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An amperometric sensory approach based on boron-doped diamond (BDD) electrodes decorated with transition metals nano-catalysts was assessed for coffee discrimination in real samples. Thus, a bare BDD electrode along with four BDD electrodes modified respectively with Platinum/Iridium (PtIr), Platinum/Gold (PtAu), Gold/Ruthenium (AuRu) and Ruthenium (Ru) were investigated altogether in a broadly selective electrode array configuration to detect electro-active species in coffee samples. The transition metal nanoparticles were deposited onto BDD by sputtering thin metal layers onto polycrystalline BDD by a physical vapor deposition method, followed by a heat treatment at 700 °C under oxygen-free atmosphere. Such as process led to stable populations of strongly adherent nanosized metal particles over BDD surfaces as characterized by scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), and cyclic voltammetry. Chemometric analysis was adopted to examine the relevant parameters of the amperometric detection for classifying four coffee capsule samples.

Introduction

Coffee is one of the most widely consumed beverage in the world due to its unique aroma, taste, and stimulating effects of caffeine. Hence, the large consumption of coffee makes it one of the most important and valuable commodities, and therefore improving its taste is of great interest to the food industry. Depending on the production and packaging process used, the overall quality and chemical composition of coffee bean may vary considerably [START_REF] Illy | Espresso coffee: the science of quality[END_REF]. Usually, correlating coffee quality and taste with chemical composition is carried out using expensive laboratory analytical tools such as optical spectroscopy [START_REF] Wang | Fourier Transform Infrared and Physicochemical Analyses of Roasted Coffee[END_REF] and gas chromatography [START_REF] Bicchi | Characterization of Roasted Coffee and Coffee Beverages by Solid Phase Microextraction -Gas Chromatography and Principal Component Analysis[END_REF].

However, some studies have also shown that, in the vapor phase, chemical sensors present a promising way of evaluation and discrimination of coffee samples [START_REF] Gardner | Application of an electronic nose to the discrimination of coffees[END_REF][START_REF] Pardo | Data preprocessing enhances the classification of different brands of Espresso coffee with an electronic nose[END_REF][START_REF] Loutfi | Electronic noses for food quality: A review[END_REF]. Beside, in liquid samples, multi-sensor systems based on similar principles as the human taste system and often known as "electronic tongues" have been reported too [START_REF] Mendez | Electronic Noses and Tongues in Food Scinece[END_REF]. Alike their e-noses counterparts, they rely on a combination of broadly selective chemical sensors and machine learning to classify chemical mixtures. Such approach offers some advantages for taste qualification over gas sensor measurements since, in liquid phase analysis, the matrix is directly sampled by the sensors in contrast with headspace analysis, which relies on the partition coefficients of the dissolved analytes to obtain a more accurate assessment of the nature of the sample. Sensors used in e-tongues for coffee sample discrimination can use several measurement principles using either gravimetric, optical, or electrochemical transduction mechanisms. The electrochemical methods including potentiometry, amperometry, voltammetry, and impedimetry are the most widely employed detection methods in e-tongues because of their specificity, high sensitivity, rapid responses, simplicity of use and reliability [START_REF] Del Valle | Electronic Tongues Employing Electrochemical Sensors[END_REF]. Few studies have actually investigated the organoleptic features of liquid coffee samples using sensor arrays featuring broad selectivity. For example in 1996, K. Toko showed for the first time that the use of lipid/polymer membranes potentiometric multi-sensor arrays could discriminate between 10 coffees from different origins [START_REF] Toko | Taste sensor with global selectivity[END_REF]. In the work of Várvölgyi et al. [START_REF] Várvölgyi | Application of Sensory Assessment , Electronic Tongue and GC -MS to Characterize Coffee Samples[END_REF], a commercial device developed by Alpha MOS (Alpha ASTREE II) was evaluated to distinguish pure origin Robusta and blended Robusta coffee samples with barley. The results of e-tongue measurement based on ISFET (Ion Sensitive-Field Effect Transistor) potentiometric transducers showed that the system was efficient in discriminating pure and blended coffees in particular for high barley contents. The same instrument was also used in combination with an electronic nose to characterize Robusta cultivars with different roasting degrees and improve the level of classification [START_REF] Dong | Differentiation of Chinese robusta coffees according to species, using a combined electronic nose and tongue, with the aid of chemometrics[END_REF]. More recently, an amperometric e-tongue based on a gold wire and graphite rod worker electrodes was also used for coffee discrimination [START_REF] Lopetcharat | Relationship between overall difference decision and electronic tongue: Discrimination of civet coffee[END_REF]. This approach, relying on cyclic voltammetric measurements with only two worker electrodes, showed that the measurement of electroactive species in coffee samples could be used quite efficiently for coffee analysis, as demonstrated by correlating the electrochemical responses with consumer's perception. A similar study was also reported using this time a single carbon paste electrode and a square wave voltammetry procedure combined with chemometrics to detect adulteration in ground roasted coffee [START_REF] De Morais | A simple voltammetric electronic tongue for the analysis of coffee adulterations[END_REF]. Again this approach was found to be very promising, though in these two latter cases, manual cleaning or polishing of the electrodes surface was necessarymost probably due to fouling of the worker electrodes after each measurement -since reproducibility and repeatability of the sensors response is crucial in such analytical systems based on multisensory approach and chemometrics analysis.

