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ted facile plasmonic chip for
assessment of adulterants in cattle milk

Upama Das,a Tonmoy Dhar,a Rajib Biswas *a and Nirmal Mazumder*b

Adulteration in cattle milk is a pervasive issue, where melamine is added to milk due to its high nitrogen

content, which ultimately falsely elevates the perceived protein levels of milk. However, its consumption

possesses a significant threat, because it can cause severe health hazards. Conventional detection

methods are often very expensive and also lack selectivity, and sensitivity towards detection of toxic

adulterants. This study addresses these limitations by fabricating a highly selective maleic acid-

functionalized silver nanoparticles (MA-AgNPs) based plasmonic nanofilm for highly accurate detection

of milk adulterant melamine. At first, chemical reduction method was used to synthesize the AgNP

swhich was later functionalized with maleic acid. The functionalized NPs were uniformly coated onto

a glass slide to create localized surface plasmon resonance (LSPR) chip. The plasmonic activity of the

NPs along with its selective interaction towards melamine resulted in significant shift in plasmonic peak

position, enabling melamine detection below the permissible limit. To determine the optical and physical

properties of the synthesized AgNPs, UV-vis spectrophotometer, X-ray diffractometer (XRD), Field

Emission Scanning Electron Microscope (FESEM), Atomic Force Microscope (AFM), and Transmission

Electron Microscope (TEM) studies were conducted. Validation of the milk samples spiked with

melamine was performed utilizing the High-Performance Liquid Chromatography (HPLC) method. The

developed LSPR-based platform offered a sustainable and inexpensive solution for detecting milk

adulterant melamine, with high sensitivity, selectivity and lower detection limit.
1 Introduction

Plasmonic nanostructures (NSs) display extraordinary optical
properties that can be tuned by altering several factors such as
shape, size, and composition, as well as the external
surrounding medium.1 Their unique characteristics enable
their use in wide range of applications across various domains,
such as detection of heavy metals,2 pesticides,3 food adulter-
ants,4 various toxic chemicals5 and contaminants. Among
various reported cases of food adulteration, milk stands out as
one of the most commonly adulterated food item consumed
worldwide. Various substances are added to milk for a wide
variety of reasons, such as extending its shelf life, or falsifying
its net protein content, etc.6 Melamine, for instance, is oen
added as a rich nitrogen source to falsify the net content of
protein inmilk.4,6However, ingestion of melamine, poses severe
health risks, as reported during the milk scandal which has
occurred in China in the year 2008.7,8

To prevent such instances of milk adulteration strict regu-
latory limits are imposed on presence of milk adulterant
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melamine by the government regulatory bodies worldwide. For
example, the Food Safety and Standards Authority of India
(FSSAI) recommend a maximum permissible limit for mela-
mine concentration of 2.5 ppm for adults and less than 1 ppm
for infants.9 Similarly, the Food and Drug Administration (U.S.
FDA) and the Ministry of Food and Drug Safety in South Korea
have also established their own guidelines to safeguard public
health.9,10 To curb this issue, regular monitoring of such adul-
terants is highly recommended, which is only possible with
fabrication of sensitive and highly reliable detection methods.
Plasmonic-based sensing platforms have the potential to
address the regulatory requirements by offering wide range of
advantages such as portability, ease of use, and
inexpensiveness.

