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The information obtained by the systematic search in ScienceDirect® databases, indicated the predominance of the use of
separation chromatography, followed by detection techniques in the development of analytical methods for the detection
of phenolic antioxidants in foodstuffs. This is because these techniques allow the simultaneous determination of different
types of antioxidants, through the separation of these compounds at different stages of a column, thus obtaining different
retention times, which are related to the physicochemical characteristics of the antioxidants and their interaction between
the stationary and mobile phase. After the separation, the antioxidants are identified and quantified using specific
chromatographic detectors, such as ultraviolet—visible, diode array, thermal conductivity, and mass spectroscopy, resulting
in a suitable sensitivity and selectivity. However, separation and detection chromatographic, despite being very accurate in
the detection of antioxidants, have as their main disadvantage the use of large amounts of organic solvents or inert gases,
with elevated purity and, consequently, high cost. Additionally, the use of these techniques requires rigorous steps of
extraction and cleanup to prepare the foodstuff samples for analysis, remove interference compounds, and/or
preconcentrate the antioxidants to obtain reliable information. Extraction steps can increase the time and costs in the
analysis, promote a reduction in the analytical frequency, and generate a great quantity of residues, which goes against a
very important principle, taken very seriously today, green chemistry, which orients the reduction or elimination of toxic
residues in chemical products and processes, including all cycles of a chemical, in its design, manufacture, use, and final
disposal.
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| 1. Introduction

Voltammetric techniques, based on electrical potential measurements, are divided according to the mode of potential
applications and, for the analysis of antioxidants, have been reported for the employ of differential pulse voltammetry
(DPV), linear scan voltammetry (LSV), and square wave voltammetry (SWV). However, a potential constant application
technique, such as multiple pulse amperometry (MPA), also has been reported. The sensitivity reported using DPV and
SWV is similar to that obtained using chromatographic detection but presents as the main advantage the simplicity in the
detection of phenolic antioxidants in foodstuffs due to the fact that complex and expensive extraction steps are not
necessary, often requiring only one step of liquid-liquid extraction, possibly the synthetic antioxidant detection in the
extract obtained from the initial sample, without the need for complex cleanup steps =141,

The analytical signals from the voltammetric determination of synthetic antioxidants are related to the redox reaction that
occurs in the interface electrode/solution, and the reactants and/or products from the reaction can be adsorbed in the
working electrode surface, resulting in a reduction in the intensity of analytical signals and difficulties in their
reproducibility. Therefore, the adequate choice of material for the preparation of the working electrode is the limiting factor
in the success of antioxidant detection. For this, the use of various types of working electrodes has been reported,
including chemically modified surfaces by nanoparticles, polymers, and carbon forms. The following will report some
characteristics of the chromatographic detection and voltammetric techniques employed in the determination of synthetic
antioxidants in foodstuffs, indicating the applicability of extraction steps and adequate working electrodes.

| 2. Chromatographic Analysis of Synthetic Phenolic Antioxidants

The official methodology adopted by regulatory agencies around the world to identify and quantify the synthetic
antioxidants in foodstuffs involves the use of previous gas chromatography (GC) and high-performance liquid
chromatography (HPLC) for separations, followed by detection using different detector types BIEIZIE]



HPLC can be applied in the separation of any compound that is soluble in a liquid phase, which can be modified
according to the polarity of the blend antioxidant. The separation depends on the interaction of antioxidants with the
mobile and stationary phase, which results in the retention times being similar, requiring specific extraction steps for
improvement in the selectivity of the analysis. The detectors are generally nondestructive, and therefore, synthetic
phenolic antioxidants can be collected for further analysis, which is very important in the traceability and adulteration
evaluation; besides, the detection can be carried out at room temperature, avoiding the destruction of thermally sensitive
antioxidants. However, the most common detector, the ultraviolet detector (HPLC/UV-VIS), presents low selectivity in
synthetic phenolic antioxidant detection, and for this, in the last decades, the selectivity and sensitivity in the HPLC
detection have been improved with the detection of mass spectrometry, which is used to determine the mass-to-charge
ratio of ions from the ionization of molecules of interest. However, the HPLC analysis requires the use of a large number
of organic solvents, and the analysis is usually very time-consuming, resulting in band broadening and, therefore, lower
resolution in comparison with GC 2.