In this context, conductive Boron Doped Diamond (BDD) electrodes in amperometric detection systems may offer major advantages over other electrode materials. In particular the wide potential window of BDD in aqueous media (>3V) potentially allows addressing a larger number of redox analytes than with other conventional electrode materials with lower water dissociation potentials [START_REF] Fujishima | Diamond Electrochemistry[END_REF]. Additionally such electrodes feature intrinsically low capacitive currents, thus enabling high S/N ratio analytical measurements, along with high chemical stability in harsh environments and at high voltage/current densities [START_REF] Yang | Novel Aspects of Diamond From Growth to Applications[END_REF][START_REF] Sussmann | CVD Diamond for Electronic Devices and Sensors[END_REF]. Moreover, BDD electrodes are fairly resilient to fouling, and they can be reactivated electrochemically to overcome the issue of electrode contamination in the analytical medium [START_REF] Kiran | Quasi-Real Time Quantification of Uric Acid in Urine Using Boron Doped Diamond Microelectrode with in Situ Cleaning[END_REF][START_REF] Duran | Electrochemical activation of diamond microelectrodes: Implications for the in vitro measurement of serotonin in the bowel[END_REF][START_REF] Belghiti | Simultaneous detection of indole and 3-methylindole using boron-doped diamond electrodes[END_REF]. Although BDD exhibits a relatively poor surface catalytic behavior, which limit to some extend the chemicals that can be oxidized or reduced at such electrode material's surface, this issue has been addressed by several groups by depositing transition metal nanoparticles over the electrode surface in order to bring some enhanced catalytic behavior [START_REF] Roustom | Preparation of gold nanoparticles by heat treatment of sputter deposited gold on boron-doped diamond film electrode[END_REF][START_REF] Song | Electrochemical sensor based on Au nanoparticles decorated boron-doped diamond electrode using ferrocene-tagged aptamer for proton detection[END_REF][START_REF] Salimi | Boron doped diamond electrode modified with iridium oxide for amperometic detection of ultra trace amounts of arsenic(III)[END_REF][START_REF] Terashima | Electrodeposition of hydrous iridium oxide on conductive diamond electrodes for catalytic sensor applications[END_REF][START_REF] Macpherson | A practical guide to using boron doped diamond in electrochemical research in electrochemical research[END_REF].

In the present work, this approach was used in an attempt to tune the reactivity of BDD electrodes to various chemicals by immobilizing nanoparticles of varying metallic composition over the BDD surface. It is emphasize here that our main goal here is not to increase the reactivity and lower the detection limits of our system by adding transition metals over the electrodes surface but truly to broadly tune the sensitivity of each electrode in the array to create some chemical discrimination capability when used in e-tongue configuration. Metal nanostructures can be fabricated by various deposition methods using physical (sputtering techniques) [START_REF] Roustom | Preparation of gold nanoparticles by heat treatment of sputter deposited gold on boron-doped diamond film electrode[END_REF] chemical (colloidal) [START_REF] Saha | Gold Nanoparticles in Chemical and Biological Sensing[END_REF] as well as electrochemical deposition [START_REF] Song | Electrochemical sensor based on Au nanoparticles decorated boron-doped diamond electrode using ferrocene-tagged aptamer for proton detection[END_REF] procedures. Here a fast and convenient route to decorate BDD surfaces with Pt-Ir, Pt-Au, Au-Ru and Ru was used, consisting in sputtering thin layers of metal over the BDD electrode followed by dewetting in an oxygen free atmosphere at about 700 o C. Those electrodes were used in a sensor array configuration in order to assess the potential of this technology for coffee discrimination in real samples using a chronoamperometric method. The role and effect of electrochemical activation of the electrodes between measurements is also highlighted in this work.

