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Abstract 
L-tryptophan is an essential amino acid for human health. Nanofibrillated cel-
lulose (NFC) from marram grass (Ammophila arenaria) extracted from plants 
harvested in the center of Tunisia was used for the first time for the modifica-
tion of a glassy carbon electrode (GCE), for the sensitive detection of L-tryp-
tophan (Trp). After spectroscopic and morphological characterization of the 
extracted NFC, the GC electrode modification was monitored through cyclic 
voltammetry. The NFC-modified electrode exhibited good analytical perfor-
mance in detecting Trp with a wide linear range between 7.5 × 10−4 mM and 
10−2 mM, a detection limit of 0.2 µM, and a high sensitivity of 140.0 µA∙mM−1. 
Additionally, the NFC/GCE showed a good reproducibility, good selectivity 
versus other amino acids, uric acid, ascorbic acid, and good applicability to 
the detection of Trp in urine samples.  
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1. Introduction 

The detection of amino acids is important in different fields of research: medicine, 
food, biotechnology, and wine industries. L-Tryptophan (Trp) whose standard 
chemical name is (2S)-2-amino-3-(1H-indol-3-yl) propanoic acid and the molecu-
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lar formula is C11H12N2O2 (molecular weight: 204.22 g/mole), is an essential amino 
acid with biochemical, nutritional, and medical significance for humans [1]. It is 
important for normal growth in infants and nitrogen balance in adults [2]. L-tryp-
tophan (Trp) is considered a “necessary” amino acid since the body cannot pro-
duce it on its own [3], it can only be obtained through food or supplementation. 
Trp is present in a wide variety of protein-containing foods such as milk, egg, 
poultry, cheese, nuts, bananas, and fish [4]. It is a precursor for niacin, melatonin, 
and serotonin, these molecules being involved in regulating mood [5]. Conse-
quently, it has been reported that abnormal levels of Tryptophan may cause sev-
eral serious diseases including delusions and hallucinations [6]. Furthermore, tak-
ing an overdose of tryptophan induces dizziness, drowsiness, loss of appetite, nau-
sea, and hepatic disease [4]. The World Health Organization (WHO) suggests 
daily consumption of 4 mg/kg of body weight of Trp [4]. Trp is also a biomarker 
of certain diseases; lower concentrations of Trp were observed in plasma from 
patients with Alzheimer’s disease [7], with colorectal and prostate cancer [8]. 
Hence, the sensitive and selective determination of tryptophan is essential in med-
icine and food products. Different analytical techniques are used to determine 
Trp, including high-pressure liquid chromatography [9], chemiluminescence 
[10], capillary electrophoresis [11], and spectroscopic detection [12]. Still, they 
require complicated and expensive equipment, multi-step sample treatment, and 
are time-consuming. As tryptophan is electroactive, a highly sensitive, selective, 
simple, low cost and quick-responding electrochemical method would gain more 
attention. 

However, it is still difficult to measure tryptophan directly at unmodified elec-
trodes due to the slowness of the redox process which leads to high overpotential 
at the electrode [13] [14]. Therefore, fabricating modified electrodes using highly 
conductive and catalytic materials is very important to reduce the overpotential 
and enhance the electrochemical response. For the electrochemical detection of 
Trp, different kinds of synthesized nanomaterials were used to modify the elec-
trodes including metal/metal oxide nanoparticles, conductive polymers, and car-
bon-based nanomaterials [15].  

Because of the availability of natural polymers and their numerous qualities: 
biocompatible, biodegradable, low cost, and nontoxic, they have been used in var-
ious formulations [16]. Different polysaccharides have been used to modify elec-
trodes such as cellulose [17], alginate [18], chitin [19], chitosan [20] and pectin 
[21]. 

Cellulose is the major component—around 35% - 50%—in the lignocellulosic 
biomass, mainly localized in the plant cell wall. It is composed of the linear ho-
mopolysaccharide of b-1,4-linked anhydro-D-glucose units. In cellulose fibers, 
there are some crystalline parts where the chain molecules are orderly packed, 
called nanofibrils. Recently, nanofibrillated cellulose has gained attention in both 
research and industrial areas, due to its attractive properties, such as excellent me-
chanical properties, high surface area, high density of hydroxyl groups for modi-
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fication properties, ionic conductivity, transparency, with 100% environmental 
friendliness. Nanocellulose is a natural nanomaterial that can be extracted from 
the plant cell wall [22]. It exists in a quasi-pure state in the form of cotton seed 
hair, but most often is found combined with other polysaccharides. The nano-
fibrillated cellulose (NFC) was produced by mechanically treating cellulose sus-
pensions through high-pressure homogenizers. The typical cross-section of nan-
ofibrils ranges from 4 to 20 nm depending on their origin [23] [24]. NFC has been 
used for the modification of carbonaceous electrodes, for the sensitive electro-
chemical detection of metal ions [25], and of atrazine [26]. A NFC/RGO nano-
composite has been used for the electrochemical detection of fenitrothion organ-
ophosphorus pesticide [27] and for the detection of p-nitrophenol [28]. 