Bibai Du et al. 19 ysed high-performance liquid chromatography—tandem mass spectrometry (LC-MS/MS) in the
determination of 20 synthetic antioxidants, including BHT. The separation used a gradient elution with a mobile phase
constituted by ammonium acetate solution and methanol, and the stationary phase was the combination of two Cig
columns, where one was used for chromatographic separation and the other was placed between the injector and the
eluent mixer to eliminate possible background contamination of the chromatographic system. The detection was
performed by mass spectrometry with ionization electrospray (ESI) and atmospheric pressure chemical ionization (APCI)
for multiple reaction monitoring. Among the 20 synthetic antioxidants evaluated, 10 were detected in vegetable oil
samples, 13 in powdered milk samples, and 9 in infant fruit puree samples. Considering BHT, the detection limit observed
was 0.09 ng/mL, and recovery in vegetable oils, powdered milk, and baby fruit puree presented values between 70% and
80%, indicating that more effective extraction procedures are needed in these antioxidants analyses.

GC results in high sensitivity, excellent resolution, and good separation capacity. However, its use is only possible in the
detection of volatile and thermally stable compounds. The mobile phase is an inert gas with a constant flow, and the
stationary phase is a column thermostat, which can have variation in the temperature, resulting in suitable resolution and
lower retention time. Detectors in GC are destructive, making their use unviable in the adulteration analysis; however, they
can be useful for various foodstuff quality control laboratories.

Farajzadeh et al. 11 used GC coupled to a flame ionization detector (GC-FID) in the quantification of BHT and BHA in
honey samples. For this, helium gas and a capillary column of poly dimethyl siloxane were used as mobile and stationary
phases, respectively. With constant elution, the partition of antioxidants resulted in detection limits of 1.7 ng/mL for BHT
and 4.1 ng/mL for BHA. These results were only achieved by the employ of a previous dispersive liquid—liquid extraction,
allowing enrichment factors and extraction recoveries in the range of 144—186% and 72-93%, respectively.

Despite the high cost, GC coupled to a mass spectrometer (GC-MS) is a robust separation and detection technique that
offers a superior signal-to-noise ratio, is easily automatized, and features fast data analysis, which provides comparatively
more accurate and reproducible results. Therefore, Gupta et al. 22l determined phenolic antioxidants in packed fruit juices
using gas chromatography—tandem mass spectrometry (GC-MS/MS), resulting in a sensitive, selective, accurate, and
precise analytical procedure. However, these analyses were only possible after the use of the QUEChERS (quick, easy,
cheap, effective, rugged, and safe) procedure of the extraction, which extracted simultaneously various phenolic
antioxidants, removed matrix interferences, and enriched the antioxidants from the matrix in a single step.

The adequate choice of pretreatment, extraction, cleanup, and preconcentration steps will directly influence the
instrumental performance, with either GC or HPLC detection. The extraction step employs specific solvents and adopts
standard procedures, which can, sometimes, result in a high consumption of time, elevated cost, high level of
contamination, and low extraction efficiency. Furthermore, these factors are intensely affected by the type and

concentration of the extraction solvent, extraction temperature, extraction time, and extraction pH, as will be explained
below [2IL3]14]

| 3. Extraction Methods for Synthetic Phenolic Antioxidants

The quantification of synthetic antioxidants in foodstuffs is a problem in food quality control laboratories and regulatory,
environmental, and health agencies due to the complexity associated with these matrices, especially those rich in lipids
since they contain a mixture of synthetic phenolic antioxidants. The presence of vitamins, minerals, moisture, chlorophyll,
other antioxidants, phenolic compounds, fats, and proteins, considered interferences, can directly influence the
repeatability, reproducibility, sensitivity, and selectivity of the chemical analysis. Thus, phenolic antioxidant detection



requires previous preparation to eliminate the possible interferences, extraction to isolate the antioxidant in a suitable
medium, and cleanup steps before chromatographic determination. In some samples, are necessary the concentration of
antioxidants due to their presence at low concentrations, low levels of detection required by regulatory agencies, and the
complex nature of the matrices that are present.

