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A B S T R A C T   

This study investigated the electrochemical detection of Tryptophan (Trp) in pineapple using a 
glassy carbon electrode (GCE) modified with nanocomposites of green and chemically synthe
sized copper oxide-polyaniline (PANI/CuOgrn and PANI/CuOchm). Given the properties of PANI/ 
CuOgrn and PANI/CuOchm that have never been applied in the detection of Trp, it indicates that 
the development of a highly sensitive and selective sensing platform for Trp-is necessary. Such a 
platform would take advantage of high electric conductivity, larger surface area, and improved 
catalytic activity of the nanocomposites. PANI/CuOgrn and PANI/CuOchm nanocomposites were 
formed by doping polyaniline (PANI) with green and chemically synthesized copper oxide (CuO) 
nanoparticles. Using Debye-Scherrer the particle sizes of PANI/CuOgrn and PANI/CuOchm were 
found to be 15 nm and 13 nm, respectively. Through cyclic voltammetry (CV) and square wave 
voltammetry (SWV), the electrochemical behaviour of CuOch, CuOgrn, PANI/CuOchm, and 
PANI/CuOgrn electrodes was studied, with the focus on comparing the nanocomposites for 
tryptophan (Trp) catalysis. GCE-PANI/CuOchm showed a higher current response of 3.2 μA than 
GCE-PANI/CuOgrn. SWV was used to determine Trp, with the linear range of 5.11 μM to 25.85 
μM and limit of detection (LOD) values of 3.947 and 2.037 μM for GCE-PANI/CuOchm, and 3.434 
and 2.427 μM for GCE-PANI/CuOgrn. The GCE-PANI/CuOchm electrode achieved a recovered 
percentage of 96 % to 109 %, with an average RSD value of 18.3 (n=3), while the GCE-PANI/ 
CuOchm electrode achieved a percentage recovery of 85 % to 103 % with an RSD value of 
12.7 (n=3). The high recovery percentages for both electrodes confirm their dependability in 
detecting Trp. The high concentration of Trp-in the fruit and the electrode’s sensitivity to iden
tifying Trp-in actual sample analysis may account for the high recovery percentage observed.   
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Introduction 

Tryptophan (Trp) is an essential amino acid that the human body cannot synthesize and, therefore, must be obtained through 
consuming protein-rich foods, such as nuts, milk, fish, bananas, and cheese [1,2]. Trp-is a precursor for the neurohormone melatonin, 
which is crucial in regulating the sleep-wake cycle and promoting sleep [3]. It is also a precursor for serotonin, a neurotransmitter that 
regulates sleep and impacts mood, hunger, and pain [4,5]. Additionally, Trp-helps maintain the body’s nitrogen balance and supports 
healthy body weight and muscle mass [6,7]. The World Health Organization (WHO) recommends that Trp-intake should not exceed 4 
mg/kg per day, which is also contingent on body weight [6]. When the body fails to process or metabolize Trp-correctly, it may result 
in the generation of toxic substances that trigger crises such as schizophrenia, hallucinations, and delusions [2]. A Trp-deficiency can 
lead to severe mental illnesses such as anxiety and depression by depleting serotonin and causing melatonin depletion, resulting in 
sleeplessness. Excessive Trp-consumption can be just as harmful to human health as Trp-deprivation, causing a range of gastroin
testinal issues, including nausea, stomach discomfort, diarrhea, lack of appetite, and sexual dysfunction [1,8]. 

Various methods have been employed to detect Trp, including chromatography techniques like ultra-high performance liquid 
chromatography with electrospray ionization, microscopic techniques such as cryoelectron microscopy, and spectroscopic techniques 
like fluorescence microscopy-mass spectroscopy with a triple quadrupole [8]. However, electrochemical sensors face challenges when 
detecting Trp. For example, the bare electrode may foul when other molecules such as ascorbic acid (AA) and dopamine (DA) are 
detected alongside Trp, resulting in overpotential. Furthermore, Trp’s electron transfer process is slow, and its electrochemical activity 
is poor [9]. 

Nanotechnology, a technical discipline used in nanoscience to build and use functional structures measured in nanometers, offers 
several synthesis methods, including chemical and green synthesis. Green synthesis, which utilizes enzymes, microbes, plants, fungi, 
and plant extracts, is an ecologically benign approach due to its efficient use of less toxic solvents and its ability to maximize pro
duction while minimizing the harmful by-products of numerous chemical processes [10,11]. Despite its drawbacks, the chemical 
method produces goods through planned chemical processes; it is believed to be repeatable, reliable, and efficient enough to be 
employed in numerous laboratories [11-13]. 

