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Ps@rGO nanocomposite as
a peroxidase-mimic for cholesterol detection
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Ohoud F. Al Sharif,a Mona Mohammad AlAmri,d Mukul Sharma,e Raha Osailan,f

Dalin A. Hassang and A. Khatabhi

This study presents the development of an artificial enzyme based on a nanocomposite composed of

green-synthesized gold nanoparticles (AuNPs) and reduced graphene oxide (rGO), (AuNPs@rGO), for the

selective and sensitive colorimetric detection of cholesterol (ChO). The nanocomposite exhibits

peroxidase-like activity, catalyzing the oxidation of tetramethylbenzidine (TMB) into a blue-colored

oxidized product (oxTMB) via hydroxyl radical (cOH) generation. Cholesterol Oxidase (ChOx)

enzymatically oxidizes cholesterol to produce hydrogen peroxide (H2O2) and cholest-4-en-3-one, and

the resulting H2O2 is subsequently utilized by AuNPs@rGO to oxidize TMB. The nanocomposite was

synthesized by integrating green-synthesized AuNPs with rGO prepared through a modified Hummers'

method. Characterization using TEM, FTIR, and XRD confirmed the successful fabrication and structural

features of AuNPs@rGO. The system demonstrated a linear response for cholesterol concentrations

ranging from 0.2 to 1.2 mM, with a high correlation coefficient (R2 = 0.996) and a low limit of detection

(LOD = 0.062 mM). These findings underscore the potential of AuNPs@rGO as a robust, efficient, and

cost-effective platform for cholesterol sensing, offering a promising approach for diagnostic and

biomedical applications.
1. Introduction

In recent years, the development of articial enzymes, also
known as mimetic nanoscale materials, has emerged as
a groundbreaking approach for colorimetric detection. This
innovation has garnered signicant attention from researchers
in biomaterials and biosensing.1,2 Articial enzymes offer
numerous advantages over their natural counterparts,
including superior stability across a wide range of pH and
temperature conditions and heightened sensitivity.3
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Additionally, these enzymes are cost-effective and exhibit cus-
tomizable catalytic activity, further solidifying their potential as
a robust tool for colorimetric detection. Building on the pio-
neering report on articial enzyme synthesis,4 researchers have
successfully engineered a diverse array of nanoscale materials
with enzyme-like functionality, expanding the frontiers of
biomimetic catalysis.5 These include Co3O4,6 CeO2,7 V2O5,8

PdNPs,9 PtNPs, AuNPs,10–12 CNTs,12 GO,13 and CQDs.14 Among
these nanomaterials, AuNPs have garnered signicant attention
due to their remarkable biocompatibility, easy preparation, and
impressive catalytic, optical, and electronic properties at the
nanoscale.15,16 However, the high cost of AuNPs and their
tendency to aggregate at lower pH signicantly limit their
catalytic efficiency. Therefore, to reduce the cost of AuNP-based
catalysis while improving dispersion and stability, it is crucial to
immobilize green synthesized AuNPs on a suitable support
material. Leaf extract-synthesized AuNPs offer notable advan-
tages, such as enhanced stability, superior biocompatibility,
cost-effective synthesis, and exceptional catalytic activity.

Graphene nanocomposites have garnered signicant attention
as SI due to their exceptional properties, including low cost, large
surface area, excellent electrical and thermal conductivity, and
remarkable reliability.17–19 Previous studies have successfully
demonstrated the dispersion of AuNPs over graphene sheets.20,21

However, to our knowledge, only a few researchers have explored
the AuNPs@rGO nanocomposite as an “articial enzyme”.22,23
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Furthermore, there are currently no reports on using negatively
charged AuNPs, synthesized via leaf extracts, as articial enzymes.