In this work, the NFC-modified glassy carbon electrode (GCE) was built and 
used for the electrochemical detection of tryptophan, for the first time. The mod-
ification of the GCE was carried out with the encapsulation of NFC in a chitosan 
(CS) film for higher stability and greater detection sensitivity. The electron trans-
fer during the redox reaction of Trp on the CS/NFC-modified GCE was charac-
terized. After the analytical performance of the CS/NFC-modified GCE was de-
termined, it was applied to the detection of Trp in real urine samples. 

2. Experimental 
2.1. Chemicals and Reagents 

K4Fe(CN)6∙3H2O, K3Fe(CN)6, KCl, L-tryptophan, uric acid, ascorbic acid, and chi-
tosan were purchased from Fluka Chemika. TEMPO (2,2,6,6,-tetramethylpiperi-
dine 1-pxyl) was purchased from Sigma-Aldrich. The buffer solution used for all 
experiments was phosphate buffer saline (PBS) containing 137 mM NaCl, 2.7 mM 
KCl, 0.01 M KH2PO4 and 0.01 M K2HPO4, pH 7. All solutions were prepared in 
ultrapure water (resistance 18.2 MW∙cm−1) produced by a Millipore Milli-Q sys-
tem. The NFC material was extracted from marram grass (Ammophila arenaria) 
collected in the central western area of Tunisia (Gafsa). 

2.2. Instrumentation 

Fourier transform infrared (FTIR) spectra (from 4000 to 400 cm−1) were obtained 
using a BX FTIR system spectrometer, Perkin Elmer Company, Waltham, MA, 
USA. KBr pellets technique was used for sample preparation. 

The transmission electron microscope (TEM) image of the extracted NFCs was 
taken using a Jeol 200 CX transmission electron microscope at 80 kV. About 0.5 
µL of diluted suspension of NFC (about 0.1%) was deposited onto a 300 mesh 
carbon-coated grid.  

X-ray diffraction (XRD) patterns were collected by a Bruker diffractometer (D8 
Advance, Germany) with Cu-Kα radiation (λ = 0.1548 nm). 

Electrochemical experiments were carried out using an Autolab (PGSTAT 302 
N, Eco Chemie). All measurements were performed in a dark Faraday cage at 
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room temperature. A conventional three-electrode system consisting of a plati-
num counter-electrode, an Ag/AgCl/KCl as the reference electrode, and a glassy 
carbon electrode (GCE, f 3 mm) as the working electrode was used. Differential 
Pulse Voltammetric (DPV) measurements were carried out at a scan rate of 50 
mV/s with an accumulation time of 20 s. 

2.3. Production of NFC 

By a conventional soda-pulling process and bleaching treatment, the cellulose fi-
bers were extracted from Marram grass, then the fibers were treated by TEMPO-
mediated oxidation to generate carboxyl groups. Oxidation was carried out at pH 
10 following the previously reported method (Jebali et al., 2018). Briefly, 5 g of 
fibers were dispersed in 500 mL sodium phosphate buffer (0.05 mol∙L−1, pH 7) 
containing 25 mg of TEMPO and 250 mg of NaBr. Then 1.13 g of NaCl (80%) and 
2 mol∙L−1 of NaClO were added to the flask in one step and the suspension was 
left under magnetic stirring at 60˚C for 6 h. At the end of the oxidation reaction, 
100 mL of ethanol was added and the obtained modified fibers were filtered. This 
operation was carried out several times with water to remove any salt. Then a sus-
pension of 1.5 wt% of prepared fibers was homogenized in a high-pressure ho-
mogenizer from GEA (NS 1001 L PANDA 2 K-GEA, Italy). After six shear cycles 
(3 × 30 bar; 3 × 600 bar), a thick transparent NFC-COO− gel was obtained [24]. 