Both chemically synthesized and green synthesized copper oxide (CuO) nanoparticles (NPs) offer several benefits, including the 
capacity to be used in a wide range of applications. CuO NPs are used in rocket propellants as burning catalysts, lowering the index 
pressure and improving the homogenous propellant burning rate; they are helpful in energy storage due to their high redox behavior, 
tiny band gap with optimized shape, and low dielectric constant. CuONPs are also used as ceramic resistors due to their high electric 
resistance, high temperature stability, and low thermal expansion coefficient. Similarly, polyaniline (PANI) has several uses since it is 
the best polymer in the family of inherently conducting polymers. It is highly respected because of its electrical qualities, which can be 
tuned, have a low cost, and have other significant characteristics [14-19]. PANI is used in EMI shielding due to its resistance to 
mechanical and thermal stress and high dielectric constant, allowing electromagnetic waves to be conducted away from the shielded 
device. Due to PANI’s resistance to corrosion and heat and high breakdown voltage, which allows it to withstand high electric fields 
without breaking, it is used in electric discharge systems. When both CuO NPs and PANI are used in electrochemical sensors as a mixed 
CuO/PANI nanocomposite, the polymers toughness, flexibility, and coat-ability improve. Furthermore, the metal oxides endurance 
and hardness will improve, making the nanocomposite superior to the polymer and metal oxide separately [15-20]. PANI/CuO 
nanocomposite has anti-corrosive and EMI shielding due to the synergistic effect of both PANI and CuONPs, and this makes them 
suitable for applications in electromagnetic shielding and electronic devices. The composite can be used in a variety of industries, 
including aerospace, automotive, and marine [14]. 

Other materials have been used for the detection of Trp, which have shown to have very low detection limits such as Pd-Cu@Cu2O/ 
N-RGO [21], boron-doped diamond nanowires [22], and flower-like cerium vanadate microstructures [23] and had LOD’s of 1.9 nm, 
0.5 µM, and 0.024 µM, but PANI/CuO has never been used for the detection of Trp-in literature. This study presents the electrochemical 
detection of Trp-in pineapple fruits, as well as Trp-in the presence of other molecules such as ascorbic acid (AA) acid and dopamine 
(DA), by using green and chemically synthesized PANI/CuO nanocomposites with the intention of comparing their electrochemical 
properties such as catalytic activity, redox, which are affected by surface area and surface energy, conductivity, which are fundamental 
properties required in an electrochemical sensor, and also to observe which one of the green and chemically synthesized materials has 
better sensitivity and selectivity so that they can be applied in sensors even. Cyclic voltammetry (CV) and square wave voltammetry 
(SWV) were used to conduct the study between green and chemically synthesized nanocomposites. The GCE-PANI/CuOchm modified 
electrode demonstrated superior electrocatalytic and electroanalytic properties for detecting Trp-compared to the GCE- PANI/CuOgrn 
modified electrode. 

Materials and methods 

Materials 

Ziziphus mucronata, a plant species indigenous to South Africa, is utilized to greenly synthesize CuO through the utilization of its 
dried leaves. Copper (II) nitrate trihydrate (Cu(NO3)2⋅3H2O) (90 %), dopamine hydrochloride (98 %), ethylene glycol (99.5 %), 
aniline hydrochloride (99 %), hydrochloric acid (HCl) (32 %), ammonium peroxydisulphate ((NH4)2S2O8) (98 %), sodium hydroxide 
(NaOH) (98 %), potassium hexacynoferrate (IV) (K4[Fe(CN)6]) (99 %), potassium hexacynoferrate (III) (K3[Fe(CN)6]) (99 %) and N, 
N-Dimethylformamide (DMF) (USA) (99 %) were utilized with exactitude in their analytical-grade form, without requiring further 
purification. The preparation of all solutions involved the use of distilled water that had been deionized (DI). 
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Preparation of PANI/CuO nanoparticles 

In a prior study [16], a thorough investigation was conducted on the synthesis and characterization of CuO nanoparticles produced 
through both chemical and green methods. Additionally, using a ratio of 1:1 for green and chemically synthesized nanoparticles and 
PANI, 3 ml of DMF was added to the individual vials. The vials were sonicated for 24 hours at 25 ̊C to create a PANI/CuO nano
composite paste [16]. 

pH optimization 

pH optimization was done at GCE-PANI/CuO at various pH (pH 3, pH 6, pH 7, and pH 9) and was repeated at pH 7.0 to 7.9 after 
discovering that pH 7 has the highest current response in 0.1 M PB solution containing 0.1 mM Trp-at 25 mV/s scan rate. This study is 
important since Trp, AA, and DA are present in blood at a physiological pH of 7.4 [24]. 

