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This study presents the preparation and electrochemical evaluation of a novel caffeine-infused nanofabric designed for controlled topical 

delivery. The caffeine-infused PVA nanofabric was prepared using electrospinning technique and characterized by spectral and analytical 

methods. The nanofabric was formulated to gradually release caffeine upon wetting and the release profile was monitored at different 

time intervals. Quantification of the released caffeine was carried out using linear sweep voltammetry (LSV), employing both a bare 

glassy carbon electrode (GCE) and a modified GCE (MGCE) fabricated by electrospinning a nanocomposite of polyvinyl alcohol (PVA), 

Multiwalled carbon nanotubes (MWCNT) and graphene oxide (GO). Calibration curves using standard caffeine solutions demonstrated 

excellent linearity for both electrodes, with enhanced sensitivity, especially observed in MGCE (R2 = 0.999) compared to the GCE (R2 = 

0.997). The modified electrode also exhibited lower limits of detection (LOD = 0.042 mg/mL) and quantification (LOQ = 0.139 mg/mL), 

confirming its superior analytical performance. Cyclic voltammetry (CV) at varying scan rates revealed a purely diffusion-controlled 

process for GCE, while the modified electrode indicated a mixed diffusion-adsorption mechanism. The maximum release of caffeine from 

the wipe was achieved at 30 min, establishing its efficiency as a sustained-release skincare application. This work also highlights the 

potential of combining electrospun nanofiber-modified electrodes with electrochemical techniques for evaluating the performance of face 

wipe fabric. 
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INTRODUCTION 

 Among the diverse branches of the global textile industry, 

medical textiles are emerging as a rapidly expanding and 

highly dynamic sector [1]. Products like surgical coverings, 

drapes, clothing, blankets, sheets, incontinence diapers, wipes 

and other items fall within the significant category of medical 

textiles known as healthcare and hygiene products [2]. Wipes, 

categorized under medical textiles, are single-use cloths 

infused with cleaning agents and commonly used for personal 

hygiene. Wipes are widely used for facials, infant care and 

other personal hygiene purposes due to their comfort and ease 

of use. They are commonly manufactured from fibers such as 

polyester, polyethylene, cotton, viscose, etc. and are avail-

able commercially in both disposable and flushable forms 

[3,4]. Wipes are categorized as two types, namely wet and dry 

wipes, are disposable cleansing products, their moisture content 

and usual applications vary. While wet wipes are pre-moistened 

with cleaning agents, alcohol, fragrance, etc. [5]. Dry wipes 
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offer flexible use, whether dry or dampened with water or 

cleaning agents [6]. Prepared from cotton, paper or non-woven 

fabrics, they are commonly employed for cleaning, dusting, 

and medical purposes. However, a significant drawback is that 

the synthetic fibres are not biodegradable and cause contami-

nation from microplastics. Furthermore, the finishing chemicals 

may be rough on the skin, resulting in inflammation, aller-

gies, etc. [7]. 

 Like any other industry, the cosmetics sector is highly 

diversified in order to meet customer needs for well-main-

tained personal care goods and to enhance quality. Nano-

materials have been used into a greater range of cosmetic goods 

[8], including sunscreen creams [9], anti-aging creams [10], 

hair products [11], facial masks [12] and lipsticks [13]. A lot 

of focus has been placed on creating face masks or membranes 

that can release skincare products in the burgeoning field of 

electrospun nanofiber cosmetics [14,15]. Using synthetic poly-

mers like polyvinyl alcohol [16], polyvinyl pyrolidone (PVP) 

[17] and polyethylene oxide [18] as well as polymer solutions 
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like cellulose acetate [19], chitosan [20] and hyaluronic acid 

[21], electrospinning is an inexpensive and adaptable method 

[22] for creating nanofibers for various cosmetic applications. 