However, the extraction step, besides isolating the synthetic antioxidant of interest, can also remove other components of
the sample, following damage in the chemical analysis. Therefore, in recent years, great advances have been noted in the
development of suitable extraction methods that provide high recovery and reproducibility, in addition to being faster,
cheaper, more ecological, and easier to automate sy,

All reports indicated that minimizing the preparation steps mainly reduces sources of errors and time and cost in the
chemical analysis. Additionally, it was observed that the major trends in sample preparation focused on miniaturization,
automation, high-throughput performance, online coupling with analytical instruments, and low-cost operations with
extremely low or no solvent consumption 13I8l The following are some of the extraction methods more frequently
employed in the analysis of the synthetic antioxidant in foodstuffs.

3.1. Liquid-Liquid Extraction (LLE)

Liguid—liquid extraction (LLE) is an extraction method widely used in the past in complex sample extraction, separation,
and purification processes, mainly due to its simplicity, efficiency, and ease of application in standard analytical methods.
It is a technique that separates the analyte of interest from a complex matrix, based on the difference in solubility of the
analyte, in two solvents of different polarities 121181191120

Kim et al. & evaluated a method for the determination and validation of an uncertainty measurement for the
simultaneous determination of the synthetic phenolic antioxidants BHA, BHT, OG, PG, and TBHQ in edible oils commonly
consumed in Korea. Antioxidants were extracted from the samples using 20 portions of hexane-saturated acetonitrile, in
which the acetonitrile phase was collected and evaporated, and the extracts obtained were analyzed using LC-MS/MS
under previously optimized conditions. Antioxidant recoveries ranged from 91.4% to 115.9% with relative standard
deviations between 0.3% and 11.4% and uncertainties from 0.15% to 5.91%, indicating that the method is suitable for
verifying the safety of edible oil products containing residues of these antioxidants.

However, as shown in the research above and in other published works, the efficiency of LLE is directly related to the use
of large amounts of toxic and flammable organic solvents. Furthermore, due to the low concentration of the antioxidants in
the obtained extract, the preconcentration step is necessary in the extract obtained. The use of LLE has been much
guestioned in recent years due to the need for large amounts of solvents, and the extraction is laborious, poses a risk to
user safety, presents difficulty in automatization, and in some cases, occurs the formation of emulsions, damaging the
separation of the organic from the aqueous fractions and, consequently, making difficult the extraction and detection of the
antioxidant.

3.2. Solid-Phase Extraction (SPE)

Solid-phase extraction (SPE) is an extraction method that emerged in the 1970s, used to isolate and concentrate the
analyte of interest from a sample by retaining it in a solid phase, which will later be recovered by elution from a liquid or
fluid or by thermal desorption in the gas phase. The main advantages of SPE over LLE are the simplification of the trace
enrichment matrix (sample cleaning) and medium change (transfer of the sample matrix to a different solvent or gas
phase) and use of a smaller volume of solvent, in addition to being easy to set up.