Electrocatalysis 

Autolab’s electrochemical experiments utilized a glassy carbon electrode (GCE) as one of its electrodes. The electrode was carefully 
prepared for experimentation by initially cleaning it using a mixture of aluminum oxide (Al2O3) and distilled water. The cleaning 
surface was subjected to an infinity sign drawn with an Al2O3 mixture. The electrode was then submerged in distilled water and 
sonicated for 5 minutes, followed by submersion in ethanol for another 5 minutes, and then returned to distilled water for 5 minutes. 
Subsequently, the electrode was dried at 50 ◦C for 5 minutes before being modified with nanomaterials through drop-drying and then 
dried again for an additional 5 minutes. 

The electrochemical cell in use utilized three electrodes - a reference, counter, and working electrode. The cyclic voltammetric 
method was employed to perform the electrocatalytic experiment with DA, AA, and Trp. The experiment used potential ranges of -0.4 V 
and 1.2 V for Trp, with a scan rate of 25 mV/s. The anodic (Ipa) and cathodic (Ipc) peak currents, formal redox potential (Eo), and peak 
separations (ΔE) were all carefully examined parameters. 

Concentration study 

To investigate concentration levels, the GCE electrode was coated with PANI/CuOgrn and PANI/CuOchm nanocomposites and 
subjected to square-wave voltammetry (SWV). The SWV method utilized a potential window range of -0.4 to 1.2 V, a frequency of 10 
Hz, a potential amplitude of 0.01 V, and an Estep for potential amplitude (0.01). By measuring the produced concentrations, the 
electrode’s sensitivity towards the analyte (Trp) was determined, along with the limit of detection (LOD) and limit of quantitation 
(LOQ). 

Preparation of real sample analysis 

First, 5 g of pineapple fruit were weighed and blended using a blender machine. Then, 100 ml of PB solution with a pH of 7.4 were 
added, and the mixture was swirled for 10 minutes. To obtain the supernatant, a centrifuge was used for 15 min at 4430 rpm to 
separate the resulting mixture. Different concentrations of Trp-were added to the pineapple extract. The GCE- PANI/CuOgrn and PANI/ 

Fig. 1. Comparative cyclic voltammogram of unmodified and modified electrodes in Trp-probe in 0.4 mM PB (pH 7.4), 1(b) Current response of all 
the electrodes. 
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CuOchm electrodes were utilized to quantify Trp-concentration quickly in spiked and un-spiked samples [16]. 

Results and discussion 

Electrocatalysis of Trp 

The electrocatalytic behavior of unmodified, green, and chemically modified electrodes towards the oxidation of Trp-is presented 
in Fig. 1(a) through cyclic voltammetric responses. The GCE-bare, GCE-PANI, GCE-CuOgrn, GCE-PANI/CuOgrn, GCE-CuOchm, and GCE- 
PANI/CuOchm electrodes were utilized in a Trp-probe produced in 0.4 mM pH 7 PB solution within a potential window of -0.4 to 1.3 V 
at 25 mV/s scan rate. Using Debye-Scherrer the particle sizes of PANI/CuOgrn and PANI/CuOchm were found to be 15 nm and 13 nm, 
respectively. Fig. 1(a) indicates that the CV of Trp-has two oxidation potentials; the first one was found around 0.01 V, which is for Trp- 
radical cation, and the second oxidation peak was found at 0.8, which is for 3- hydroxykynurenine. The synergistic effect of combining 
PANI and CuONP’s is the reason for the presence of two oxidation peaks, which improved the catalytic activity and electron transfer 
kinetics of all the electrodes and facilitated the various oxidation stages of Trp [19,25]. The combination of the excellent properties of 
PANI and CuOchm provides the nanocomposite with a surface area with an electron transfer microenvironment, enabling the sensitive 
determination of Trp. All the electrodes have an oxidation peak with no reduction peak, indicating an irreversible reaction resulting 
from the redox-active indole group of Trp, which undergoes two-electron reduction during cyclic voltammetry. The first electron 
reduction occurs in the indole ring, resulting in unstable products, which is the Trp-radical cation, which reacts further, forming 
irreversible stable products that cannot be oxidized back to Trp, and the second one occurs at the amino side chain [25]. The 
mechanism of Trp-involves the formation of Trp-radical cation by abstraction of an electron, followed by the C2 rearrangement of the 
radical species, which undergoes hydroxylation, forming a carbon-centered radical, which undergoes intermolecular cyclization, 
forming 3-hydroxykynurenine [25,26]. 