The ability to use any active chemicals of interest when crea-

ting the fibrous mat is the primary benefit of the electrospin-

ning approach. Moreover, electrospun fiber masks are effective 

at releasing active chemicals, don’t require preservatives and 

can be packaged as dry sheets [23]. They must only be wetted 

at the appropriate moment in order to release active chemicals 

[24]. These have mostly been used to release substances for skin 

healing [25], therapy and cleansing [26] because of their capa-

city to facilitate improved contact with the skin, facilitating a 

deeper penetration of the active agent [27]. Using the electro-

spinning technique, researchers developed a nanofibrous face 

wipe incorporating biocompatible PVA infused with matcha 

green tea extract. PVA, a low-cost synthetic amphiphilic poly-

mer, is widely utilized in various applications including cosm-

etic formulations due to its hydrophilic nature, biocompatib-

ility, biodegradability and non-toxicity [28,29]. A study reported 

the use of PVA as a secondary material in the production of 

wipes, where 2% to 10% by weight of untreated, water-soluble 

PVA fibers were heat-bonded to a matrix of absorbent fibers. 

This process resulted in a nonwoven fabric that is absorbent, 

flushable, biodegradable, and medically safe, with PVA acting 

as the binding component. The resulting material is well-suited 

for various applications, including wraps, wipes, absorbent pads, 

and other healthcare-related products. Low quantities of PVA 

fibers give softness and provides adequate wet strength [30]. 

 Caffeine is a natural stimulant commonly found in tea, 

coffee, cola, chocolate and energy drinks. Among the beverages, 

matcha tea contains relatively high amount of caffeine comp-

ared to other teas [31-33]. It belongs to a class of compounds 

called xanthine and is best known for its stability. Caffeine 

has several benefits for the skin which is why its common 

ingredient in skincare products. It is proved that caffeine can 

reduce the puffiness and dark circles by constricts blood 

vessels [34]. Also, it soothes the inflammation by act as an anti-

inflammatory agent that can reduce irritated skin and acne [35]. 

It is having antioxidants protect skin from damage caused by 

free radicals and environmental factors like UV rays and poll-

ution [36]. It is well-known for slow down the aging process 

by erasing the signs like fine lines and wrinkles [37]. In recent 

years, caffeine has garnered significant interest in the field of 

dermatology and skincare, particularly for its potential role in 

enhancing skin appearance, reducing puffiness and combating 

signs of aging. As a result, there has been an increasing dem-

and for caffeine-based topical formulations such as creams, 

gels and face wipes. Caffeine can provide a firmer toned skin 

appearance by increasing the blood flow and give a tempo-

rary clean and glowing skin texture [38]. It helps to regulate 

the oil production on skin which help people with sensitive 

acne prone skin. Most of the cosmetic and skin care products 

like creams, serum and eye-creams contain caffeine as a com-

ponent functioning as a rejuvenation of skin and eyes [39]. 

Simultaneously, accurate detection and quantification of caff-

eine released from such systems are essential for understand-

ding release kinetics and ensuring formulation efficacy. The 

electrochemical sensing offers a rapid, sensitive and cost-

effective method for caffeine detection. Glassy carbon elect-

rodes (GCE) are commonly used in electrochemical sensors 

due to their wide potential window, low background current 

and chemical inertness. To improve the sensitivity and signal 

response of the electrode, surface modification with nano-

materials such as carbon nanotubes (CNT) and graphene oxide 

(GO) has proven effective due to their high conductivity, 

surface area and synergistic interactions with analytes [40]. 

 The majority of wipes that are widely used and sold com-

mercially nowadays are composed of synthetic fibres that 

have been moistened with chemicals. To get beyond this eco-

friendly herbal completed wipes are the best option. This article 

addresses the impacts and application of sustainable face 

wipe using biodegradable materials and herbal compounds. 

Some brands are flushable wipes that break down in water, 

but very few contain biodegradable fibres. Pure herbal extract 

finished wet wipes are still in the research stage and not yet 

on the market. For the benefit of present and future consu-

mers, manufacturers and customers alike must be aware of 

the need for sustainable wipes. In this work, a GCE was used 

for electrochemical quantification of caffeine released from 

the PVA-based face wipe and its performance was compared 

with that of a modified electrode. This integrated approach 

not only explores the development of a caffeine-loaded elect-

rospun face wipe but also presents a robust and comparative 

electrochemical analysis using bare and modified electrodes. 

The study demonstrates the feasibility of using such a sensor 

platform for evaluating the release profile and detecting low 

concentrations of caffeine in topical delivery systems. 