The synergistic integration of graphene's large surface area
with the unique properties of AuNPs synthesized from leaf
extracts inspired us to develop the AuNPs@rGO nanocomposite
and explore its articial enzyme-like activity. Cholesterol, a vital
steroid molecule, plays a fundamental role in cellular function.24

It is essential for maintaining membrane uidity and structural
integrity across a range of physiological temperatures.25 Beyond
being the primary structural component of plasma membranes,
cholesterol is also indispensable for the biosynthesis of vitaminD,
steroid hormones, and bile acids.26 Cells synthesize cholesterol
from simple precursor molecules to fulll essential biological
needs. In humans, serum cholesterol levels typically range
between 1.0 and 2.2 mM.27 While cholesterol is crucial for main-
taining physiological functions, its excessive production can lead
to severe health complications, including arteriosclerosis, hyper-
tension, malabsorption disorders, brain thrombosis, and
myocardial infarction.28 Consequently, the accurate quantica-
tion of cholesterol is critically important for applications such as
clinical diagnosis, food safety, and environmental monitoring.24

This underscores the necessity of developing advanced analytical
techniques for rapidly and precisely detecting cholesterol. Various
techniques have been developed to quantify cholesterol levels in
human blood serum, including uorescence-based assays,29

liquid chromatography,30 molecular imprinting polymer (MIP)
technology,31 electrochemical methods,32 colorimetric enzymatic
assays,33 and gas chromatography.34 While these methods offer
high sensitivity and low detection limits, their widespread appli-
cability is hindered by the need for specialized technical expertise,
expensive instrumentation, and labor-intensive sample prepara-
tion procedures.35 For example, chromatography (e.g., GC/HPLC)
offers high accuracy but suffers from poor portability, long anal-
ysis time, and high cost. Electrochemical methods provide
miniaturization/portability advantages but oen require complex
electrode modication and may lack the visual simplicity of
colorimetric detection. Therefore, there is an urgent need for the
development of cost-effective, user-friendly sensors capable of
rapidly and accurately detecting cholesterol.

Therefore, the current study was designed to develop an arti-
cial enzyme based on AuNPs and reduced graphene oxide
(AuNPs@rGO) nanocomposite for the selective and sensitive
colorimetric detection of cholesterol. The nanocomposite was
synthesized by integrating green-synthesized AuNPs with rGO.
The AuNPs@rGO nanocomposite successfully demonstrated
a linear response for cholesterol concentrations ranging from 0.2
to 1.2 mM, with a high correlation coefficient (R2 = 0.996) and
a low limit of detection (LOD= 0.062 mM). The results show that
AuNPs@rGO can be a great platform for cholesterol sensing
because it is strong, efficient, and inexpensive. This could be
a great way to go for diagnostics and other biological uses.

2. Materials and methods
2.1 Chemicals and reagents

Loba chemicals supplied the precursor for the AuNPs, chloro-
auric acid (AuCl4$xH2O). Chemicals such as, cholesterol oxidase
© 2026 The Author(s). Published by the Royal Society of Chemistry
(Chox), hydrogen peroxide (H2O2), and tetramethylbenzidine
(TMB) were purchased from Merck in India. Fresh Croton bon-
pandianum (C. bonplandianum) leaves were gathered from the
Indian Institute of Technology (BHU) campus in Varanasi,
India.