Among the different electrodes tested, GCE-PANI exhibited the highest current response, suggesting superior electroanalytical 
properties. PANI usually shows a shuttle shape at a pH greater than 7 due to the absence of anions. However, in this case, it displayed a 
normal peak, which is a result of the presence of ions in the phosphate buffer solution. The ions caused PANI to undergo an exchange 
reaction, whereby protons in the polymer are replaced by anions, and this is called the ion exchange phenomenon, leading to PANI 
showing a normal peak at a pH greater than 7 instead of the shuttle-shaped peak. Additionally, the proton replacement in the polymer 
increases the mobility of the charge carriers. This is widely used in pH sensors [27]. GCE-PANI/CuOchm demonstrated a high current 
response and had the second-highest oxidation peak compared to other electrodes. This may indicate that GCE-PANI/CuOchm pos
sesses superior catalytic properties and a larger surface area, resulting from the presence of PANI. This, in turn, enhances its con
ductivity and electron transfer acceleration capacity. Additionally, CuO’s properties, such as its smaller bandgap than PANI and its 
high adsorption capacity, may have contributed to GCE-PANI/CuOchm’s improved conductivity and sensing performance. These 
findings are supported by a previous study [16]. The order of current response and electron transfer is represented in Fig. 1(b), with 
GCE-PANI (11.12 µA) exhibiting the highest response followed by GCE-PANI/CuOchm (10.34 µA) > GCE-CuOchm (8.93 µA) >
GCE-PANI/CuOgrn (7.14 µA) > GCE-CuOgrn (5.76 µA) > GCE-Bare (3.88 µA). The Epa for all modified electrodes was consistent with 
the literature [21], ranging from 0.8 to 0.9. 

Electrochemical impedance spectroscopy in 0.4 mM Trp 

Electrochemical impedance spectroscopy (EIS) was used to investigate the electron transport properties of both modified and 
unmodified electrodes. To conduct the EIS experiment, we used five different electrode coating materials in a 0.4 mM Trp-solution 

Fig. 2. (a) Fitted Nyquist plot for modified and unmodified electrodes, (b) typical EIS fitting circuit for modified and unmodified electrodes.  
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prepared in 0.1 mM PB with a pH of 7.4. The experiment was carried out using Autolab with a frequency set ranging from 100 kHz to 
0.1 Hz and a fixed potential of 0.2 V. The Nyquist plot fitted of all the modified and unmodified electrodes is represented in Fig. 2(a). 
The Rct values were 21.54 kΩ < 14.75 kΩ < 12.59 kΩ < 12.48 kΩ < 9.79 kΩ < 9.56 kΩ for GCE-Bare, GCE-CuOgrn, GCE-PANI/CuOgrn, 
GCE-PANI/CuOchm, GCE-PANI, and GCE-CuOchm, respectively. Our results indicated that the electrode modification for all the 
modified electrodes was successful. 

Table 1 indicates that all electrodes, except for GCE-CuOchm, exhibited matching CV data for both modified and unmodified 
electrodes at 0.4 mM Trp. The unstable behavior of GCE-CuOchm may be attributed to the high surface reactivity of CuO. This 
reactivity often triggers reactions with surrounding electrolytes, leading to changes in surface properties and the formation of hy
droxide and copper species (CuO or Cu2O), which ultimately affect electrode stability and reproducibility. Additionally, CuO may 
undergo a redox reaction, altering its oxidation state and disrupting the electrode-electrolyte charge transfer interface. Another po
tential factor contributing to the unstable behavior of GCE-CuOchm is the adsorption of Trp-to the electrode surface, which varies due to 
surface charge and roughness and may introduce measurement variability and instability [24,28,29]. Additionally, there were slight 
deviations between the curve for bare electrodes and modified electrodes, particularly in the high-frequency region. This is likely due 
to the surface modification of the bare electrode with nanocomposites, which increases the surface area and affects the 
electrode-electrolyte interface, leading to a slight deviation in impedance curves. Fig. 2(b) depicts the typical circuit used to fit all 
electrodes, and Table 2 outlines the circuit components, with Rs indicating solution resistance, Rct representing charge transfer 
resistance, CPE denoting the constant phase element, and χ2 representing the Chai-square value [30]. 