EXPERIMENTAL 

 Caffeine (≥ 99% purity), potassium chloride (KCl), poly-

vinyl alcohol (PVA), carbon nanotubes (CNT) and graphene 

oxide (GO) were procured from SRL Pvt. Ltd. All aqueous 

solutions were prepared using double-distilled water. Comm-

ercial matcha green tea powder was purchased from the local 

distributor of Goa state, India.  

 Preparation of caffeine from tea extract: In a hot 100 

mL of deionized water, 10 g of tea powder was added and boiled 

for 15 min. The mixture was filtered and the extract was cooled 

to room temperature. Then 2.5 g of Na2CO3 was added and 

stirred until fully dissolved. The solution was further cooled 

in an ice bath and transferred to a 250 mL separating funnel. 

It was then extracted with 20 mL of dichloromethane (DCM). 

After phase separation, the lower organic layer was collected 

into a clean beaker, ensuring no aqueous or emulsified material 

was included. The extraction was repeated twice using fresh 

20 mL portions of DCM, and all organic layers were comb-

ined. The final extract appeared clear and colourless. 

 Electrospinning of face wipe fabric: Stirred PVA (8 wt.%) 

in deionized water at 45 ºC for 1 h on a magnetic stirrer 

followed by the addition of 10 mL of extracted caffeine with 

PVA solution. The prepared PVA/caffeine solution was then 

loaded into a 5 mL plastic syringe. A voltage of 15 kV, with 

a tip-collector distance of 12 cm was applied to the spinning 

solution and fibers were collected on a drum collector with 

rotation of 300 rpm for 15 min at 0.9 mL/h flow rate. 

 Modification of glassy carbon electrode (GCE): The 

GCE was modified by electrospinning of a nanocomposite 
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PVA solution. For this, 0.5 mg of MWCNTs and 0.5 mg of GO 

were dispersed in 2 mL of 7 wt.% PVA solution. The mixture 

was sonicated to achieve uniform dispersion. Electrospinning 

was carried out for 10 min at an applied voltage of 15 kV, a 

flow rate of 0.9 mL/h and a collector rotation speed of 300 rpm 

and nanofibers were collected on the glassy carbon electrode. 

 Electrochemical analysis: All electrochemical experiments 

were performed using a three-electrode system comprising 

the bare or MGCE as the working electrode, a platinum wire 

as counter electrode and an Ag/AgCl electrode as reference. 

The linear sweep voltammetry (LSV) was employed for quan-

tification, while CV was conducted at scan rates ranging from 

10 to 200 mV/s to determine the nature of the electrochemical 

process (diffusion or adsorption controlled). The reaction beha-

viour was confirmed by plotting peak current (Ip) vs. square 

root of scan rate (1/2) and log Ip vs. log. 

  Characterization: The Fourier transform infrared (FTIR) 

spectrum of face wipe fabric was recorded on a Shimadzu 

FT-IR-157 spectrometer. The X-ray diffraction (XRD) patterns 

were recorded in reflection mode in the angle range (2θ) on a 

Rigaku Miniflex 600 diffractometer using CuK source. The 

electron microscopic images of nanofibers were recorded using 

a Carl-Zeiss field emission scanning electron microscope 

(FE-SEM). The differential scanning calorimetric (DSC) and 

thermogravimetric analysis (TGA) of the face wipe fabric 

was carried out on the Perkin-Elmer STA600 Thermal anal-

yzer. The tensile properties of the fabric were determined using 

a Universal testing machine (UTM) ASI-AMT-2BC followed 

by the ASTM D882 procedure.  

 Water uptake test: Following a previously described 

protocol with a small modification [41], the water absorption 

test and solubility test were carried out. The fabrics were divi-

ded into five sections of 10 mm × 30 mm. The desiccator was 

used to keep the dry samples prior to testing. The amount of 

water absorbed was determined by placing each dried film in 

a separate 70 mL of Milli-Q water in a beaker while swirling 

continuously for 1 h at 25 ºC. Using filter paper, the samples 

were collected and dried. Once the water had been comple-

tely removed from the film surface, it was weighed once again. 