2.4. Functionalization of the Glassy Carbon Electrode 

Before the electrode modification, the bare glassy carbon electrode (GCE) was 
polished with 0.5 µm alumina solution. The GCE was then fully rinsed with water 
and sonicated in ethanol and deionized water for 3 min. Next, the GCE was 
scanned in 0.5 M H2SO4, at 50 mV/s for many cycles between −0.2 V and 1.3 V. 

Subsequently, 5 µL of CS (the optimized concentration, 1 mg/mL) solution was 
deposited on the GCE, then 5 µL of NFC (optimized concentration: 1 mg/mL) was 
deposited on the CS/GCE. The obtained CS/NFC modified surface was dried for 
24 hrs at room temperature.  

3. Results and Discussion 
3.1. FTIR Characterization of NFC 

The Fourier transform-infrared spectroscopy (FTIR) spectrum of NFC is illus-
trated in Figure 1 and shows distinct absorption bands. The bands located at 3330 
cm−1 were attributed to O–H stretching vibration. The band at 2906 cm−1 was as-
signed to the aliphatic C–H -stretching vibration and the band at 1660 cm−1 asso-
ciated with the O–H bending vibration of absorbed water. CNF showed a band at 
1614 cm−1, which was likely due to the introduction of carboxylic groups into the 
primary alcohol groups on the surface of cellulose nanofibrils after TEMPO me-
diated oxidation. The characteristic bands of the glucosic ring appear in the 1000 
- 1162 cm−1 region. 
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Figure 1. The Fourier transform-infrared spectroscopy (FTIR) spectrum of NFC. 

3.2. Morphological Characterization of NFC 

The morphological features of CNF were assessed by TEM observation (Figure 
2(a)). Nanosized fibrils with a width distribution centered around 3 - 6 nm are 
observed which is a good indication that the individual fibrils correspond to ele-
mentary cellulose fibrils composed of altered amorphous and crystalline domains. 
The crystalline structure of NFC was confirmed through X-ray diffraction (Figure 
2(b)); a strong peak is observed at 18˚ corresponding to the 002 plane [26]. 
 

  
(a)                                   (b) 

Figure 2. (a) TEM observation of NFC; (b) XRD spectrum of NFC. 

3.3. Electrochemical Characterization of NFC/CS Modified GCE 

The electrochemical behavior of the different modified electrodes was examined 
by cyclic voltammetry (CV). As shown in Figure 3, a pair of reversible and well-
defined redox peaks was observed on the bare GCE, with a ΔEp of 100 mV and an 
intensity ratio of about 1:1 between anodic and cathodic peak currents demon-
strating that the glassy carbon electrode (GCE) has a quasi-reversible electro-
chemical reaction with the [Fe(CN)6]3−/4− couple [26]. The redox currents de-
creased significantly after the GCE was modified with CS/NFC, proving the elec-
trode modification. 
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Figure 3. Cyclic voltammograms of modified and unmodified GCE with NFC and CS in 
0.1 M KCl solution containing 5 mM [Fe(CN)6]3−/4− at scan rate of 50 mV∙s−1. 
 

So, with the integration of NFCs and CS, the synergistic effect then took place 
at this electrochemical platform, leading to increased adsorption of electrochem-
ically active sites, and of the effective electrode area. 

3.4. Electrochemical Behaviour of L-Tryptophan 

To determine the electrochemical behavior of 0.1 mM Trp in phosphate buffer 
solution (pH 7.0) on a GCE, CS/GCE, NFC/GCE, and a CS/NFC/GCE, cyclic volt-
ammetry was investigated. From the electrochemical results shown in Figure 4(a), 
it can be seen that Trp presents only one oxidation peak. No reduction peak was 
observed in the reverse scan, confirming that the electrochemical reaction is an 
irreversible process, in agreement with previous results [29]. As can be seen from 
Figure 4(a), the oxidation peak at the bare GCE appears at 0.75 V, while at the 
CS/NFC/GCE the peak potential shifted negatively to 0.55 V and the peak current 
increased significantly. This observation proves that CS/NFC film can catalyze the 
oxidation of L-Tryptophan. The strong electrostatic attraction between CNF-
COO− (negatively charged) (pie < 2.8) and Trp molecule (pie = 5.89) can explain 
the increase in intensity. The conductive properties of NFC (2 mS/cm [30]) ex-
plain its role in favoring charge transfer. The DPV peaks presented in Figure 4(b) 
confirm the results obtained by cyclic voltammetry. 
 