Conventional analytical methods like HPLC11 and gas
chromatography/mass spectrometry (GC/MS)12 are typically
utilised to sense milk adulterants. However, the techniques are
sophisticated and require the involvement of trained personnel,
making routine monitoring of milk adulterants highly chal-
lenging. Alternative approaches, includes development of
aptamer-based sensors,13 quantum dots14 and colorimetric
sensors4,6,15–19 have also been studied for detection of melamine.
While, in majority of the techniques NPs in colloidal form is
used for sensing, which is quite simple and rapid method;
however, such methods primarily help in qualitative analysis.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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This limits their usefulness for obtaining precise, reproducible,
and quantitative outputs. Moreover, AgNPs in liquid media are
highly unstable and aggregate more easily over time. Such
aggregation reduces the stability the NPs and thereby, hinders
the reproducibility of the detection system. However, Surface
Enhanced Raman Scattering (SERS) technique20 and electro-
chemical sensors21 are also found to be highly useful, but they
require signicant sample preparation time and sophisticated
analysis protocols, limiting their use in practical applications.
To solve these challenges, the fabrication of a user-friendly and
rapid sensing method for detection of melamine is highly
necessary. In this context, plasmonic NSs offers cost-effective,
highly reliable solution for fabrication of portable, sensitive
and rapid detection device for sensing of milk adulterants.22,23

By utilising the interaction mechanism between melamine and
the plasmonic NSs, it is possible to detect melamine with
minimal steps of sample pretreatment.4,6

To solve this problem and address the gap, this study
proposes a new and highly efficient method for detecting
melamine in raw milk, which offers exceptional simplicity and
eliminates the requirement for any complex NP fabrication
technique or extensive sample preparation. The reported
approach involves fabrication of plasmonic NPs using
a conventional borohydride reduction method, which is fol-
lowed by their functionalization with maleic acid. These
surface-functionalized NPs were coated onto a microscopic
glass slide. This fabricated substrate acts as a highly selective
LSPR chip capable of detecting minute changes in the refractive
index of the medium surrounding the NPs induced by the
presence of melamine in milk. The size of the chip is so small
that it can be compared with the dimension of a coin (Fig. 1).

In contrast to colorimetric sensing, immobilizing AgNPs on
a glass substrate to form a plasmonic nanolm offers several
advantages such as it prohibits NPs aggregation, the LSPR
signal can be quantitatively monitored with high sensitivity and
reproducibility, and the solid substrate conguration allows for
controlled interaction with analytes, enabling consistent and
repeatable results. Therefore, the chip-based plasmonic sensing
approach used in this work provides a more reliable, quantita-
tive, and reproducible detection platform compared to
conventional colorimetric sensing using colloidal NPs. The
synthesis route was deliberately optimized to improve NP
selectivity toward the melamine molecule. The fabricated
sensor delivered a straightforward, stable, and affordable
solution for detecting melamine levels in milk. Here, maleic
acid molecules play a crucial role as functional linkers, enabling
Fig. 1 Visual comparison illustrating the size of the fabricated LSPR
chip in relation to an Indian currency coin.

© 2026 The Author(s). Published by the Royal Society of Chemistry
selective melamine binding. This interaction produces
a measurable plasmonic shi, which can be calibrated for
accurate quantitative analysis.

2 Experimental methods
2.1 Chemicals and instruments

Bovine Serum Albumin (BSA), (3-aminopropyl)-triethoxysilane
($98.0%) (APTES), maleic acid (MA), silver nitrate (AgNO3),
sodium hydroxide (NaOH), trisodium citrate (TSC), ammonium
sulphate, salicylic acid, cyanuric acid and sodium borohydride
(NaBH4) was obtained from Merck, USA. Melamine (extra pure)
and urea (extra pure) was procured from Loba Chemie.
Hydrogen peroxide (30%) and formaldehyde (37%) were ob-
tained from Emplura. Ethanol, acetone and methanol was
procured from Qualigens and were utilised for cleaning. All
glass wares and magnetic stirrers used in synthesis were dipped
overnight in aqua regia and were later rinsed with distilled
water (DW). The raw milk sample was purchased from a local
vendor in Napaam, Tezpur-784028, Assam, India.