The following formula was used to obtain the average value 

of water uptake: 

  s d

d

W W
Water uptake (%) 100

W

−
=    (1) 

where Ws is the weight of swollen sample; and Wd is the weight 

of dried sample. 

 Solubility test: For the purpose of measuring solubility, 

the face wipe fabric was sliced into 10 mm × 30 mm dimen-

sions and dried in a hot air oven. Separately, the dried fabrics 

were dipped into a beaker containing 70 mL of Milli-Q water 

and swirled for 1 h at 25 ºC. The excess water of the swelled 

film was removed with the help of filter paper after the film 

had been continuously stirred and weight was recorded. The 

film samples were fully dried in a hot air oven until reached 

a constant weight. The solubility of each film was calculated 

using eqn. 2; data was collected in triplicate [42].  

  i f

i

W W
Solubility (%) 100

W

−
=   (2) 

where Wi is the initial dry weight; and Wf is the final dry weight 

Electrochemical study 

 Preparation of standard caffeine solutions: A stock 

solution of caffeine (10 mg/mL) was prepared by dissolving 

1000 mg of pure caffeine in 100 mL of distilled water. From 

this stock, standard solutions of concentrations 0, 0.5, 1.0, 

1.5, 2.0, 3.0 and 5.0 mg/mL were prepared by appropriate 

dilution. Each of these solutions was mixed with 0.1 M KCl 

to maintain a constant ionic strength and the total volume was 

adjusted to 10 mL in each case. The LSV measurements were 

performed using a GCE to obtain the calibration data. 

 Release study from caffeine-impregnated face wipe: 

Caffeine-impregnated face wipes were soaked in 10 mL of 

distilled water and samples were collected at intervals of 5, 

10, 15, 20, 25 and 30 min. Each sample was then mixed with 

0.1 M KCl before LSV analysis using both bare and modified 

GCEs. The peak current data were compared with the calibra-

tion curve to quantify the caffeine released at each time point. 

RESULTS AND DISCUSSION 

 Morphological and structural studies: A dense, inter-

connected fibrous network was observed (Fig. 1a), with notice-

able bead-like formations distributed across the fiber surface. 

These bead structures are typically indicative of rapid solvent 

evaporation and a reflect localized accumulation of MWCNT 

/GO within the fibers [40,43]. The nanofibers exhibited an 

entangled structure with a relatively uniform fiber distribution, 

contributing to a high surface area matrix. At higher magni-

fication (Fig. 1b), smooth and continuous fiber strands were 

evident, with diameters in the nanometer to submicron range. 

The incorporation of MWCNT and GO within the PVA matrix 

was inferred from morphological variations and surface 

texture changes, though not visually isolated due to their nano-

scale dispersion. The porous structure and high surface rough-

ness of the electrospun mat are expected to enhance electron 

transfer and facilitate greater analyte interaction during electro-

chemical sensing [44]. Fig. 1c presents a higher magnification 

image, showing smooth fiber surfaces with consistent diameter 

throughout the field of view. The fibers appear well-separated, 

without signs of fusing or fiber flattening. Fig. 1d depicted the 

face wipe fabric morphology, where the diameter measurements 

of individual fibers showed a relatively narrow diameter dis-

tribution and the diameters obtained as 163.84 nm. Moreover, 

the presence of uniform pore spaces between the fibers may 

contribute to enhanced diffusion, breathability or active 

compound release in functional applications [45]. The images 

(Fig. 1c-d) further validate the homogeneity of fiber diameter 

and the absence of structural discontinuities. The intercon-

nected fiber matrix suggests good mechanical integrity, while 

the surface smoothness and lack of agglomeration confirm 

effective dispersion of active agents (such as caffeine) within 

the matrix. The overall fabric condition appears stable and 

free from defects like fiber fusion or breakage, supporting the 

suitability of the fabric [46,47]. 