SPE is widely used in chemical analysis, including environmental, pharmaceutical, clinical, food, and industrial
applications. Over time, various sorbent formats were developed to facilitate the extraction of different sample types.
Furthermore, it is a technique that allows its automation, so a full system integration for autonomous extraction,
separation, and detection is possible, although flexible and cost-effective manual sample processing remains the most
common practice in food analysis 221231,

Many types of sorbents are commercially available and used in food analysis, such as alumina, magnesium silicate, and
graphite carbon; however, silica is the most used because its surface is more reactive, allowing modifications by chemical
reactions to improve the extraction specificity in addition to being stable. However, when used in solid matrices, sample
treatment steps, such as homogenization, filtration, sonication, centrifugation, and liquid—liquid pre-extraction, are
sometimes used, which makes the technique extremely time-consuming and expensive. Another disadvantage of this



technique is that the cartridge must be uniformly coated to avoid reproducibility difficulties in the analytical determination
step (210231,

In the last years, graphene has also been employed as a sorbent for SPE in foodstuff samples, as performed by Mateos
et al. 24, who evaluated the usefulness of graphene as a sorbent for the isolation of BHA and PG from samples of
precooked spaghetti and hard bouillon cubes. Therefore, SPE was influenced by the type and volume of the eluent, the
amount and volume of graphene, and the concentration of antioxidants in the samples. HPLC analysis indicated that PG
and BHA levels were below the established legal limits. Hard bouillon cubes, free from both antioxidants were fortified with
different amounts of PG and BHA, and recoveries very close to 100% were achieved, demonstrating that graphene is a
suitable sorbent in the SPE extraction of antioxidants in foodstuffs.

3.3. Ultrasound Extraction

SPE and LLE have several associated disadvantages, such as high capital investment and energy consumption and the
use of toxic organic substances used for extraction. For this, ultrasound-assisted extraction (UAE) is suitable in terms of
being environmentally friendly and having clean extraction and low-investment-required technique. Additionally, UAE is
easy to use, multidirectional, and flexible when compared with other extraction techniques. High-intensity sonication is
performed for extraction and process applications, while low-intensity sonication is used as a nondestructive analytical
technique for quality assurance and process control. Ultrasound application enlarges the solvent selection range of
generally recognized safe, instead of toxic, organic solvents [&23],

Cacho et al. [28] ysed UAE in the extraction of BHA, BHT, and TBHQ in edible vegetable oil, resulting in a recovery range
of 86% to 115% in the extracts. Znidersi¢, Mlakar, and Prosen 20 used UAE in the degasification of beer, before BHT,
BHA, and TBHQ extraction, which was followed by GC-MS/MS analysis, resulting in limit quantification between 0.08 and
0.10 ng/g, depending on the compound.

3.4. Solid-Phase Microextraction

In recent years, many innovations in analytical processes have also been applied in the field of sample preparation, which
has resulted in the replacement of classic methods with faster, cheaper, less toxic procedures with less waste generation
and with equal or better performance than classical methods, called the green extraction methods. Current trends in
sample preparation have focused on low-cost operations, moving towards miniaturization, automation, high-efficiency
performance, online analytical instruments, and extremely low or solvent-free consumption. Reducing the sample
preparation steps can be effective in the errors, time, and cost decrease, and has some advantages for measuring trace
and ultratrace analytes in complex matrices. For this, microextraction methods, such as solid-phase microextraction
(SPME), stir bar boundary extraction (SBSE), and liquid-phase microextraction (LPME) have become important for
sample preparation compared with conventional techniques. Microextraction means that all modes of these techniques
require the use of small volumes of extraction medium during extraction conditions [1[28],

SPME is a sample preparation method that uses fused silica-coated externally with an appropriate stationary phase,
which, during the elution of the sample, is retained in the coating and can later be extracted. The column used in this
technique is infinitely smaller than that used in conventional SPE, in addition to allowing you to compress all the steps of
sample preparation into one. This considerably reduces preparation time and solvent use and, in addition to cost,
generates less waste for disposal. It can be easily coupled with GC and HPLC chromatography analysis and improve
detection limits (1222,