Experimental

Chemicals

Potassium chloride (KCl) and lithium perchlorate (LiClO4) were purchased from Sigma-Aldrich, France. The supporting electrolyte solutions (0.1M LiClO4 and 0.5 M KCl) were prepared in ultra-pure deionized water from a Millipore DirectQ3-UV with a resistivity of 18.2 MΩ.cm.

Preparation of metal nanoparticle modified BDD electrodes

The BDD electrodes were grown on a highly doped <100> silicon substrate by Plasma Enhanced Chemical Vapor Deposition. Details of the preparation have been described elsewhere [START_REF] Vanhove | High reactivity and stability of diamond electrodes: The influence of the B-doping concentration[END_REF]. Next metal catalyst nanoparticles of either Ru, Ru-Au, Pt-Au and Pt-Ir were deposited onto the electrodes surface in a two-step method aiming at homogeneous size and density particles distribution of the nanoparticles as well as good adhesion over the BDD electrodes. The first step consisted in the sputtering of a ~ 3 nm thick layer of metal (bilayer in the case of metal alloys) by RF sputtering, in argon atmosphere (6.10 -3 mbar) at 40 W of RF power. Then the second step involved the formation of nuclei (dewetting) by annealing the samples at higher temperature under hydrogen plasma in a home-made cylindrical-shaped metal reactor exhibiting a plasma configuration close to that of the ASTeX PDS type reactors, at a pressure of 40 mbar and microwave power 900 W for 10 min. It is worth mentioning here that although the overall fabrication protocol involves several steps and the use of heavy equipment, it was optimized so that electrodes could be fabricated routinely on 4 inches wafers using fully compatible cleanroom processes in order to bring fabrication cost to an acceptable level when large volumes of electrodes are to be produced. At the end of the process, small nanoparticles of metal catalysts were observed under in-lens Field Emission Scanning Electron Microscope ZEISS Supra-40 over the diamond electrode surface.

XPS characterization of the BDD surfaces modified with metal nanoparticles were performed on a K Alpha spectrometer from Thermofisher, using a monochromated X-ray Source (Al Kα, 1486.6 eV). For all measurements a spot size of 400 µm was employed. The hemispherical analyzer was operated in CAE (Constant Analyzer Energy) mode, with pass energy of 200 eV and a step of 1 eV for the acquisition of surveys spectra, and pass energy of 50 eV and a step of 0.1 eV for the acquisition of high resolution spectrum.

Then the resulting electrodes were further characterized by cyclic voltammetry in 0.1 M LiClO4.

Coffee samples

Four different types of coffee samples packaged in aluminum capsules were used for the experiments. Three of them were from the L'OR Espresso brand: one coded as Black (intensity 12), one coded as Orange (intensity 5), and one coded as Blue (decaffeinated, intensity 6). The last sample was from the brand Café Royal and was "caramel" flavored. The coffee samples were all brewed by a Nespresso Magimix type coffee machine with tap water. This choice of coffee samples was motivated by the fact that coffee capsules of the selected brands are easily accessible. They represent to some extent "standardized" samples in the sense that each sample from the same color-coded capsule is stored in the same way, and is expected to feature homogeneity in coffee formulation from capsule to capsule, even when experiments are repeated over several months periods. Unfortunately, few information is provided by the suppliers regarding the composition of the coffee samples, other than it is Arabica coffee, and that the intensity code is linked directly to the degree of roasting.

Multi-sensors analysis

Electrochemical measurements were performed using a potentiostat Autolab PGSTAT30 equipped with the software NOVA. A three-electrode system was used to carry out the electrochemical studies using nano-catalyts/BDD as working electrodes (1 cm 2 ), a bare Pt mesh as counter electrode and a Pt wire as pseudo-reference electrode. The data used for classification analysis were recorded at room temperature by chronoamperometric method with the fix potential of + 0.9 V vs the pseudo-reference electrode applied to each working electrode and a sampling time of 0.3 s. For each type of coffee, 1 mL of freshly brewed coffee sample was added to 20 mL electrolyte solution under stirring conditions after recording the baseline in pure electrolyte solution for 90 s. For practical reasons (single channel potentiostat), this measurement was repeated for each coffee sample type successively with the 5 different electrodes, and then the data sets from each electrode were merged together for further data analysis. For each electrode and each coffee sample the measurements were repeated five times for statistical relevance, each time with freshly brewed samples (5 independent measurements).