2.2 Green synthesis of NC-AuNPs

NC-AuNPs were synthesized using a similar route adopted to
synthesize AuNPs.21 In short, 2 mL of 0.8 mMHAuCl4$xH2O was
mixed with 2% (v/v) of aqueous extract of C. bonplandianum
(AEC) dose for synthesis, and the mixture was then exposed to
sunlight. The biosynthetic processes of AuNPs were conducted
in both ambient sunlight and in dark condition to access the
efficiency of sunlight's photo-catalytic action. While synthe-
sizing NC-AuNPs, the incident solar radiation intensity was 66
300 lux and the ambient temperature was 39 °C when the sun
was directly above. In the dark, the temperature was 34 °C and
the light intensity was zero lumens. Until account for potential
temperature and solar radiation uctuations, the trials ran from
noon until 2 pm. In only 16 minutes, the reaction mixtures le
in the sun became a deep purple and formed a sharp peak. Even
aer 10 hours, the reaction mixes that were kept in the dark
failed to produce the same degree of colour change. Therefore,
in order to optimise the remaining process parameters, trials of
AuNPs synthesis were conducted under circumstances of direct
sunlight using a one constant at a time method. Optimal
conditions were determined for parameters including sunlight
exposure time, AEC inoculum dosages, and HAuCl4$xH2O
concentration. The produced NC-AuNPs were then re-dispersed
in deionised water aer being centrifuged for 15 minutes at 15
000 rpm to remove water-soluble compounds and other
secondary metabolites. Vacuum drying was used to achieve the
nal mass of NC-AuNPs aer four cycles of this method.

2.3 Preparation of reduced graphene oxide and graphene
oxide

The GO was prepared for this study according to published
studies.36,37 In brief, the reaction was performed by adding 3 g of
graphite powder to the 360 : 40 mL concentrated H2SO4/H3PO4

mixture. Subsequently, 15 g of KMnO4 was added to the above
reactionmixture. The nal reactionmixture was then constantly
agitated for 12 hours at 50 °C and cooled at room temperature.
Further, the reaction mixture was transferred into 1 litre of
distilled water (DW) in the ice bath. Subsequently, 3 mL H2O2 of
30% was mixed while continuously stirring for two hours. The
last step was a 15 minute centrifugation run at 10 000 rpm on
the nished product. The nal product was collected and
washed with 5% HCl many times. Finally, it was washed
repeatedly using DW. The nal washed solid substance to be
cleaned, GO, was then put in a vacuum oven at 70 °C for a full
day. Aer the synthesis of GO, rGO was prepared by suspending
the resulting GO in DW (1 mg mL−1) and thoroughly mixed by
ultrasonication for one hour; to remove any unexfoliated GO,
the mixture was centrifuged for ten minutes at 10 000 rpm.

Aer centrifugation, a brown color suspension of GO was
obtained, which was then decanted and hydrothermally
RSC Adv., 2026, 16, 12816–12826 | 12817
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reduced using hydrazine (NH2NH2) and ammonia solution
(NH3). In summary, ammonia was added to the solution to keep
its pH in the basic range of 10, aer which N2H4 was added and
agitated for 10 minutes. Additionally, the suspension was kept
in a Teon-lined autoclave and heated to 200 °C for ve hours.
By repeatedly centrifuging with DW, the nal black color
suspension was thus achieved.

2.4 Preparation of AuNPs@rGO nanocomposite

The optimized highly stable, smaller, and isotropic AuNPs
synthesized the AuNPs@rGO nanocomposite. For this purpose,
20 mL of a 0.25 mg mL−1 rGO solution was mixed with 2 mL of
the AuNPs solution and agitated continuously for 5 hours. The
resulting AuNPs@rGO nanocomposite was dried at 60 °C and
centrifuged at 10 000 rpm for 15 min. To ensure purity, the
nanocomposite was thoroughly washed several times with
deionized water to remove residual impurities.

2.5 Peroxidase-like mimetic property of AuNPs-rGO

For examining the peroxidase-like mimetic property of the
resulting NC-AuNPs, the reaction system NC-AuNPs + TMB +
H2O2 was developed. Here, TMBwas employed as a substrate for
peroxidase, producing a blue color and a distinct UV-visible
peak in its oxidized form at 652 nm. This experiment
combined 200 mL of pH 4 NaAc buffer (0.2 M) with 50 mL TMB of
1 mM and 50 mL H2O2 of 1 mM. Subsequently, 50 mL of the
optimally produced NC-AuNPs from AEX were combined and
incubated for 60 minutes. The control experimental reactions
were performed without NC-AuNPs or H2O2, utilising the
identical reaction setup.

