invert the cell a few times and place in the CE 9500 spectrophotometer.

Measure the decrease in fluorescence, over a thirty minute time interval, in two minute steps.

All fluorescence measurements are then expressed relative to the initial reading.

Final results are calculated using the differences of areas under the decay curves between the 
blank and a sample and are expressed as micromoles of Trolox equivalents (TE) per
gram of fresh mass.

Phenols

Extraction of total hydrophilic phenolics

Homogenise 3 g of fruit tissue in 25 ml of methanol.  Store the homogenate at 4 °C for 12 
hours.  Centrifuge at 15,000 rpm at 4 °C for 20 min.  Store the supernatant at –20 °C until the 
analysis.

Extraction of total lipophilic phenolics

Take the precipitate of the above methanol extraction and homogenise in 20 ml of 
dichloromethane. Centrifuge at 15,000 rpm at 4 °C for 20 min.  Store the supernatant at –20 °C 
until the analysis.

Add 150 µL of each extract, to 2.4 mL of water, and 150 µL of 0.25 N Folin–Ciocalteu reagent. 
Use a vortex mixer to mix well, leave for three minutes.   Add 300 µL of 1N sodium carbonate 
solution and use a vortex mixer to mix well.

Incubate at room temperature in the dark for 2 hours.  Measure the Absorbance at 725 nm.
Express the results in gallic acid equivalents (GAE; mg/100 g fresh mass) using a gallic acid
(0–0.1 mg/mL) standard curve. 
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Total Anthocyanins

Add 10 g of fruit tissue to 10 mL of 4% acetic acid/acetonitrile.  Homogenise for 2 minutes. 
Pour out the homogenate.

Use 5 mL of 4% acetic acid/acetonitrile to wash the blender.  Add the washings to the 
homogenate.  Leave at room temperature, for one hour, shake every 5 minutes.

Centrifuge the combined homogenate at 5000 rpm for 15 min at 4 °C.  Collect this supernatant.

Wash the precipitate with 10 ml of 4% acetic acid/acetonitrile and centrifuge.  Add the resulting 
supernatant to the initial supernatant.  Repeat this wash process two times.

Dilute to 50 ml, aliquots of the supernatants in separate buffers of 0.025M potassium chloride 
pH 1.0 and 0.4M sodium acetate pH 4.5.

Measure the Absorbances at 520 and 700 nm in 10 mm path length cells.

Calculate the anthocyanin pigment concentration, expressed as cyanidin-3-glucoside 
equivalents, as follows:-

Where, A = (A 520nm – A 700nm) pH 1.0 – (A 520nm – A 700nm) pH 4.5.
MW is molecular weight = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu).
DF = The dilution factor.
l = pathlength in cm.
e = 26 900 molar extinction coefficient, in L ´ mol–1 ´ cm–1, for cyd-3-glu.
103 = factor for conversion from g to mg.

Note: In some cases, the predominant anthyocyanin in a material may be known and different 
from cyanidin-3-glucoside. It is critical that the wavelength, molecular weight, and absorptivity 
used be specified if results are not expressed as cyanidin-3 glucoside equivalents. 

Report results as monomeric anthocyanins, expressed as cyanidin-3-glucoside equivalents in 
mg/L.

Total Peroxidases

Homogenise 2 g of fruit tissue in 10 ml of 0.05 M phosphate buffer pH 7.0 and 0.2g insoluble
polyvinylpyrrolidone..  Centrifuge at 15,000 rpm at 4 °C for 20 min.  Store the supernatant at –
20 °C until the analysis
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Measure indirectly, by the increase in Absorbance of Guaiacol, by making up a 3 ml reaction 
mixture containing 25 µl enzyme extract, 2.73 ml 0.05 M phosphate buffer pH 7.0, 0.1 ml of 
1% hydrogen peroxide and 0.15 ml of 4% Guaiacol, in a stopped cell.  Gently invert to mix.

Read the Absorbance at 470 nm, over a 2 minute interval.

One unit of enzyme activity is defined as the amount of the enzyme which causes a change of 
0.001 in Absorbance per minute.

An alternative method involves indirect measurement, by the decomposition of hydrogen 
peroxide in the presence of o-dianisidine.  Read the Absorbance at 460 nm, over a 30 minute 
interval.

This note acts purely as a guide to the method.  Cecil Instruments Ltd take no responsibility for the outcome of any 

analysis.
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