 From Fig. 2a, the nanofibrous layer coated on the GCE 

electrode exhibited a semi-crystalline structure, as evidenced 

by a distinct diffraction peak observed at 2θ = 19.5º, which 
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corresponds to PVA [48]. The incorporation of MWCNT and 

GO did not alter this peak, indicating that their addition did 

not influence the crystalline behaviour of the polymer. No 

additional diffraction peaks corresponding to MWCNT or GO 

were detected, suggesting their uniform distribution within 

the polymer matrix. The absence of characteristic peaks for 

both MWCNT and GO may be attributed to their effective 

dispersion across the nanofibers, as well as their low concen-

tration in the composite formulation [49,50]. Also, the XRD 

pattern of face wipe fabric shown a broad diffraction peak at 

19.58º. The broadening of the peaks is due to the amorphous 

nature of polyvinyl alcohol. An additional weak peak around 

43º indicating the minor crystalline order of the polymer in 

it. The peaks correspond to the crystalline caffeine are 2θ = 14. 

18º, 28.8º confirms the identity and purity of sample [50,51].  

 FTIR spectra: The FTIR spectra in Fig. 2b exhibited a 

strong broad band at ~ 3274 cm–1 attributed to O–H stretching 

vibration of the hydroxy group and at 2936 cm–1, given asym-

metric stretching vibration of CH2 present in PVA. Also, the 

peaks at 1652 cm–1 correspond to the C=O carbonyl stret-

ching and the peaks at 1417 and 1321.83 cm–1 corresponds to 

C–H bending vibration of CH2 and C–H deformation vibrat-

ion respectively. The peak at 1648 cm–1 indicating the carbonyl 

(C=O) stretching and the other peak 1088 cm–1 represents C–O 

stretching of acetyl groups and peak at 838 cm−1 indicate the 

presence of C-C stretching vibration [52-54]. In the spectrum 

of the face wipe fabric, characteristic caffeine peaks such as 

the C=O stretching band around 1700 cm–1 were not distinctly 

observed. In the spectrum, weak peaks were observed at 1581 

cm–1 and 1238 cm–1 is attributed to the C=N/C=C stretching 

vibrations and C–N stretching vibrations of xanthine groups 

present in caffeine respectively [55,56]. Its appearance in the 

composite, despite the low caffeine content, also supports the 

incorporation of caffeine into the PVA matrix. Since, the 

caffeine was incorporated at a relatively small weight percen-

tage compared to the PVA matrix, its vibrational signals may 

have been overlapped by dominant PVA bands. Moreover, at 

low loadings, weak signals from caffeine are often masked or 

merged within the broader polymer peaks. Despite the absence 

of clear caffeine peaks, the observed shift in the O–H stret-

ching band from 3300 to 3274 cm–1 suggests intermolecular 

hydrogen bonding interactions, indicating the incorporation of 

caffeine into the polymer matrix. 

 Mechanical and solubility: Tensile testing was conduc-

ted and the material exhibited a peak force of 12.25 N corresp-

onding to a tensile strength of 12.25 MPa as shown in Fig. 3. 

The elongation at peak load was measured as 1.949 mm, which 

corresponds to an overall elongation of 2.48%, indicating  

 

Fig. 1. SEM images of (a,b) the MGCE surface coated with the nanofiber, (c,d) Face wipe fabric surface under different scale bars 
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Fig. 3. Stress-strain curve of the electrospun face wipe fabric 

 

limited ductility. From the linear region of the stress-strain 

curve, the Young’s modulus was estimated to be 503 MPa, 

reflecting moderate stiffness. These results suggest that the 

fabricated nanofiber mat possesses sufficient tensile strength 

and rigidity, making it potentially suitable for applications 

requiring dimensional stability and mechanical durability 

[57,58]. 

 The solubility of the PVA-caffeine composite matrix was 

determined to be 10.8%, indicating a high degree of structural 

stability in aqueous environments. This low solubility is a desi-

rable characteristic for facial wipe applications, as it ensures 

that the wipe retains its mechanical integrity during storage and 

usage without premature disintegration. The limited solubility 

suggests that the PVA matrix maintains a stable polymeric 

network, preventing rapid dissolution upon contact with mois-

ture. This property is crucial for prolonged shelf-life and user 

experience, as the wipe remains intact when wetted. The water 

absorption capacity of the wipe material was found to be 340%, 

demonstrating its exceptional moisture retention capability. 