2.6 Detection of cholesterol

To do this, 100 mL of various concentrations of ChO in 0.1 mM
PBS with pH 7.0 were rst treated with 20 mL ChOx (1 mgmL−1).
The mixture was incubated for 10 min at 37 °C in dark condi-
tions to form H2O2. Subsequently, 200 mL NaAc buffer of 0.2 M
(pH 4) with 50 mL AuNPs@rGO and 50 mL TMB of 1 mM were
added to the reaction mixture and incubated for another ve
minutes at the same temperature. Then, using a UV-visible
spectrophotometer, the matching absorbance was determined
at 652 nm, and digital pictures were captured.

2.7 Experimental methodology

The initial identication of the synthesis of AuNPs, GO, rGO, and
AuNPs@rGO, along with the preliminary peroxidase sensing
reactions, was conducted using the Evolution 201 Thermo
Scientic UV-visible spectrophotometer. The important role
played by the identity of functional groups was determined by
using the FTIR in the range of 4000–400 cm−1, specically the
PerkinElmer spectrum 100. Using an X-ray diffractometer (Rigaku
Miniex II), the crystalline properties of AuNPs and AuNPs@rGO,
as well as the change in crystallinity from GO to rGO, were
investigated. We examined the NC-AuNPs and the AuNPs@rGO
nanocomposite's structure, size, and form using TEM (TECNAI 20
G2) at 200 kV voltage. By revealing the concentric diffraction rings,
12818 | RSC Adv., 2026, 16, 12816–12826
selected area electron diffraction further validated the crystallinity
of AuNPs@rGO. The designed AuNPs@rGO nanocomposite
exhibited mimetic activity similar to peroxidase and was utilized
for colorimetric cholesterol sensing.

3. Results and discussion
3.1 Characterizations

The primary method used to conrm the synthesis of AuNPs,
GO, rGO, and AuNPs@rGO was UV-visible spectroscopy, as
illustrated in Fig. 1a. The typical surface plasmon resonance of
AuNPs, with a lmax in the 500–600 nm range, was apparent in
the UV-visible spectra at 534 nm with zeta potential −11 mV
(Fig. S1). Two distinctive UV-visible spectra of GO at 230 and
300 nm have appeared in Fig. 1a. The peak at 230 nm corre-
sponded to the p–p* transition of C]C, whereas the peak
present at 300 indicated the n–p* transition of C]O.38 Fig. 1a
reveals the absorption spectra of rGO, which shows a red shi
from 230 nm to 270 nm, corresponding to the p–p* transition
of a C]C bond. This shi indicates the successful trans-
formation of GO into rGO due to the reduction process and
restoration of a C]C bond.39 UV-visible spectra of AuNPs@rGO
nanocomposite displays peaks corresponding to both AuNPs
and rGO with slight shi. The variations observed in these
peaks could be attributed to the interaction between AuNPs and
the surfaces of rGO, leading to the formation of the
AuNPs@rGO nanocomposite. Additionally, the change in the
solution's color from brown to dark black supports the chemical
reduction of GO into rGO (Fig. 1a).

The synthesized AuNPs@rGO nanocomposite was further
analyzed using FTIR spectroscopy to identify the functional
groups associated with AuNPs, GO, rGO, and their contribu-
tions to the formation of the AuNPs@rGO nanocomposite
(Fig. 1b). The FTIR spectra of AuNPs displayed distinct
absorption bands at 3421, 2922, 2852, 1632, and 1061 cm−1. The
bands observed at 3421, 2922, and 2852 cm−1 correspond to the
stretching vibrations (ms) of OH, C]C–H, and C–H functional
groups, respectively, which originate from the phytochemicals
present in leaf extract. Meanwhile, the 1632 and 1061 cm−1