 

Figure 4. CVs of 0.1 mM of L-Tryptophan on a GCE and a CS/NFCs/GCE at scan rate of 
50 mV∙s−1 (0.01 M phosphate buffer solution (pH 7.0)) (a) and DPV of 0.1 mM of L-Tryp-
tophan on a GCE and CS/NFCs/GCE at 50 mV∙s−1 (0.01 M phosphate buffer solution (pH 
7.0)) (b). 

https://doi.org/10.4236/jst.2024.143003


S. Bourigua et al. 
 

 

DOI: 10.4236/jst.2024.143003 41 Journal of Sensor Technology 
 

3.5. Optimization of the Experimental Conditions for  
Electrochemical Detection 

3.5.1. Effect of pH Value 
By increasing the buffer solution pH from 4.5 to 8.5, the anodic potential gradually 
decreased which confirms the direct participation of protons in the oxidation re-
action of Trp at the CS/NFC/GCE. The anodic peak potential varies linearly with 
pH value, following this equation:  

 2Epa 55.43pH 0.98, 0.996R= − + =  (1) 

The slope (−55.43 mV/pH) is very close to the theoretical value of 59 mV/pH, 
showing an equal number of exchanged electrons and protons during the oxida-
tion process. 

The peak current response of Tryp varied also with the change of pH and the 
maximum peak current is at pH 7.0 (Figure 5); for pH higher than 7 the attrac-
tivity between Trp (pie 5.89) and NFC decreases. Subsequently, pH 7.0 was con-
sidered as the optimal electrolyte solution for the determination of L-Trp. 
 

 

Figure 5. Effect of pH on peak current of 0.1 mM of L-Tryptophan at CS/NFCs/GCE (0.01 
M phosphate buffer solution (pH 7.0)). 

3.5.2. Effect of Scan Rate 
CVs of 0.1 mM L-Trp at the CS/NFC/GCE, with various scan rates (20 to 500 
mV∙s−1) were investigated. As shown in Figure 6, the oxidation peak current for 
L-Tryptophan increases as the scan rate increases, suggesting that the electrocat-
alytic oxidation of L-Tryptophan at the CS/NFC modified GCE was a typical ad-
sorption-controlled process. The linear relation between the oxidation peak in-
tensity and the scan rate is the following one: 

 ( ) ( )1 2Ipa A 2.19 0.011 mV s , 0.991v R−µ = + ⋅ =  (2) 
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Figure 6. Effect of scan rate: overlay of cyclic voltammogram for oxidation of L-Trp at 
different scan rates. 
 

In addition, the oxidation peak potentials shift positively as the scan rate in-
creases. So, 50 mV/s is employed as the optimal scan rate in the following experi-
ments. The plot of peak current vs. square root of scan rate (v1/2) is linear over the 
whole studied range of scan rate, indicating that the electro-oxidation of Trp at 
the CS/NFC/GCE was a typical diffusion-controlled process, and the equation can 
be expressed as: 

 ( ) 1 2 2Ipa A 0.35 0.012, 0.994v Rµ = + =  (3) 

Moreover, the relationship between log (ipa) and log of the scan rate was found 
to be linear. 

 ( ) 2log ipa A 0.47log 0.39, 0.990v Rµ = − =  (4) 

given a slope of 0.47 which is in agreement with the theoretical value of 0.5 for a 
diffusion-controlled process. 

The number of electrons involved in the oxidation of tryptophan was calculated 
using the equation : 

 ipa 4nFQv RT=  (5) 

where ipa denotes the anodic peak current, Q denotes the amount of the inte-
grated charge from the area of the voltammetric peak, F is the Faraday constant 
(96,500 C/mol), T denotes the temperature (298 K), R is the gas constant (8.314 
J∙mol−1) and n is the number of transferred electrons. From the slope of ip versus 
v, the number of electrons transferred in the oxidation of L-Trp was calculated to 
be 1.66. Consequently, the oxidation process of L-Trp involves two electrons and 
two protons, and the oxidation reaction of Trp is irreversible.  

The anodic peak potential (Epa) versus the logarithm of the scan rate (logv) is 
a linear relationship: 
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 2Epa 0.044log 0.54, 0.991v R= + =  (6) 

Based on Laviron’s relation [31], the linear plot of Epa versus logv reaches a 
slope of (2.3RT/αnF), which is equal to 0.044; the value of αn is calculated to be 
1.34. According to Equation (7), the calculated α is 0.67. 