Before each new recording, the electrodes were exposed to a train of short cathodic and anodic current pulses of current density +/-5 mA.cm -2 in order to clean fouled electrodes. This was demonstrated previously to be an efficient process to clean fouled diamond electrode in order to recover their reactivity following electrode surface contamination [START_REF] Kiran | Quasi-Real Time Quantification of Uric Acid in Urine Using Boron Doped Diamond Microelectrode with in Situ Cleaning[END_REF]. The efficiency of the cleaning process was checked by cyclic voltammetry before and after the process by recording cyclic voltammograms in 0.5 M KCl in the range 0-1 V/Pt at a scan rate of 50 mV.s -1 .

Results and Discussion

Electrodes characterization

The p-type semiconducting BDD electrodes exhibit relatively poor surface catalytic behavior compared to other carbon-based materials [START_REF] Holt | Redox properties of undoped 5 nm diamond nanoparticles[END_REF]. This is due to a reduced surface concentration of sp 2 carbon, and the surface chemistry of diamond itself. Indeed the latter being not favorable for adsorption of intermediates species involved in redox processes these processes require large overpotentials to proceed at high rates [START_REF] Fujishima | Diamond Electrochemistry[END_REF]. This also explains the large potential window of BDD electrodes in aqueous media. Thus in an attempt to tune the reactivity of the BDD electrodes towards a wider range of chemical compounds, transition metal nano-catalysts were deposited over BDD electrode surfaces. Generally speaking, the process described in the experimental section allowed obtaining metallic NPs onto BDD with quasi-spherical shape and a fairly uniform distribution across the entire BDD surface (Fig. 1). In the case of Ru-Au the particles were less homogeneous and, occasionally, some slightly larger "flake-like" structures could be observed (Fig. 1c). Image processing carried out with the ImageJ processing program revealed that the particles have an average diameter of approximately 4 nm for Pt-Ir, 7 nm for Ru, 22 nm for Ru-Au, and 18 nm for Pt-Au, respectively, and a metal surface coverage in the order of 20%. These particles were well adherent to the BDD surface, as challenged by ultrasonic bath for 10 minutes, followed by the application of 100 short (100 ms period) current pulses of high current density 50 mA.cm -2 , with no significant visible effect on the electrodes under further SEM imaging.

After immobilization of metal NPs, their presence over the BDD surface was further confirmed by XPS analysis. As shown in figure SI, the XPS spectrum of Pt-Ir NPs alloys (red curve) shows clear peaks at the binding energy of 71.48 and 60.98 eV, corresponding respectively to an asymmetric XPS spectra of Pt 4f and Ir 4f 7/2. Also, the XPS spectrum of Pt-Au NPs alloys (pink curve) shows clear peaks at 84.08 and 71.28 eV, corresponding respectively to an asymmetric XPS spectra of Au 4f and Pt 4f 7/2. The XPS spectrum of Ru/BDD samples presents a clear peak of Ru 3p3/2 with two contributions mostly from metallic Ru at approx. 462 eV and some minor contributions from Ru oxides at approx. 484 eV, in agreement with previous XPS spectra from electrodeposition tools [START_REF] Lukaszewski | Electrochemical methods of real surface area determination of noble metal electrodes -an overview[END_REF]. Finally, the XPS spectrum of Ru-Au/BDD sample confirms also the presence of Au 4f7/2 at 84.18 eV, validating that Au is in the metallic state [START_REF] Tian | Fabrication and electrochemical properties of boron-doped diamond film -gold nanoparticle array hybrid electrode[END_REF].

The resulting electrodes were further characterized by cyclic voltammetry (Fig. 2) in 0.1 M lithium perchlorate aqueous solution free of any electro-active redox species within the experimental conditions, thus underlining the capacitive behavior of these electrodes along with their potential window in such electrolyte.