peaks were attributed to the stretching vibrations of C]C and
O–C bonds, respectively.40 Similarly, the FTIR spectra of GO
exhibited characteristic peaks at 3409, 2927, 2852, 1735, 1665,
1374, and 1050 cm−1. These peaks were associated with the
stretching vibrations of OH, sp2 hybridized C–H, sp3 hybridized
C–H, carbonyl (C]O), C]C, C–OH, and epoxide groups,
respectively.41 The observed spectral features provided insights
into the functional groups' contributions to the structural
integration and stability of the AuNPs@rGO nanocomposite.
The FTIR spectra of rGO revealed the shiing of 1735 cm−1 (C]
O carbonyl) peak to 1565 cm−1 (sp2 hybridized C]C) and the
disappearance of 1050 cm−1 peak (epoxide). The disappearance
of the epoxide peak (1050 cm−1) and the shiing of the carbonyl
peak from 1735 cm−1 to 1565 cm−1 advocated the conversion of
GO to rGO by removal of surface oxygenated groups, which was
aligned with the results obtained from UV-visible spectra39,42

Fig. 1c presents the crystalline structure analysis of the
synthesized AuNPs, GO, rGO, and the AuNPs@rGO
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a) Characteristics UV-visible peaks of AuNPs, rGO, GO, AuNPs@rGO, (b) FTIR spectra of rGO, AuNPs, rGO, AuNPs@rGO and (c) XRD of
rGO, AuNPs, GO, AuNPs@rGO.
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nanocomposite, providing their phase composition. A scanning
rate of 6° min−1 and a step size of 0.02° were used to perform
XRD analysis throughout a 2q range of 20° to 80°. Different
diffraction peaks for AuNPs were seen at 2q = 38.04°, 44.22°,
64.43°, and 77.2°, according to the ndings. It was clear from
these peaks that the standard JCPDS le number 040784 and
corresponded to Bragg's reections at planes (111), (200), (220),
and (311), conrming the metallic gold crystalline structure
with face-centered cubic (fcc) geometry. A distinctive diffraction
peak of GO is visible in the XRD spectrum at 2q = 10.9°, cor-
responding to 002 Bragg's reections. The signicantly
increased d-spacing of GO (0.83 nm) compared to pure graphite
(0.34 nm) indicated successful exfoliation. This exfoliation
suggests the presence of water molecules and functional groups
containing oxygen in the layers of graphite. On the subsequent
reduction of GO, with 0.418 nm of d-spacing, two wide peaks at
2q = 23.9° and 43.0°, corresponding to (002) and (011) Bragg's
reections, respectively, emerged; whereas the diffraction peak
at 2q = 10.9° vanished. The decrease in d-spacing of rGO was
due to the elimination of intercalated oxygenated functional
groups. The broadening of the peaks indicated that rGO is
amorphous along the sheet's stacking direction. A distinctive
peak of rGO and AuNPs in the XRD spectra of AuNPs@rGO
conrmed the AuNPs-rGO nanocomposite synthesis.
© 2026 The Author(s). Published by the Royal Society of Chemistry
Transmission electron microscopy was used to examine the
AuNPs' morphology. Fig. 2a displays the transmission electron
micrographs of the synthesized AuNPs, highlighting their
morphology, size distribution, and structural characteristics.
The images veried the existence of round gold nanoparticles
with sizes ranging from 1 to 19 nm. The size distribution
histogram corresponding to the TEM images revealed an
average particle size of 8.6 nm, with most of the AuNPs falling
within the 5–7 nm range. Fig. 2b displays the TEM image of
a bare rGO sheet, which shows the absence of any AuNPs. In
contrast, Fig. 2c and d, taken at different magnications, depict
the fabricated AuNPs@rGO composite. These images clearly
demonstrate the uniform distribution of AuNPs on the rGO
sheets and the distinct structure of the rGO, conrming the
synthesis of the AuNPs@rGO composite.
3.2 Peroxidase-like activity

The peroxidase-like activity of the synthesized AuNPs, rGO, and
AuNPs@rGO was investigated by monitoring a change in hue to
blue resulting from the oxidation of chromogenic TMB upon its
interaction with H2O2. Introducing AuNPs@rGO into the H2O2