 ( )47.7 Epa Epa/2α = −  (7) 

where Epa and Epa/2 represent the formal potential and half of the formal poten-
tial value respectively. 

3.6. Electrochemical Determination of L-Tryptophan 

The electrochemical performance of Trp was investigated by Differential Pulse 
Voltammetry (DPV) on bare GCE and two modified electrodes: NFC/GCE and 
CS/NFC/GCE in PBS (pH 7.0) at 50 mV/s. Figure 7(a) displays the DPV signal 
for different concentrations of Trp at the bare GCE. The oxidation peak current 
was observed at 0.75 V. The peak current response of the electrochemical sensor 
presents a linear variation with the concentration of L-Tryptophan, over the range 
from 5 × 10−4 to 10−2 mM, with a sensitivity of 8.15 µA∙mM−1. 
 

        
(a)                                               (b) 

    
(c)                                            (d) 

Figure 7. DPV detection of L-tryptophan in the concentration range from 7.5 × 10−4 to 10−2 mM, on bare GCE (a), 
on NFCs/GCE (b), on CS/NFCs/GCE (c) in 0.01 M phosphate buffer solution (pH 7.0), scan rate 50 mV/s and 
calibration curves of L-Tryptophan (d) at bare GCE (black line), at NFCs/GCE (red line) and at CS/NFCs/GCE 
(blue line). Experimental conditions: 0.01 M phosphate buffer solution (pH 7.0), scan rate 50 mV/s. 
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Figure 7(b) shows the DPV for different concentrations of Trp at the NFCs-
modified GCE; The corresponding peak current at 0.64 V of L-Trp increases pro-
portionally with the increase in concentration of L-Trp. The plot of the oxidation 
peak current versus concentration exhibits good linearity in the range of 7.5 × 10−4 
mM to 10−2 mM with a sensitivity of 33.14 µA∙mM−1. A detection limit of 0.75 µM 
was obtained. 

Figure 7(c) shows the DPV for different concentrations of Trp at the CS/NFCs 
modified GCE in the range of 4 × 10−4 mM to 10−2 mM; it was found that the 
anodic peak current shifts to the negative side and appeared at 0.55 V with an 
improved anodic peak response. The DPV curves clearly show that CS/NFC/GCE 
displays a proportionally increasing current response with increasing L-Trp con-
centration. The corresponding sensitivity of 140.0 µM∙mM−1 is three times higher 
than the sensitivity of the NFC/GCE and a lower detection limit of 0.2 µM was 
obtained. 

Figure 7(d) shows the plots of the L-Trp oxidation peak current versus L-Trp 
concentration on bare GCE, NFC/GCE, and CS/NFC/GCE. The excellent electro-
chemical sensing property was attributed to the CS/NFC film. The RSD on the 
measurements was 1%. 

Furthermore, the analytical parameters of the proposed green nanocomposite 
CS/NFC were compared with the other modified electrodes, and the values are 
listed in Table 1. In comparison, our proposed sensor exhibits excellent electro-
catalytic activity for the electrochemical determination of Trp: the lowest potential 
value was required for the Trp oxidation and the higher sensitivity was obtained.  
 

Table 1. Comparison of CS/NFCs/GCE sensor with other reported electrochemical sensors for the determination of L-Tryptophan. 

Modified Electrode Potential 
Limit of detection 

(μM) 
Linear range 

(μM) 
Sensitivity 
(μA/mM) 

References 

poly(L-Methionine)/3 Graph (a) (d) 0.76 vs. SCE 0.017 0.2 - 150 23.4 [32] 

MnWO4 nanoplates encapsulated RGO 
nanocomposite (a) (d) 

0.72 vs. Ag/AgCl 0.004 0.001 - 120 43.3 [3] 

Poly(glycine) modified carbon nanotube 
paste electrode (b) (d) 

 0.42 20 - 100  [33] 

Graphite electrode from waste batteries (c) (d) 0.75 V vs. SCE 1.73 5 - 150 32.4 [34] 

Ni-ZIF-8/N S-CNTs/CS (a) (d) 0.72 0.69 5 - 850 12.2 [35] 

Ta2O5-rGO (a) € 0.7 V vs. SCE 0.84 1- - [36] 