Effects of scan rate on the electrocatalysis oxidation of Trp at the GCE-PANI/CuOgrn and GCE-PANI/CuOchm electrodes 

The effect of the scan rate on GCE-PANI/CuOgrn and GCE-PANI/CuOchm electrodes with a 0.4 mM Trp-concentration, utilizing CV 
techniques, was examined. The corresponding CV response is presented in Fig. 3(a) and 4(a) for GCE-PANI/CuOgrn and GCE-PANI/ 
CuOchm electrodes, respectively. Fig. 3(a) illustrates the presence of two distinct oxidation peaks for Trp-radical cation and an 
additional peak for 3-hydroxykyurenine. A single reduction peak is observed, which is attributed to Trp-radical cation, an intermediate 
species that is unstable and, therefore, undergoes reduction to form 3-hydroxykynurenine. The latter is a highly stable product with 
limited potential for further reduction and hence exhibits a single oxidation peak. 

Fig. 3(b) illustrates the Ipa/Ipc regression plot against the square root of the scan rate. The relationship between the peak current and 
scan rate was found to be proportionally correlated with the scan rate. The oxidation of Trp’s phenyl ring and Trp’s function as a 
reducing agent at the electrode surface was observed in the GCE-PANI/CuOchm electrode. The increase in peak potential with the 25 to 
500 mV increase of the scan rate indicated that an adsorption-controlled reaction took place. The anodic reaction was represented by 
Ipa = 0.3596 + 0.2467 v1/2 with R2 = 0.999, and the cathodic reaction was represented by Ipc = – 0.3180 – 0.1897 v1/2 with R2 =

0.9918. Both Fig. 3(b) and (c) demonstrated that current and scan rates were directly related and increased linearly. The equations for 
anodic and cathodic peak currents in Fig 3(c) were Ipa = 1.4408 + 0.0664 v (R2 = 0.998) and Ipc = –1.1384 – 0.0392 v (R2 = 0.996), 
respectively. The Tafel value for this curve was determined to be 410.6 mV/dec, which was more than 118 mV/dec. This suggests that 
adsorption occurred at the electrode surface due to oxidation products or the participation of chemical intermediates [39]. The 
Randles-Sevcik equation [39] was used to describe the relationship between peak current (Ip), square root of scan rate (v1/2), and scan 
rate (v) for both Fig. 3(b) and (c) and Fig. 4(b) and (c). 

Ip = 2.69 × 105 n
3
2 A D

1
2 C ν

1
2 (1) 

Where Ip represents the anodic peak current (A), n is the number of electrons transferred, A is the effective electroactive surface 
area (cm2), C is the constant concentration of Trp (mol cm− 3), D is the diffusion coefficient (cm2 s− 1), and v is the scan rate (v s− 1). 

In contrast, in Fig. 4(a), the GCE-PANI/CuOgrn electrode displayed an oxidation peak without a reduction peak, indicating that the 
Trp-underwent an irreversible oxidation reaction at the electrode surface. Trp-was oxidized to its corresponding products, which were 
not reduced back during the reverse scan, likely due to the catalyst PANI/CuOgrn, which favored the oxidation of Trp-and inhibited its 
reduction. The roughness and surface charges of the modified electrode surface were potential factors that may have affected the 
electrochemical properties of Trp [40,41]. Fig 4(b) shows the Ipa/Ipc regression plot versus the square root of the scan rate, illustrating 
that the peak current and scan rate were proportionally correlated by the scan rate. The GCE-PANI/CuOgrn electrode oxidized Trp’s 
phenyl ring, while Trp-acted as a reducing agent at the electrode surface. The steady increase in peak potential with the 25 to 500 mV 
increase in the scan rate demonstrated this [42]. The anodic equation from Fig. 4(b) is Ipa = 0.3180 + 0.18975 v1/2 with R2 = 0.997, 
indicating that the reaction was adsorption controlled. Fig 4(c) shows that the current versus scan rate grew linearly with equations Ipa 

Table 1 
CV data obtained at different unmodified and modified electrodes.  