The results, summarized in Table 1, revealed that the BDD electrodes coated with transition metal NPs exhibit low capacitive currents at 0 V where no faradic activity was observed. As expected the lower value is observed for the bare BDD electrode. For the modified electrodes, the capacitive current values are only slightly higher than those of the bare BDD electrode, and much lower than the values expected for bulk metal electrodes [START_REF] Lukaszewski | Electrochemical methods of real surface area determination of noble metal electrodes -an overview[END_REF]. The potential window of the modified electrodes is slightly reduced when compared to the bare BDD electrode due to the catalytic behavior of the deposited transition metals that facilitates water splitting both at anodic and cathodic currents, but it remains wide, above 3 V for three of the four modified electrodes. In the case of the modified electrodes, a small peak appears centered near 1V vs. Pt. This peak is attributed to the oxidation of the diamond surface and is commonly observed by cyclic voltammetry following exposure to high cathodic potentials where oxygen reactive species are produced. Here indeed a strong reduction current is observed for the modified electrodes suggesting the formation of such species again due to catalytic effects on the metal nanodots. Overall, these properties of the modified electrodes are found to be lying between those of bare diamond and those of bare metal electrodes, respectively, thus offering a good compromise in terms of stability, wide potential window, and low background current on one side, and enhanced catalytic properties on the other side, respectively.

Analytical measurements

Electrode response and stability in coffee samples

Cyclic voltammograms were recorded successively with the BDD based electrodes, from 0 V to 1 V vs Pt at a scan rate of 50 mVs -1 in solutions containing 1mL of coffee diluted in 20 mL of 0.5 M KCl in order to confirm the electrochemical activity of the modified electrodes toward coffee. Fig. a, b, c, d ande shows typical responses to L'Or Expresso "blue" coffee recorded for a bare BDD electrode, BDD electrode coated with Pt-Ir, Pt-Au, Ru-Au and Ru nanoparticles, respectively. They reveal both for the bare and the modified BDD electrodes a broad signal, which can be attributed to the oxidation of electroactive molecules present in coffee such as caffeine, chlorogenic acid and polyphenols [START_REF] Illy | Espresso coffee: the science of quality[END_REF]. From the second cyclic voltammograms onwards, a large decrease in oxidation current density is observed for both electrodes, suggesting the loss of reactivity of the electrodes, most probably due to fouling. Indeed, electrode fouling is common and is often attributed to the adsorption onto the electrode surface of either intermediate oxidation products of organic compound, or of contaminants initially present in the sample.

Electrode fouling can lead to unreliable measurements, and in order to overcome this issue, an electrochemical cleaning process developed previously [START_REF] Kiran | Quasi-Real Time Quantification of Uric Acid in Urine Using Boron Doped Diamond Microelectrode with in Situ Cleaning[END_REF] was explored here. The process consisted in applying a train of short cathodic and anodic pulses between each CV or CA measurements to the BDD electrodes. The number of pulses, pulses duration, and pulses current were established empirically to be 100, 100 ms and 10 mA.cm -2 , respectively, based on previous experience while taking into account the high level of fouling produced by coffee. It was suggested that this simple method leads to the formation of OH • radicals produced by the oxidation of the solvent, which contribute strongly to cleaning efficiency, although the cleaning mechanisms remains a debate since it is generally accepted that cleaning is more efficient when cathodic treatments are applied [START_REF] Belghiti | Simultaneous detection of indole and 3-methylindole using boron-doped diamond electrodes[END_REF]. Fig. 3f, g, h, i andj shows two cyclic voltammograms recorded after electrochemically cleaning the electrodes as described above before each recording. It is clearly seen in these figures that the electrochemical activation process can restore the loss of reactivity of the electrodes, as both CVs (first scan and next scan after activation) overlap fairly well.

Finally, these CVs clearly show the overcurrent of the electrochemical oxidation waves at 0.5 and 0.7 V for both sensors, implying the need of other selection procedure to choose the most relevant signals for establishing the best predictive model. For this reason, the most sensitive technique for the discrimination of coffee (with constant agitation) was found to be chroamperometry.

Chronoamperometric measurements

For each of the five electrodes and each coffee sample, the following measurements were repeated five time. At the beginning of the experiment, 20 mL of 0.5 M KCl solution was poured in a glass beaker. The electrode was activated using the protocol described in the previous section, and next the solution was stirred at a constant speed using a magnetic bar (200 rpm).

Then the baseline signal was recorded during 90s, after which 1 mL of coffee sample was added to the stirred solution. The signal was further recorded for another 120 s. Typical responses are shown in Fig. 4. Upon injection of the coffee samples, sharpe response signals are observed followed by signal decreases driven by mass transport at the vicinity of the electrodes surface.