This high degree of swelling is indicative of a highly porous 

and hydrophilic polymeric network, which is essential for effi-

cient hydration delivery in skincare applications. The hydra-

tion ensures that the wipe remains sufficiently moist through-

out application and the polymer matrix can act as a reservoir 

for caffeine, facilitating its gradual diffusion into the skin 

rather than an abrupt release. The interconnected porous struc-

ture of the material allows for rapid water penetration while 

maintaining structural coherence, ensuring uniform caffeine 

distribution [59-62]. 

 Electrochemical behaviour: The calibration curves for 

caffeine detection using both bare GCE and MGCE elect-

rodes across a concentration range of 0-5 mg/mL is shown in 

Fig. 4. The corresponding peak current responses show a 

strong linear relationship with increasing caffeine concen-

tration in both electrodes. The linear equations and R2 values 

obtained were: For bare GCE: Ip = 2.729x + 1.457, R2 =  

 

 
Fig. 4. Calibration plots for caffeine detection of bare GCE and MGCE 

 

Fig. 2. (a) XRD spectra of MGCE surface coated nanofibers and face wipe fabric, (b) FTIR spectrum of face wipe fabric 
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0.997; and for modified GCE: Ip = 4.28x + 1.995, R2 = 0.999, 

where Ip is peak current and R is coefficient of determination. 

These results clearly indicate that the MGCE exhibits a higher 

slope, a greater current response per unit increase in caffeine 

concentration. The reason is attributed to the enhanced surface 

area and conductivity provided by the conductive particles 

present in the electrospun nanofibers, which facilitated better 

electron transfer kinetics and analyte interaction [63].  

 Fig. 5 presents a bar diagram comparing caffeine con-

centrations (mg) released at various time intervals (5-30 min) 

using GCE and MGCE electrodes. The data show a steady 

increase in caffeine release over time, indicating a controlled 

and sustained release from the face wipe matrix into water. 

This sustained release behaviour is particularly important for 

skincare applications, where prolonged exposure ensures 

effective absorption. The MGCE consistently yielded higher 

caffeine concentrations across all time points compared to the 

GCE. These results suggest that the modified electrode exhibits 

enhanced sensitivity and more efficient caffeine detection. The 

clearer observation of the caffeine release profile over time 

further confirms its superior capability in tracking gradual 

concentration changes. 

 

 
Fig. 5. Comparative bar chart showing the amount of caffeine (mg) at 

different time intervals using GCE and MGCE 

 

 The peak current values obtained from the LSV measure-

ments of face wipe sample solutions recorded at different time 

intervals using both GCE and MGCE electrodes depicted in 

Fig. 6. The GCE detected a total caffeine release increasing 

from 1.593 A at 5 min to 4.091 A at 30 min. The MGCE, 

however, exhibited a more responsive behaviour, starting at 

2.46 A and reaching 6.14 A at 30 min. These current incre-

ments directly correlate with increasing caffeine concentrations 

released into the medium, thus validating the slow-release 

characteristic of the face wipe over the 30 min period. The 

consistent rise in current (due to caffeine content) with time 

also proves that the face wipe is not releasing all the caffeine 

at once, but instead offering a time-dependent release profile, 

which is essential for formulations aimed at sustained skin-

care applications. From Fig. 5, it is clear that the maximum 

release was observed around the 30 min mark, identifying 

this time point as optimal for effective release from the wipe.  

 
Fig. 6. Time-dependent caffeine release profile and peak current variation 

plots of GCE and MGCE 

 

 To assess the sensitivity and practical applicability of the 

electrochemical method for caffeine detection, the limit of 

detection (LOD) and limit of quantification (LOQ) were cal-

culated for both the GCE and the MGCE. These parameters 

were determined using the standard deviation (σ) of blank 

measurements (n = 5) and the slope (S) of the calibration 

curves based on the following equations:  

  LOD = 3.3 × (σ/S) (3) 

  LOQ = 10 × (σ/S) (4) 

For the GCE, the standard deviation of the blank sample 

was found to be 0.1233 A and the slope of the calibration curve 

was 2.729. Accordingly, the LOD and LOQ were calculated 

as 0.1356 mg/mL and 0.452 mg/mL, respectively. This indi-

cates that the bare electrode can reliably detect caffeine con-

centrations down to approximately 0.1356 mg/mL but can only 

be quantified accurately at or above 0.452 mg/mL. In contrast, 

the MGCE showed a significantly improved performance, with 

a lower standard deviation of 0.0594 A and a higher calib-

ration slope of 4.28. As a result, the LOD and LOQ values were 

0.042 mg/mL and 0.139 mg/mL, respectively. These values 

confirm the enhanced sensitivity and reliability of the modified 

electrode in detecting even trace levels of caffeine. The lower 

LOD value observed in the MGCE is particularly advantag-

eous in applications where low concentrations of analyte must 

be detected, such as in skin-contact products like face wipes. 