+ TMB reaction system signicantly accelerates the redox
process. This enhancement is attributed to the catalytic activity
at the surface of AuNPs@rGO, which promotes the
RSC Adv., 2026, 16, 12816–12826 | 12819
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Fig. 2 HR-TEM pictures of AuNPs (a), bare rGO sheet (b–d) AuNPs@rGO at different magnifications.
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decomposition of H2O2 into hydroxyl radicals (OHc), thereby
expediting the overall reaction (Fig. 3a).21

The generated OHc radical extracts the electron from the
reduced TMB and turns it into the dark blue oxTMB with
a characteristic absorbance of 652 nm. The catalytic action of
the ChOx on ChO releases H2O2 and cholest-4ene-3-one as a by-
product with the help of oxygen.43 The produced H2O2 in this
reaction can be used quantitatively to oxidize TMB into oxTMB
in the presence of AuNPs@rGO (Fig. 3a). This fact encouraged
us to use colorimetric methods for the detection of cholesterol.

The peroxidase-like activity of AuNPs, rGO, and AuNPs@rGO
was investigated by regularly observing the UV-visible peaks of
the oxidized blue color product of TMB, which gives sharp
spectra at 652 nm. The gure shows that the absence of the
characteristic peak of the OxTMB at 652 nm indicated that the
12820 | RSC Adv., 2026, 16, 12816–12826
rGO could not independently mimic peroxidase activity
(Fig. 3b). This was caused by the fused layers of rGO, which
hinder the adsorption of substrates onto its surface and prevent
the transfer of electrons.44 Although the AuNPs exhibited
spectra at 652 nm, they were not as intense as those of
AuNPs@rGO, indicating the superior catalytic activity of
AuNPs@rGO.

To investigate the role of each constituent in various
compositions (H2O2, TMB, TMB + H2O2, AuNPs@rGO + TMB,
and AuNPs@rGO + TMB + H2O2) in developing a dark blue color
and the intense absorption of OxTMB at a wavelength of
652 nm, the time-dependent changes in absorbance were
systematically monitored (Fig. 3c). The absorbance spectra of
H2O2, TMB alone, and AuNPs@rGO + TMB without H2O2

showed no signicant changes over time. In contrast, the
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 (a) Schematic of AuNPs@rGO peroxidase-like activity for colorimetric cholesterol sensing; (b) UV-vis spectra of rGO, AuNPs, and
AuNPs@rGO with TMB and H2O2; (c) absorbance at 652 nm for different reaction mixtures, with inset showing color changes.
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absorbance spectra for the TMB + H2O2 system exhibited only
minor alterations at 652 nm, attributable to the low reactivity
between TMB and H2O2. However, a pronounced change was
observed when AuNPs@rGO was inserted into the TMB + H2O2.
The reaction yielded a deep blue color (Inset, Fig. 3c) and
a substantial increase in absorbance at 652 nmwithin 1 minute,
which continued to intensify for up to 9 minutes. This result
provides strong evidence of the peroxidase-like activity of
AuNPs@rGO.
3.3 Optimization of process parameters

It is commonly known that temperature and pH levels signi-
cantly impact the catalytic activity of natural enzymes.
Furthermore, variations in the concentration of the compo-
nents of the reaction system also impact the catalytic activity of
natural enzymes. By holding one parameter constant at a time,
the many factors that affect the peroxidase-like catalytic activity
of AuNPs@rGO inclusive of incubation duration, temperature,
TMB concentration, pH, H2O2 concentration, and AuNPs
amount were optimized to achieve the best result for the
improved performance of cholesterol detection. Fig. 4 a show
the effect of pH on the catalytic potential of AuNPs@rGO in
0.2 M NaAc buffer at different pH ranges of 1–10. The gure
© 2026 The Author(s). Published by the Royal Society of Chemistry
corroborated that the articial enzyme-like potential of
AuNPs@rGO was excellent under an acidic medium and the
optimum pH of 4.