SPME has been successfully applied to a wide variety of compounds in gaseous, liquid, and solid samples, especially for
the extraction of volatile organics and semivolatile compounds in environmental, biological, and foodstuffs samples,
followed by GC and GC/MS analysis. Furthermore, SPME has also been introduced for direct coupling with HPLC and
LC/MS to analyze weakly volatile or thermally unstable compounds and various polar compounds. These SPME methods
are based on the adsorption of compounds in the liquid phase coated on the fiber surface [I121(29]

Znidersi¢ et al. 24 employed SPME in the extraction of BHT, BHA, and TBHQ in beverages previously degassed.
Antioxidants were adsorbed in an SPME fiber, the volatile compounds were removed under reduced pressure, and the
extract desorbed was analyzed by GC-MS/MS, resulting in limits of detection of 0.005, 0.025, and 0.005 pg/L for BHT,
BHA, and TBHQ, respectively, and recovery between 98% and 109% in beverages.



3.5. Stir Bar Sorptive Extraction

The stir bar sorptive extraction (SBSE) is an extraction technique developed in the late 1990s based on SPME. The larger
coating on the stir bar, about 50 to 250 times larger than the fiber used in SPME, allows for greater adsorption and
recovery capacity, ensuring greater efficiency and better reproducibility in the extraction of the compounds of interest from
complex samples. In addition, it significantly reduces the use of solvents and, due to its greater absorption power, reduces
the amount of sample preparation, which is often time-consuming and laborious and generates experimental errors.
Normally, SBSE can be applied in the extraction of various organic compounds in the aqueous matrix of foodstuffs.
Therefore, the extraction bar can be added to the sample and by the stirring process and carry out the extraction process.
After the extraction time, the compounds adsorbed on the bar can be desorbed and determined by GC or HPLC. The
biggest disadvantage of this technique is that it is not possible to automate it 2119,

Nurerk et al. B optimized an extraction methodology using SBSE to extract BHA, BHT, and TBHQ from juice, milk, infant
formula, and coffee cream samples. For this, it employed a stir bar adsorbent trapped in poly(3,4-ethylenedioxythiophene)
interconnected porous cryogen, and the extraction efficiency was optimized by evaluating the effect of adsorbent
compositions, extraction time, agitation speed, sample pH, desorption conditions, sample volume, and ionic strength. The
analysis of the extracted synthetic phenolic antioxidants was performed by HPLC, and the detection limits for BHA, BHT,
and TBHQ ranged between 0.05 and 0.15 pg/kg, and recoveries ranged from 87% to 101%. The developed composite stir
bar adsorbent was convenient to use with good physical and chemical stability, allowing efficient extraction for 12 cycles of
extractions.

3.6. Liquid-Liquid Microextraction

Liguid-phase microextraction (LPME) is an extraction technique that promotes the preconcentration and separation of the
analyte from its matrix widely used in recent years, mainly due to its simple operation, low cost, and high efficiency. LPME
is an easy, fast, efficient, and cost-effective sample preparation technique. Like SPME, sample extraction, concentration,
and entry can be integrated into a single step. LPME extraction typically consists of a small amount of a water-immiscible
solvent and an aqueous phase containing the target analyte. The acceptor phase is not only immersed for direct
extraction but also suspended in the sample for headspace extraction, and the received phase volume varies in
microliters or less; besides, greater enrichment factors must be obtained due to the relationship between the high volume
of the sample and the acceptor phase [I[2131]

LPME can be classified into single-phase droplet microextraction (SDME), hollow fiber liquid-phase microextraction (HF-
LPME), and dispersive liquid microextraction (DLLME), according to the operation mode. Therefore, different LPME
approaches have been developed to analyze various compounds in foodstuffs, with each group having a variety of
modifications. The advantages of LPME can be summarized as a simple and highly selective extraction method,
environmentally friendly due to lower solvent usage, where the pL of the solvent is used to extract an analyte from multiple
samples and mainly can be combined with HPLC, GC, and capillary electrophoresis (CE) 21281

Liu et al. 82 ysed LPME allied to ultrasound-assisted and deep eutectic solvents for the extraction of TBHQ in edible oils,
in which the extracts were directly analyzed HPLC with an ultraviolet detector after the separation by a reverse-phase
column. In this methodology, they obtained a detection limit of 0.02 ug/mL and a recovery range of 98.5%—112%. This
methodology was applied to determine TBHQ in 13 edible oil samples, and the result was close to that of the conventional
LLE, but with the use of toxic solvents, which proves to be an environment-friendly method.

