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Direct spectrophotometric determination of chlorogenic acid
oxidase activity

Several methods have been described for the determination of polyphenol oxidase activity!,2.3.
Most of the methods are indirect and are applicable to different polyphenolic substrates including
chlorogenic acid. Since the absorption of chlorogenic acid at 326 myu decreases markedly upon
oxidation, chlorogenic acid oxidase activity may be conveniently assayed by measurement of
absorbance changes at this wave length.

The absorption spectrum of chlorogenic acid has been reported by SHIROYA ef 4.4 and HULMES,
but these workers present no evidence indicating the relative proportion of the oxidized to reduced
compound in their samples. The absorption spectrum of a 2.8+ 10=® M solution of chlorogenic acid
(prepared from a sample of ¢c.p. compound obtained from the Delta Chemical Company, New York,
N.Y.) was determined by use of a Beckman D. U. spectrophotometer and is presented in Fig. 1.
Evidence to be presented indicates that 93 9, of this sample is in the reduced form. The curve for
chlorogenic acid exhibits a peak at 326 myu and a trough with a minimum at 265 myu. The spectrum
of the product obtained from oxidation of chlorogenic acid also is presented in Fig. 1. For this
determination, sufficient purified tobacco-root extract (1) to cause an absorbance change of o0.z00/
min was added to the cuvette containing chlorogenic acid and buffer and also to the reference
cuvette containing buffer. When the decrease in absorbance at 326 myu ceased, the reaction was
considered complete and the spectrum of the product of chlorogenic acid oxidation was recorded.
The values were corrected for the dilution resulting from the addition of enzyme. It is apparent
from these determinations that the spectra recorded by HULME® and by SHIROYA ef al.4 are rep-
resentative of the reduced form of chlorogenic acid.
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The addition of about 1 mg ascorbic acid to 3 ml 2.8-10~% M ehlorogenic acid resulted in a
3.5% increase in optical density, but ascorbate and buffer failed to increase the optical density
at this wave length. The molar absorptivity (extinction coefficient) of the reduced chlorogenic acid
solution after ascorbate addition was calculated to be 2.04-10%. This may be compared with the
value of 1.97'10* at 326 my reported by HULMES. A molar absorptivity of 1.04-10% at 326 mu
was calculated for the product of chlorogenic acid oxidation, assuming that the concentration of
the product at equilibrium was 2.8+ 10~% M. The difference in molar absorptivities of the oxidized
and reduced compounds is 1-10%. By use of these values, it was concluded that the 2.8-10—% M
solution of the c.p. chlorogenic acid in 0.1 M potassium phosphate buffer contained 7% of an
oxidized form that could be reduced upon the addition of ascorbate.

A reaction mixture containing chlorogenic acid and tobacco-root extract (identical with that
described for the oxidized product of Fig. 1) turned brown in color as the reaction proceeded. As
indicated by the data plotted in Fig. 2, the addition of ascorbic acid to the reaction mixture 4 min
after the reaction was initiated resulted in an increased optical density at 326 mu. Undoubtedly
the increase was caused by the reduction of the oxidized product formed from the oxidation of
chlorogenic acid. Also as shown in Fig. 2, the chlorogenic acid formed from the ascorbate reduction
was further oxidized in the presence of the extract. When the chlorogenic acid was allowed to reach
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equilibrium and stand an appreciable period of time thereafter (approximately 3 min) the brown
color failed to disappear upon the addition of ascorbic acid. Apparently this is due to the poly-
merization of the oxidized product which prevents reversal of the oxidation.
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Fig. 2. Reversal of the enzymic oxidation of TFig. 3. Proportionality of enzyme activity
chlorogenic acid by ascorbic acid. The reaction = with enzyme concentration. The assay pro-
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the determination of the spectrum of the oxi- variation in concentration of enzyme as indi-
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The assdy of the oxidase activity is carried out in a silica cuvette of 1.2-ml volume. The reac-
tion mixture contains 0.1 M potassium phosphate buffer, pH 7.0; 5.7-107% M chlorogenic acid;
and 10~% M ethylenediaminetetraacetate. The reaction is initiated by the addition of sufficient
enzyme to cause a decrease of absorbance of approximately 0.020 in 15 sec. The absorbance is
recorded at each 15-sec interval for. 75 sec. One unit of activity is defined as that amount causing
an absorbance change of o.001 for the interval between 15 and 75 sec after the reaction was
initiated. Since a small fraction of the substrate is utilized at this rate of oxidation, the reaction
appears to be linear with time. As shown in Fig. 3 the initial enzyme activity is proportional to
the enzyme concentration throughout a relatively broad range. It has been demonstrated that
the reaction is dependent upon oxygen.
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