Study of the behavior of several phenolic compounds with 3D front-face fluorescence spectroscopy using Independent Component Analysis

Phenolic compounds are known as antioxidants and are beneficial for our health. A lot of polyphenols have been described in foods and beverages. Food matrices are generally very complex systems. Fluorescence spectroscopy is of increasing importance in food analysis.

). The objective of this work is to acquire 3D fluorescence spectra of a range of phenolic compounds (particularly those found in wine) under different conditions (solvent, pH…) to build a data basis of spectra and to better understand their behavior.

More precisely, we examined the influence of different values of pH on some phenolic compounds known in wine samples (1, 2, 3).

Four concentrations (25, 50, 100 and 200 mg/l ) were chosen individually and in mixtures in ethanol and in 13% ethanol in water (a wine-like matrix) with different pH (4, 7 and 9). Due to differences in their molecular structure, phenolic compounds behave differently as a function of pH.

Materials and methods
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Phenolic acids stilbens

Catechin Quercetin t-resveratrol

Introduction

Gallic acid

In wine, many phenolic compounds are to be found in different quantities, most of them are aromatic and are naturally fluorescent. Among a lot of phenolic compounds , four of them belonging to different groups are chosen. 

Gallic acid

Catechin Catechin

T-resveratrol

To understand the behavior of phenolic compounds, we used ICA (Independant Component Analysis) to extract « pure signals ».

To get the maximum of information, we treated the data in two ways : each polyphenol separately and each pH separately. For each polyphenol (36 samples) ; 8 mixtures and four pure polyphenols at different concentrations for the 3 pHs (4, 7, 9). For each pH (24 samples). The order is mixture (8) , Gallic acid (4), Catechin(4) ,Quercetin (4) and t-Resveratrol (4). Each Independant Component has a signal (fluorescence spectra), a proportion of the signal ('scores') which should be related to the concentration of a polyphenol. For each polyphenol, we extract its true signal and others signals from mixture samples.

For resveratrol, we can observe peaks for the two forms : trans and cis .

At pH 4 (pH close to that of wine), we observe catechin and resveratrol but neither gallic acid nor quercetin.

At pH 7, the signal of catechin is intense. We can characterize this polyphenol at this pH. We also just observe t-resveratrol.

At pH 9, we see above all gallic acid and quercetin in raw spectras. But using ICA we extract all 4 polyphenols.

Gallic acid ?

At pH 4 and 7, gallic acid fluoresces much less than catechin and t-resveratrol. ICA cannot extract the signals. At pH 9, we obtain 4 Ics, one for each polyphenol, even in cases where we do not observe a signal in the raw spectra. The ICA treatment for each polyphenol shows at which pH it can be studied by fluorescence spectroscopy.

The next step of the study is to compare with real wines, in particular with standard addition method. 

Conclusion

4 Quercetin

 4 3D front-face fluorescence spectra ( ex=240-500 nm, step=3nm; em=211-620nm, step=3.18nm Integration time : from 0.1s to 0.8s Aqualog spectrometer (Horiba Scientific, Jobin-Yvon) Matlab ICA Mixture 200 mg/l (50mg/l each polyphenol) 13 % ethanol in water pH9 Results and discussion Mixture 200 mg/l (50mg/l each polyphenol) in 13% ethanol in water pH7 Mixture 200 mg/l (50mg/l each polyphenol) in 13% ethanol in water pHResults show that the chosen phenolic compounds fluoresce differently as a function of pH. Spectra of the mixtures in integration time 0.2s are showed below .
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