DLLME, first described in 2006, has been successfully applied to extract pesticides from water samples. Like LLME,
DLLME relies on three-component solvent systems (aqueous sample, dispersive solvent, and extractive solvent). A
suitable mixture of extraction solvent (organic) and dispersive solvent (water-miscible organic solvent) can be injected into
the aqueous sample, and therefore, turbid solvent must be formed. Subsequently, using a centrifuge, the analytes are
separated from the organic phase. DLLME’s main advantages over conventional techniques are simplicity, fast operation,
low cost, easy handling, low use of organic solvents, high recovery, high factor enrichment, and adaptability to HPLC and
GC techniques [2I331[34],

DLLME was used by Biparva et al. 23 in the extraction of BHA and BHT in fruit juice samples for HPLC analysis. The
detection limits obtained were 2.5 and 0.9 mg/L for BHA and BHT, respectively, with recovery percentages between 95%
and 100% after the preconcentration of BHT and BHA. Already, Fang et al. 381 used DLLME as a cleanup step in the
edible oil sample analysis, and HPLC detection resulted in detection limits from 0.002 to 0.04 mg/kg and a recovery
percentage of around 74% in the oil samples. This method resulted in less time and less consumption of reagents that
could be used on several occasions to detect synthetic antioxidants.



3.7. Cloud-Point Extraction

Cloud-point extraction (CPE) is the more ecological sample pretreatment, which consists of three steps: (i) solubilization
of the analytes in micellar aggregates, (ii) cloudiness, and (iii) phase separation for the analysis. Nonionic surfactants may
be able to form a micelle in aqueous solutions and become cloudy at a specific temperature, which is described as cloud-
point temperature. At this point, the micellar solution is divided into two phases: a small-volume phase that enriches in
terms of surfactant and dilutes the aqueous phase. When metal ions react with an appropriate binder, they can form an
aqueous complex of low solubility, and therefore, these ions must be extracted from the aqueous solution in the small-
volume phase enriched in terms of surfactant B7[E8l39],

CPE is a simple, sensitive, and fast method of concentration and separation of essential elements because of employing
water and avoiding the use of expensive, toxic, and flammable organic solvents in large volumes. In addition, CPE is
expected to have several significant advantages, such as faster operation, easier handling, shorter time, lower cost,
higher recovery and enrichment factor, and less stringent requirements for separation. Diluted surfactant solvents can be
used as an extracting medium in CPE, resulting in less laboratory waste and cost-effectiveness, and are likely to be cost-

effective reagents. Furthermore, surfactants are less flammable than organic solvents, reducing the risk to the analyst 2!
[38][39]

CPE was employed by Chen et al. 3 to extract and preconcentrate PG, TBHQ, BHA, and BHT from edible oils. Using a
nonionic surfactant and assisted ultrasound, these antioxidants were extracted and analyzed by HPLC after the
separation in a reverse-phase column, following limits of detection in the range of 1.6 to 9.0 ng/mL and a recovery range
of 90% to 98%. The comparison with the CPE method using neutral surfactant and LLE using methanol proved that the
proposed method allows a preconcentration factor of 25 times, improving the analytical sensitivity.