The ability of AuNPs@rGO to mimic peroxidase began to
decline with a further increase in pH, becoming negligible at
higher pH levels. This behavior can be attributed to the
decomposition of H2O2 at elevated pH, leading to the genera-
tion of H2O and O2 molecules instead of OHc radicals. Similarly,
adjusting the temperature of AuNPs@rGO to enhance its
peroxidase-like activity was evaluated, revealing that the activity
was optimal at 40 °C. Beyond this temperature, the activity
diminished, primarily due to the agglomeration of
AuNPs@rGO, which inhibited electron transfer45 (Fig. 4b).
Additionally, the impact of various constituents in the
AuNPs@rGO reaction system, such as the amount of
AuNPs@rGO and the concentrations of TMB and H2O2, was
systematically optimized. These optimizations were performed
under constant conditions, including an incubation time of 9
minutes, pH 4, and a temperature of 40 °C. Excessively high or
low concentrations of TMB, H2O2, or the amount of
AuNPs@rGO were unsuitable for enhancing peroxidase activity
of AuNPs@rGO. During optimization, 0.8 mM TMB was iden-
tied as the optimal concentration when combined with 50 mL
of H2O2 in 200 mL of NaAc buffer with 50 mL of AuNPs@rGO and
RSC Adv., 2026, 16, 12816–12826 | 12821
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Fig. 4 Peroxidase-like activity of AuNPs@rGO under varying (a) pH (2–10) at 36 °C, (b) temperatures (20–70 °C), (c) TMB concentrations (0.1–1
mM) at pH 4 and 40 °C with color change inset, and (d) absorbance vs. TMB concentration with linear calibration inset (R2 = 0.993).
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1 mM of NaCl. This combination produced the best peroxidase
activity of AuNPs@rGO (Fig. 4c). Additionally, the inset in
Fig. 4d demonstrates a linear relationship between TMB
concentrations of 0.1 and 0.6 mM, with a correlation coefficient
(R2) of 0.981.

Fig. 5a and b demonstrate that 80 mL of AuNPs@rGO was
optimal for achieving improved peroxidase-like activity when
employing 50 mL H2O2 (1 mM) and 50 mL TMB (0.8 mM) were
used, and a linear connection was found between 10 and 60 mL
AuNPs@rGO, with an R2 value of 0.997. An 8 mM concentration
of H2O2 was identied as the optimal level when using 80 mL of
gold nanoparticles immobilized on red GO, along with 50 mL of
TMB (0.8 mM), as demonstrated in Fig. 5c and d. Fig. 5d
exhibits the linear calibration plot of H2O2, which shows
between 0.1 mM and 0.6 mM, there is a linear correlation, with
an R-value of 0.997. The linear regression equation is A652 nm =

1.510C + 0.618, and the limit of detection (LOD) of H2O2 is
found to be 0.0268 mM. This H2O2 can be generated through
the catalytic oxidation of cholesterol using a catalyst like
cholesterol oxidase (ChOx), which encouraged us to develop the
facile colorimetric detection method of cholesterol (Fig. 5d).
12822 | RSC Adv., 2026, 16, 12816–12826
3.4 Detection of cholesterol