Elements Ipa (μA) Ipc (μA) Ipa/Ipc Epa (V) Epc (V) Eo (V) ΔE (V) 

GCE-bare 4.11 – 4.11 0.99 – 0.99 0.49 
GCE-PANI 11.15 – 11.15 0.82 – 0.82 0.41 
GCE-CuOchm 6.66 – 6.66 0.93 – 0.93 0.46 
GCE-CuOgrn 5.89 – 5.89 0.91 – 0.91 0.45 
GCE-PANI/CuOchm 10.33 – 10.33 0.84 – 0.84 0.42 
GCE-PANI/CuOgrn 7.19 – 7.19 0.82 – 0.82 0.41  
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= 1.1384 + 0.0392 v (R2 = 0.996), illustrating that as the current increases, so does the scan rate. Therefore, both the 
GCE-PANI/CuOchm and GCE-PANI/CuOgrn composites exhibited adsorption control at the electrode surface. 

Concentration studies of Trp using GCE-PANI/CuOgrn and GCE-PANI/CuOchm electrodes 

The present study investigates the square wave voltammograms (SVW) recorded at GCE- PANI/CuOchm over the range of 5.11 μM to 
28.85 μM of Trp-concentration as shown in Fig. 5(a). The linear plot of reduction current peaks against Trp-concentration produced in 
0.1 mM of 7.4 pH PB solution is presented in Fig. 5(b). The potential window was adjusted at 0.5 to 1.2 V, with a frequency of 10 Hz, an 
amplitude of 0.01 V, and a potential step of 0.01 V. 

The study reveals that the peak current decreased as the concentration of Trp-increased, indicating an inversely proportional 
relationship between the two. This is attributed to the fact that as the concentration increases, the rate of reaction at the electrode 

Table 2 
Fitted EIS parameters of all the electrodes in Trp.  

Elements Rs (kΩ cm2) Rct (kΩ cm2) CPE1 (µF/cm2) W (µS s0.5/cm2) χ2 

GCE-bare 0.184 (2.99) 21.54 (2.10) 0.32 (1.20) 5.92 (1.65) 0.00038529 
GCE-PANI 0.186 (2.00) 9.79 (5.41) 5.16 (1.56) 13.28 (2.98) 0.00058899 
GCE-CuOchm 0.180 (2.52) 9.56 (3.62) 1.56 (1.61) 9.38 (2.19) 0.00058782 
GCE-CuOgrn 0.194 (2.96) 14.75 (3.55) 0.90 (1.68) 8.44 (2.41) 0.00070901 
GCE-PANI/CuOchm 0.180 (1.49) 12.48 (4.58) 3.61 (1.02) 8.17 (2.03) 0.00027717 
GCE-PANI/CuOgrn 0.185 (2.82) 12.59 (7.61) 3.25 (2.03) 8.24 (3.83) 0.0001064  

Fig. 3. (a) Scan rate of GCE-PANI/CuOchm modified electrode (b) Ipa/Ipc regression plot vs. square root of scan rate, and (c) regression plot of 
current vs. scan rate in 0.4 mM Trp-prepared in 0.1 mM PB (pH 7.4). 
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surface increases. However, the mass transport rate cannot keep up with the increased reaction rate, and the concentration of the Trp- 
at the electrode surface decreases. Consequently, a lower current response is observed even though the concentration of Trp-is 
increased [43]. Since there are two peaks belonging to the Trp-molecule, the linear equations were I = 67.084 – 1.01522 [Trp] and 
I = 14.877 - 0.0975 [Trp], and the regression score were R2 = 0.989 and R2 = 0.993 for Trp-radical cation and 3-hydroxykynurenine, 
respectively. Using Eqs. (1) and (2), LOD was estimated to be 3.947 and 2.037 μM, and the LOQ to be 11.960 and 6.171 μM, 
respectively. 