3.8. QUEChERS

A fast, easy, cheap, effective, robust, and secure (QUEChERS) approach can extract multiclass analytes simultaneously,
remove matrix interferences, and enrich matrix analytes in a single step. This approach has advantages; for example, (i) it
reduces analysis time and cost, (i) it requires a small number of steps, and (iii) it minimizes the consumption of chemicals.
Initially, the QUEChERS method was used in different matrices for analysis in food, biological, and waste industries.
QUEChERS extraction is divided into two stages, an initial single-phase extraction with a solvent, followed by salting-out
extraction/partitioning with salts, and finally, a dispersive solid-phase extraction to clean the extract (due to possible
interferences present as a consequence of complex matrices) (1211401,

Gupta et al. 12 employed QUEChERS as an extraction procedure of synthetic antioxidants in fruit juice samples for GC—
MS/MS analysis. With a detection limit of 8.14 to 25.45 ng/L, the proposed method was successfully applied to six
different packaged fruit juice samples, resulting in a recovery in the range of 73.2% to 119.9%, thus being considered
effective and cost-effective for routine antioxidant detection in foodstuff samples.

In another research, Guldberg et al. ¥ employed QUEChERS for the extraction of BHA and PG in fish silage and fish oil
used to produce animal feed. This extraction was performed to develop and validate a new method to determine these
antioxidants by LC-MS/MS and allowed for the quantification of antioxidants in all matrices with low detection limits of
0.012 to 0.015 mg/kg and a recovery range of 97% to 101%.

| 4. Working Electrodes Used in Synthetic Phenolic Antioxidant Analysis

Like other organic compound detections, for the electrochemical determination of synthetic phenolic antioxidants, the
main step that will determine the success of the methodology is the surface on which the redox reaction will occur; already
in the use of chromatographic techniques, the determining step of the methodology is the extraction. For electrochemical
analysis for all the articles found in the last few years, just a simple liquid—liquid extraction was enough, without additional
cleanup steps to determine the antioxidants in food.

In practice, for electrochemical analysis, the sample containing the compounds of interest is added in the electrochemical
cell, which is composed of electrical conductors (working, reference, and auxiliary electrodes) and the ionic conductor
(supporting electrolyte). The potential difference is applied, resulting in an interfacial reaction that occurs between the
working electrode surface and a solution.

Therefore, the choices of working electrodes are based on the chemical structure of antioxidants, which will result in a
specific potential interval where the antioxidant oxidizes and/or reduces, following the signal proportional to the antioxidant



concentration. Additionally, the working electrodes must present low cost, high surface area, and good electric
conductivity. Besides, the signal-to-noise features and reproducibility in the signals and still results in voltammetric
methodologies with suitable robustness, efficiency, sensitivity, inexpensiveness, and aim at meeting green chemistry
principles should also be considered 42,

The preparation of working electrodes requires a specific procedure according to the material employed, allowing for
specific protocols that combine the surface cleaned by specific solvents or surfactants, alteration of the exposed
microstructure by mechanical polishing, manipulation of the surface chemistry by an electrochemical process that can
improve the intensity and reproducibility of the analytical signal 431, Additionally, working electrodes with different types of
materials and geometries are commercially available, and many can be employed for surface modification and specific
uses.

Carbon is the most common material used as a working electrode due to its broad anodic potential range, low cost,
chemical inertness, and mechanical stability. There are different forms of carbon, among them the most used are graphite,
glassy carbon, carbon fiber, nanotubes, graphene, and diamond.

Medeiros et al. ¥4l developed a methodology for the simultaneous determination of BHA and BHT in foods using SWV
combined with a boron-doped diamond (BDD) electrode. Through the evaluation of the supporting electrolyte and suitable
voltammetric parameters, it was possible to observe that SWV together with a cathodically pretreated DDBE electrode
can be used with some benefits for the quantitative determination of BHA and BHT, alone or mixed as commonly found in
food products. Very low limits of detection were obtained in the simultaneous determination of BHA (0.14 pmol/L) and BHT
(0.25 pmol/L). Furthermore, addition and recovery analysis allowed to conclude that the matrix effect did not present
significant interference. The concentration values obtained for BHA and BHT are like those obtained by the HPLC method.
Thus, the SWV method reported here is effective for the simultaneous determination of BHA and BHT in food products.
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