This enhanced sensitivity ensures that even small amounts of 

caffeine released during early time intervals (e.g. 5 min) can 

be effectively identified and monitored. The incorporation of 

MWCNT and GO in the electrospun PVA matrix significantly 

enhanced the electrochemical response of electrode, leading 

to a lower detection threshold and improved analytical perfor-

mance [64].  

 The LSV comparison responses of 30 min caffeine 

release sample using both the GCE and MGCE electrodes is 

plotted as shown in Fig. 7. The aim is to analyse possible shift 

in the peak potential and the current response, indicating the 

efficiency of electron transfer on the electrode surfaces [65]. 

The GCE had a peak potential = 1.427 V, whereas the MGCE  
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Fig. 7. LSV profiles of caffeine release recorded using plots of GCE and 

MGCE (comparison of peak potential shift) 

 

possessed peak potential value of 1.397 V, where the shift in 

peak potential to a less positive value (ΔE = -0.03 V) with the 

modified electrode suggests faster electron transfer kinetics 

and improved conductivity due to the MWCNT and GO nano-

fiber modification. Furthermore, the MGCE showed a signifi-

cantly higher peak current, highlighting its enhanced electro-

catalytic activity and sensitivity for caffeine detection. The 

modification facilitates easier oxidation of caffeine molecules, 

reducing the required energy for the electrochemical reaction. 

 Cyclic voltammetry (CV): To evaluate the electrochemi-

cal performance and sensing efficiency of the modified elect-

rode toward caffeine release, the CV was performed at a fixed 

scan rate of 50 mV/s using blank (0.1 M KCl), GCE and the 

MGCE, respectively. As shown in the CV plot (Fig. 8), the peak 

current response for blank electrolyte (0.1 M KCl without caff-

eine) was minimal (~2.82 A), indicating negligible Faradaic 

activity and confirming the electrochemical stability of the 

background medium. Upon introduction of the caffeine-loaded 

sample, a significant increase in the oxidation peak current  

 
Fig. 8. Cyclic voltammetry comparison of 0.1 M KCl blank, GCE and 

MGCE with caffeine release sample at 30 min, recorded at a scan 

rate of 50 mV/s 

 

was observed for both the bare and modified GCEs. The GCE 

exhibited a peak current of ~35 A, demonstrating its capab-

ility to detect caffeine release. However, the MGCE exhibited 

a remarkably higher peak current of ~56 µA under identical 

conditions, indicating enhanced electrochemical sensitivity 

and improved charge transfer kinetics. This enhancement can 

be attributed to the higher surface area, increased adsorption 

capacity and improved electron transport pathways provided 

by the electrospun nanofiber matrix functionalized with cond-

uctive and active components. The substantial increase in peak 

current observed for the MGCE, compared to the GCE and 

blank, clearly establishes the superior electrochemical sensing 

performance of the modified electrode for caffeine detection 

[66]. 

 To monitor the time-dependent release behaviour of 

caffeine from the impregnated face wipe, CV was performed 

at a fixed scan rate of 50 mV/s for samples collected at 5, 10, 

15, 20, 25 and 30 min. The study was conducted using both 

GCE and the MGCE. As shown in Fig. 9, a gradual increase 

 
Fig. 9. Cyclic voltammetry plots showing time-dependent release profiles of caffeine (5-30 min) recorded at 50 mV/s using (a) GCE and (b) MGCE 
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in peak current was observed with increasing release time for 

both electrodes. This trend confirms the sustained release of 

caffeine into the medium over time. The increase in electro-

chemical response corresponds to the higher concentration of 

caffeine diffused from the wipe into the electrolyte. This 

comparative time-dependent analysis also demonstrates that 

the modified electrode (b) is more efficient in tracking release 

kinetics, making it a superior candidate for controlled-release 

monitoring applications. 