LOD=
3.3 × standard deviation

Slope
(2)  

LOQ=
10 × Standard deviation

Slope
(3) 

The findings of the SWV at the GCE-PANI/CuOgrn nanocomposite-modified electrode, at various tryptophan (Trp) concentrations, 
are presented in Fig. 6(a). The corresponding linear plot of reduction current peaks versus Trp-concentrations prepared in 0.1 mM PB 
(pH 7.4) is shown in Fig. 6(b). The Trp-concentrations tested ranged between 4.7 µM and 24.35 µM, and the results of Fig. 6(b) indicate 
that there was a linear proportionate relationship between the peak current and the changing concentrations. This relationship 
demonstrates that as the Trp-concentration increased, so did the peak current. The linear regression equation for Trp-radical cation and 
3-hydroxykynurenine, respectively, were I = 108.7737 – 0.6165 [Trp] (R2 = 0.961) and I = 21.72331 + 0.25128 [Trp] (R2 = 0.990). 
The limits of detection (LODs) were 3.434 μM and 2.427 μM, and the limits of quantification (LOQs) were 10.409 μM and 7.354 μM, 
respectively. These values were higher than those of GCE-PANI/CuOchm, indicating that GCE-PANI/CuOchm was a better-modified 
electrode due to its lower detection limit and greater sensitivity for Trp-detection than GCE-PANI/CuOgrn. However, GCE-PANI/ 
CuOgrn managed to detect Trp-at a slightly smaller concentration than GCE-PANI/CuOchm, which explains the smaller differences 
in the linear range concentrations. Both electrodes showed great sensitivity in detecting Trp, but both also had LODs (limits of 

Fig. 4. (a) Scan rate of GCE-PANI/CuOgrn modified electrode (b) Ipa/Ipc regression plot vs. square root of scan rate, and (c) regression plot of 
current vs. scan rate in 0.4 mM Trp-prepared in 0.1 mM PB (pH 7.4). 
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detection) outside of their linear range. This could be due to the saturation of the electrode surface, which was observed in the case of 
GCE-PANI/CuOchm, which was experiencing a mass transfer peak current limit. This limit is related to the diffusion coefficient of the 
analyte and can affect the sensitivity of the system, thus affecting the linear range [31]. PANI/CuO nanomaterials were experiencing 
saturation at the electrode surface, which explains why both had LODs outside of their linear range. Table 3 shows that the reported 
sensors are well comparable with reported sensors in the literature. 

Interference studies: simultaneous detection of Trp, DA, and AA using GCE-PANI/CuOgrn and GCE-PANI/CuOchm modified electrodes 

This study examined the feasibility of using green and chemically modified electrodes to separate Trp-from interfering substances 
such as DA and AA. The reason for using DA and AA is due to the presence of the Trp-radical cation peak at 0.01 V on CV, which DA and 
AA could easily interfere with. DA in this paper is used to determine whether the modified electrode will be able to be sensitive enough 
to differentiate between the Trp-radical cation peak and those of DA and AA, which are very close potential on CV. To achieve this, 
square wave voltammetry was utilized to simultaneously detect the presence of AA, DA, and Trp. The concentrations of AA and DA 
were held constant at 0.4 mM, while Trp-concentrations were raised from 66.7 to 164.7 µM. In Fig. 7(a), for the PANI/CuOchm 
electrode, three distinct peaks were observed at -0.05, 0.23, and 0.8 V, which corresponded to AA, DA, and Trp, respectively. On the 
other hand, for GCE-PANI/CuOgrn electrode (Fig. 8(c)), peaks were observed at -0.05, 0.22, and 0.80 V for AA, DA, and Trp, 
respectively. Both nanomaterials showed selectivity for Trp-because of the presence of the benzene ring and carboxyl group in their 
structure, which DA and AA do not have, which allowed for the formation of π-π interaction with PANI in the composites. In both Fig. 7 
(a) and 8(a), the peak attributed to AA replaced that of the Trp-radical cation, as AA has a higher standard reduction potential of +0.23 
V than that of Trp-radical cation (+0.80 V). This indicates that AA can be oxidized more easily than Trp-radical cation and thus can be 
oxidized at a lower potential, leading to a shift in the peak. The selectivity of PANI/CuO nanocomposite towards Trp-is due to the 
chemical structure of Trp-and the high density of catalytically active sites on the surface of PANI/CuO nanocomposite that resulted 
from the synergetic impact of the composite [44]. PANI/CuO nanocomposite reacted specifically with Trp-via a mechanism called 

Fig. 5. (a) SVW recorded at GCE-PANI/CuOchm electrode over the Trp-concentration range of 5.11 μM to 25.58 μM, and (b) plot of peak currents 
versus concentrations of Trp. 