3-neomenthylindene (b) (d) 0.79 V vs. Ag/AgCl  8 - 80 - [37] 

rGO-PTCA-chitosan (a) (d) 0.8 V vs. SCE 1.2 1000 - 10,000 62.19 [38] 

MWCNTs-CTAB (a) (d) nanocomposite-modified 0.85 V vs. Ag/AgCl 1.6 4.9 - 64.1 - [39] 

Pectin (a) 0.65 V vs. Ag/AgCl 0.09 0.09 - 20 90.15 [21] 

Chitosan/Nanofibrillated cellulose (a) 0.55 V vs. Ag/AgCl 0.2 0.75 - 100 111.36 This work 

(a) GCE, (b) CPE, (c) graphite electrode, (d) DPV, (e) GC. 
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The stability of the modified electrode was studied by investigating the oxida-
tion current of 0.1 mM of L-Trp in pH 7.0 PBS after storage in a refrigerator at 
4˚C for one month; the catalytic current response was maintained at 91.3% of its 
initial value after one month. 

The repeatability of the CS/NFCs/GCE was estimated by measuring the current 
response of 0.1 mM L-Trp for 4 modified electrodes. The relative standard devia-
tion (RSD) was 2.6% (n = 4). 

3.7. Interference Study 

To testify to the selectivity of the sensor, an interference experiment was carried 
out by recording the electrochemical responses of 0.1 mM Trp on the CS/NFCs/ 
GCE in the electrochemical cell in the presence of potential interfering substances. 
Several amino acids including leucine, isoleucine, proline, lysine, aspartic acid, 
valine, and glutamine were used to examine the interference with L-Trp; no sig-
nificant change in the Trp peak current in the presence of these interfering amino 
acids was found.  

Figure 8 shows the simultaneous detection of Trp with two kinds of important 
biological substances: ascorbic acid (AA) and uric acid (UA). There were no sig-
nificant changes in the Trp current peak in the presence of these interfering sub-
stances. Based on these results, the CS/NFCs/GCE showed good selectivity for L-
Tryptophan determination. 
 

 

Figure 8. (a) detection of 0.2 mM of L-tryptophan on CS/NFCs/GCE (b) simultaneous 
detection of 0.2 mM ascorbic acid (AA), 0.1 mM uric acid (UA) and 0.2 mM tryptophan 
(Trp) on CS/NFC/GCE in 0.01 M phosphate buffer solution (pH 7.0), scan rate 50 mV/s. 

3.8. Analysis of Urine Sample 

A CS/NFC modified glassy carbon electrode was used to detect Trp in human 
urine samples. The real samples were collected from healthy volunteer patients 
with informed consent from the volunteers based on the Declaration of Helsinki. 
These samples were diluted 100 times with 0.1 phosphate buffer solution (pH7) 
without any treatment. The standard addition method was applied, so different 
concentrations of L-Trp were added to the previously diluted human urine. Fig-
ure 9 shows the DPV of L-Trp in the concentration range from 8 × 10−3 mM to 12 
× 10−3 mM on CS/NFC/GCE, current peaks were observed at 0.55 V. 
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Figure 9. DPV detection of L-tryptophan in human urine sample. Experimental condi-
tions: 0.01 M phosphate buffer solution (pH 7.0), scan rate 50 mV/s. 
 

The equation of the linear relationship between the current and the concentra-
tion of L-Trp, in the diluted human urine is: y = 140.0x + 1.02. The detected con-
centration of L-Tryptophan was 7.3 × 10−3 mM (149.1 mg/L). As reported in the 
literature, the normal range for L-Tryptophan in human urine is 137 - 240 mg/L. 
The detected value is included in the normal concentration range [40]. Conse-
quently, the obtained results demonstrated that the developed sensing NFC ma-
trix can present a suitable applicability to biological fluids. 

4. Conclusion 

A stable, sensitive, and selective electrochemical sensor based on nanofibrillated 
cellulose was successfully developed and applied to the detection of L-Trypto-
phan. The CS/NFC/GCE exhibited superior electrocatalytic activity and high sen-
sitivity due to the large surface area and conductivity of cellulose nanofibrils. Us-
ing the chitosan/nanofibrillated cellulose composite leads to higher detection sen-
sitivity compared to that of synthesized nanomaterials-based sensors. Further-
more, the practical feasibility of the green composite-based sensor for biological 
fluids was demonstrated in human urine samples. This biosensor could be used 
for the detection of L-Tryptophan in other biological fluids such as saliva and 
blood serum. 
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