The data in Fig. 4 shows at first sight that the response of the different electrodes varies from electrode to electrode for each coffee sample, and also the relative response varies according to the type of coffee being measured, thus suggesting that some selectivity can indeed be obtained using such a multi-sensor approach.

To extract relevant information from these data, principal component analysis (PCA) was firstly employed as a statistical tool to minimize the data dimensionality by grouping highly correlated information into a new axis system, then facilitate the visualization of coffee groups of the data set. The data were initially normalized so that the response current on each electrode is expressed as a percentage of the total change for the whole electrode array. This was carried out in an attempt to minimize the effect of coffee concentration variations since for each measurement a new coffee sample was brewed. The typical response patterns obtained for the four coffee types is shown in Fig. SI.3. Nevertheless, further multivariable analyses showed very little different between raw and normalized data. Therefore, PCA was performed on a matrix of size 5x20 using the XLStat Software Package using raw data. The input data in the matrix were the mean values of electrode response values measured from t = 10 s and t = 15 s following coffee injection, when a steady signal was almost reached. A representative percentage of the total data variability of 97.69 % was retained in the first two principal components PC1 and PC2. Fig. 5 shows the resulting score plots in the two dimensions. Fairly distinctive clustering corresponding to the "black" coffee, and "Caramel" coffee is clearly observed, although some overlapping is observed. The orange "coffee", which shows very distinctive response pattern, is well separated from the other coffee types. The data was further analyzed by hierarchical clustering analysis (HCA), aiming at separating data into specific groups by considering similarity criterion. HCA generates a dendrogram that quantitavely compared the Euclidean distances among all the experimental trials. Figure 6 shows the capability of HCA to differentiate to some extent the coffee samples. Here the results from the PCA are confirmed. The "orange" coffee is clearly separated from the other coffee sample types. Generally speaking the sample types show good similarities, but a few samples amongst the "caramel", "blue" and "black" are too similar for clear classification. The aroma of coffee is produced by a multitude of chemicals, some being electroactive and some not. Since our electrode system is mostly probing electroactive species, this may contribute to explain why the three "caramel", "blue" and "black" are difficult to separate. Overall, the amperometric measurements were suitable for discriminating the different taste of Nespresso coffee, and this last observation suggests that completing the sensor array with non-redox sensors may add further discrimination efficiency to the e-tongue system.

Conclusion

For the first time to our knowledge an array of boron doped diamond electrodes modified with transition metal nanoparticles was fabricated and used in a chronoamperometric measurement configuration for the discrimination of brewed coffee samples. The electrodes were characterized by SEM, XPS and electrochemical analyses to estimate the size, typically in the order of a few nanometers in diameter with a generally narrow size distribution, the nature of the metals deposited over the surface, and the electrochemical properties of the resulting electrodes, lying somewhere between those of bare diamond electrodes and those of the bare metallic electrodes in terms of electrochemical potential window and background current, respectively. It was shown that successive chronoamperometric measurements in coffee samples resulted in fouling of the electrode and thus drift in electrode responses. This result is extremely encouraging since, independently of the sensing performances of the e-tongue, stability and reproducibility are crucial for routine analyses, unless disposable electrodes are used. This issue was overcome using an electrochemical cleaning process. With these stabilized electrodes it was demonstrated that simultaneous chronoamperometric measurements with 5 electrodes could to some extend discriminate between coffee capsules of different intensities or flavor. Selectivity is the main performance criteria for an e-tongue, and it is clear that modified diamond electrode array needs further improvement. It was suggested that selectivity could perhaps be enhanced by the addition of transducers that are sensitive to non-electroactive species as well in coffee samples, such as potentiometric electrodes, in order to probe more flavoring chemicals. Altogether this approach appears to be highly promising towards artificial prediction of tastes for foodstuff analysis. 
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 1 Potential window recorded within the range of current threshold +/-100 µA and capacitive current recorded at 0 V vs pseudo-reference Pt in 0.1M LiClO4 for the bare diamond electrode and the BDD electrodes modified with metal nanoparticles.

		BDD	Pt-Ir/BDD	Pt-Au/BDD	Ru-Au/BDD Ru/BDD
	ΔE (V vs. Pt)	3.3	2.2	2.6	3	3.16
	ic (µA/cm -2 ) at 0 V 0.39	0.41	0.62	0.76	0.5