S.J. Mokole et al.                                                                                                                                                                                                      



Scientific African 24 (2024) e02233

9

surface-assisted L-Trp-oxidation, whereby the highly reactive surface area allowed for a large number of Trp-and the high reactivity of 
CuONP’s ensured the rapid oxidation of Trp [6], while the PANI matrix was stabilizing CuONP’s and improving the selectivity for Trp. 

The observed peaks in Fig. 7(a) and (c) decreased linearly with increasing concentration, and this was confirmed by the plot of 
current versus concentrations in Fig. 7(b), which demonstrated an inverse relationship between concentration and current. In this 
study, both electrodes showed strong anti-interference capabilities, displaying three distinct and sharp peaks at different potentials 
corresponding to different molecules based on the existing literature [45,46]. 

Fig. 6. (a) SVW recorded at GCE-PANI/CuOgrn electrode over the Trp-concentration range of 4.7 μM to 24.35 μM, and (b) plot of peak currents 
versus concentrations of Trp. 

Table 3 
A comparison of previous sensors works with the present study.  

Elements LOD (μM) Linear range (μM) Technique References 

PT-CuO 0.015 0.100 – 0.001 CV [31] 
CPE-ZrO2/CuO/CeO2 7.2 8.6 – 194 DPV and CV [32] 
GCE-MnWO4/RGO 0.0044 0.001 – 120 DPV and CV [33] 
Co-Ni-MOFs/GCE/p-ARG 0.3 1.0 – 7.0 SWV [34] 
Graphite electrode 1.73 5.0 – 150 CV and DPV [35] 
Cs/Ce-MOF 0.14 0.25 – 331 DPV [36] 
2D/2D porous Co3O4/rGO 0.26 1.0 – 800 CV and LSV [37] 
GCE/ZnO 1.49 and 0.94 – CV and LSV [38] 
GCE-PANI/CuOchm 3.9 and 2.0 5.11 -25.85 SWV This work 
GCE-PANI/CuOgrn 3.4 and 2.4 4.7 – 24.35 SWV This work  
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Real sample analysis 

This investigation aimed to evaluate the sensors’ ability in food samples. Using SWV, Trp-detection in pineapple was achieved using 
GCE-PANI/CuOgrn and GCE- PANI/CuOchm electrodes. The findings, outlined in Table 4, reveal that the GCE-PANI/CuOgrn electrode 
exhibited an RSD value of 12.7 (n=3) with recovery percentages ranging from 85 to 103 %, whereas the GCE-PANI/CuOchm electrode 
had a recovery percentage of 96 to 109 % with an RSD value of 18.3 (n=3). The high recovery percentages obtained from both 
electrodes affirm their reliability in detecting Trp. These high recovery values could be attributed to the high concentration of Trp-in 
the fruit and the electrodes’ sensitivity to Trp-detection during sample analysis. 

Conclusion 

The present study reports the successful synthesis of green and chemical PANI/CuO nanocomposites. The electrocatalytic activity, 
selectivity, and current response of both GCE- PANI/CuOgrn and GCE-PANI/CuOchm were found to be robust. The SWV technique was 
employed to detect Trp, and the linear range of detection was 147 μM to 217 μM. The GCE-PANI/CuOgrn electrode exhibited an LOD of 
3.434 and 2.427 μM, while the GCE- PANI/CuOchm electrode showed an LOD of 3.947 and 2.037 μM. Both green and chemical 
nanocomposites Real sample analysis was performed using pineapple fruit, and the GCE-PANI/CuOgrn electrode presented recovery 
percentages ranging from 85 to 103 % with an average RSD value of 17.0 (n=3). On the other hand, the GCE-PANI/CuOchm electrode 
showed recovery percentages ranging from 96 to 109 % with an RSD value of 5.4 (n=3). Notably, our results suggest that GCE-PANI/ 

Fig. 7. SVW of (a) GCE-PANI/CuOchm in 0.4 mM of AA, DA and Trp-prepared in pH 7 PB solution of 0.1 mM, and (b) plot of peak currents versus 
concentrations of Trp. 

Fig. 8. SVW of (a) GCE-PANI/CuOgrn in 0.4 mM of AA, DA and Trp-prepared in pH 7 PB solution of 0.1 mM, and (b) plot of peak currents versus 
concentrations of Trp. 
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CuOchm is more sensitive than GCE-PANI/CuOgrn, making it a suitable candidate for the detection of Trp. 
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