Aer the detection of H2O2, the efficacy of the fabricated
AuNPs@rGO was applied to detect the cholesterol selectively and
sensitively by quantifying the released H2O2 through the catalytic
action of ChOx on ChO. For the detection purpose, different
concentrations aer adding 20 mL of ChOx (1mgmL−1) to 100 mL
of Tris–HCl buffer (20 mM, pH 7.0), the remaining ChO was
handled similarly followed by the addition of the optimum
component of the reaction system, i.e., 50 mL AuNPs@rGO and 50
mL 200 mL of 0.1mMNaAc buffer solutions with 0.8mMTMB and
a pH of 4.0. The UV-visible spectra were subsequently recorded at
652 nm, where maximum absorbance was observed. Using the
absorbance data at this wavelength, a calibration curve for ChO
was constructed, demonstrating connecting 0.2 and 1.2 mM on
a straight line with a R2 of value of 0.996. The linear regression
equation for the curve is A652 nm = 0.547C + 0.170A. The limit of
detection (LOD) was determined to be 0.062 mM using the
equation LOD = 3(SD/B), where SD represents the standard
deviation and B denotes the slope of the calibration curve (Fig. 6a
and b). This LOD is satisfactory compared to previously reported
values, as summarized in Table 1.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Peroxidase-mimicking activity of AuNPs@rGO: (a) effect of nanocomposite volume with color change inset, (b) linear response from 10–
60 mL (R2 = 0.997), (c) effect of H2O2 concentration with color change inset, (d) linear response from 0.1–0.6 mM (R2 = 0.997).

Fig. 6 (a) UV-vis spectra of different ChO concentrations in the AuNPs@rGO + TMB + ChOx system; (b) calibration curve showing a linear range
from 0.2–1.2 mM (R2 = 0).

© 2026 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2026, 16, 12816–12826 | 12823
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Table 1 Comparison table showing the different materials used for the detection of ChO

Sensing system Sensing technique Linear range LOD Reference

ChOx/DNAzymes Colorimetric 1–30 mM 0.1 M 45
MMSNs/ChOx Colorimetric 0.01–0.3 M 7.12 mM 46
MoS2 NR-Au NP Colorimetric 0.04–1.0 mM 0.015 mM 47
Pt/PCN Colorimetric — 8.3 × 10−6 M 9
ChOx/haemoglobin Amperometric 10–600 M 9.5 M 27
AuNPs@rGO Colorimetric 0.2 to 1.2 mM 0.062 mM Present work

Fig. 7 (a) Selectivity of AuNPs@rGO toward ChO over other analytes; (b and c) repeatability and reproducibility of the assay under identical
condition.
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3.5 Selectivity

To evaluate the selectivity of the fabricated AuNPs@RGO, an
experiment was conducted by adding 50 mL of 1 mM solutions
of various potential analytes found in blood serum such as
ascorbic acid, uric acid, xanthine, urea, beta-sitosterol, stig-
masterol, and cholesterol into the same reaction system used
for ChO detection (Fig. 7a). The results show that ChO
demonstrated the highest selectivity, with its absorbance
intensity being the strongest among all the tested analytes. The
fabricated system demonstrates the potential for selective
colorimetric sensing of ChO. Fig. 7b illustrates the consistency
of results obtained from the fabricated AuNPs@rGO system
when the experiment was repeated six times under identical
12824 | RSC Adv., 2026, 16, 12816–12826
experimental conditions. Similarly, Fig. 7c shows the repro-
ducibility of results across ve samples tested under the same
experimental setup.

4. Conclusion

This study highlights the successful development of
AuNPs@rGO with exceptional peroxidase-like mimicking
activity using a green synthesis approach. Negatively charged
AuNPs and rGO, synthesized via the reduction of GO, were
combined to create the AuNPs@rGO composite. Characteriza-
tion techniques, including TEM, FTIR, XRD, and UV-visible
spectroscopy, conrmed the efficient synthesis and uniform
distribution of AuNPs on the rGO sheets. The catalytic activity of
© 2026 The Author(s). Published by the Royal Society of Chemistry
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AuNPs@rGO was optimized by analyzing the effects of pH,
temperature, TMB concentration, and material quantity,
demonstrating signicant efficiency under acidic conditions
and at 40 °C. The synthesized material was effectively utilized
for the colorimetric detection of H2O2 and cholesterol with
detection limits of 0.0268 mM and 0.062 mM, respectively. This
cost-effective, rapid, highly selective, and sensitive method
offers a capable approach for cholesterol detection, with
potential applications in medical diagnostics and treatment.
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