 Comparing the cyclic voltammograms recorded in Fig. 10, 

the MGCE exhibited a significantly higher current response 

than the GCE at all scan rates. This clearly demonstrates the 

enhancement in electrochemical performance due to the elec-

trode modification with PVA, MWCNT and GO nanofibers. 

As with the GCE, the increase in peak current with scan rate 

indicates a redox process that is influenced by the scan rate. 

To confirm the mechanism, linear plots were constructed for 

both the square root of scan rate (Fig. 11) and the logarithmic 

relationship (Fig. 12). 

 

 
Fig. 11. Linear plot of peak current vs. square root of scan rate plots of GCE 

and MGCE 

 
Fig. 12. Log-Log plot of scan rate vs. peak current plots of GCE and MGCE 

 

 From Fig. 9, obtained the linear relationship between the 

peak current (Ip) and the square root of the scan rate (ν1ᐟ2) for 

both bare and modified electrodes. For GCE: Slope = 4.999, 

R2 = 0.998; For modified GCE: Slope = 8.004, R2 = 0.999. 

Both electrodes exhibited excellent linearity (R2 > 0.99), 

confirming that the oxidation of caffeine follows a diffusion-

controlled electrochemical process at both surfaces. However, 

the steeper slope for the MGCE suggests enhanced electron 

transfer and improved analyte diffusion at the electrode inter-

face, likely due to the increased surface area and conductivity 

provided by the MWCNT-GO-PVA nanofiber modification. 

It further reinforces that the electrode modification not only 

increased sensitivity but also preserved the diffusion-based 

nature of the redox process. 

 The double logarithmic plots of peak current (log Ip) versus 

scan rate (log ν) for both bare and modified electrodes repre-

sented in Fig. 12. This analysis further confirms the kinetics 

of the electrochemical process. 

 The obtained linear regression equations and correspon-

ding parameters are: 

 

Fig. 10. Cyclic voltammetry of (a) GCE and (b) MGCE at varying scan rates 
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For GCE: 

log Ip = 0.4973 × log ν + 0.699, R2 = 0.9997; and 

For MGCE: 

log Ip = 0.7046 × log ν + 0.5933, R2 = 0.911 

 In case of the GCE, the slope of 0.4973 confirms a purely 

diffusion-controlled mechanism and for the MGCE, the slope 

increases to 0.7046, suggesting a mixed control mechanism, 

where both diffusion and adsorption may contribute to the 

electron transfer kinetics. This is attributed to the enhanced 

surface interaction between caffeine molecules and the modi-

fied electrode’s nanostructured surface, which facilitates the 

partial adsorption behaviour. Thus, while both electrodes 

demonstrate diffusion dominance, the MGCE introduces addi-

tional interactions that improve the overall sensitivity and 

allow better control over analyte binding and release made it 

particularly suitable for time-dependent release monitored in 

the caffeine face wipe fabric. 

Conclusion 

 In this study, a PVA based electrospun face wipe fabric 

infused with caffeine was prepared and characterized. The 

face wipe was systematically evaluated for its time-dependent 

caffeine release profile and electrochemical sensing perfor-

mance. The LSV was employed to quantify the amount of caff-

eine released at regular intervals using both bare and modified 

electrodes. The MGCE exhibited significantly enhanced sen-

sitivity, with a higher peak current and improved LOD/LOQ 

values, demonstrating its superior analytical performance. The 

CV studies conducted at various scan rates revealed insights 

into the electrode kinetics. The GCE showed a linear relation-

ship between peak current and the square root of scan rate, 

confirming a diffusion-controlled mechanism. In contrast, 

the MGCE followed a mixed diffusion-adsorption behaviour, 

as evident from its higher slope value and peak current res-

ponse. The morphology of the nanofibrous wipe, confirmed 

through SEM analysis, showed uniform, bead-free fibers with 

good porosity and structural integrity, supporting effective 

caffeine encapsulation and release. The fabricated face wipe 

fabric represents a promising, cost-effective platform for real-

time monitoring of active compounds in personal care appli-

cations.  
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