The optical characteristics of the NPs were recorded using
a UV-vis spectrophotometer (Thermo Fisher GENESYS 180).
Structural characteristics were recorded using X-ray powder
diffractometer (Model: D8 FOCUS, Make: BRUKER AXS, Ger-
many). Morphological aspects were studied using Field
Emission Scanning Electron Microscope (FESEM) (Model:
JSM-7200F, Make: JEOL), Transmission Electron Microscope
(TEM) (TECNAI G2 20 S-TWIN (200KV) (Resolution: 2.4 Å, FEI
Company, USA)) and Atomic Force Microscopy (AFM) (NTE-
GRA Vita device from NTMDT). Validation of the melamine
content in spiked samples was performed by using High
Performance Liquid Chromatography (HPLC) with UV/Vis
Detection-2489 (HPLC Pump-515 Waters Corporation, USA).
Additionally, other equipment such as a weighing machine
(METTLER TOLEDO ME204), a centrifuge machine (Eppen-
dorf 5430R), an oven (Echonian series; EQUITRON), and
a magnetic stirrer (SPINOT-TARSONS) were utilized during the
experimentation process.

2.2 Preparation silver nanoparticles (AgNPs)

28 mL of 2 mM NaBH4 solution was combined with 12 mL of
AgNO3 solution, with continuous stirring over a 30 seconds
interval. This resulted in synthesis of AgNPs depicted by
a distinct colour change in the solution, transitioning from
colourless to yellow. Aer this, the pH was adjusted to 7. For the
functionalization of NPs, 2 mL of a 1 mM maleic acid solution
was introduced to the NP solution, which was followed by stir-
ring for about 10 min. Subsequently, the pH of the solution was
brought to 7 by addition of NaOH (Fig. S1).24

2.3 Fabrication of plasmonic substrate

Microscopic glass slides were carefully cut into dimension
measuring 0.8 cm in breadth and 5 cm in length using a glass
cutter. These glass slides were then cleaned properly to ensure
optimal surface conditions. For which, it was at rst immersed
in methanol, followed by sonication for 20 minutes, and then
RSC Adv., 2026, 16, 26948–26958 | 26949
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the slides were rinsed subsequently four times with DW to
remove presence of any residual methanol on its surface.
Following which, the substrate was immersed in 0.5% solution
of APTES and heated at 50 °C for 1 hour. This step ensures
effective functionalizing of the surface of glass slide for proper
adhesion of the maleic acid functionalised AgNPs.22

Aer which the glass substrate was additionally rinsed with
DW for ve times to remove any residual unbounded APTES
molecule on the surface of the glass slide. Finally, it was
immersed in a solution of maleic acid-functionalised AgNPs for
a period of 16 hours, allowing self-assembly of single layered
NPs on the surface of glass slide.

Following the immobilization of NPs, the substrate was
further washed with DW to remove any unbound NPs present
on the glass surface. To block the surface of the glass slide from
any non-specic interaction, the fabricated plasmonic chip was
emersed in 1% solution of BSA for a period of 30 minutes. UV-
vis measurements could not be reliably obtained in the absence
of BSA, as the NPs without surface blocking were highly prone to
aggregation and surface instability which may lead to false
positive results (Fig. S2 and 2).10,22,25

2.4 Pre-treatment of milk

At rst the milk was spiked with various concentration of
melamine. Aer which, the spiked milk samples was pretreated
using some simple steps to remove presence of unwanted fat
and protien from it which may interfere with the detection
process. Initially, 12 mL of 10% trichloroacetic acid was added
to 40 mL of raw cow milk. The solution was then stirred using
a glass rod and centrifuged for 15 minutes at 7000 rpm. Aer
this, the milk supernatant was separated and transferred to
Fig. 2 Fabrication of plasmonically active glass chip.

26950 | RSC Adv., 2026, 16, 26948–26958
a beaker, and the pH of the milk supernantant was adjusted to
7.0. Lastly, the milk supernatant was ltered through what-
mann lter paper no. 1 and a 0.22-micron lter.22,26

In this procedure, trichloroacetic acid was added to the milk
sample primarily to precipitate proteins and fats. During this
acidic treatment, melamine present in the sample becomes
protonated, forming soluble melaminium salt. In protonated
form, melamine remains in the aqueous phase and does not co-
precipitate with proteins or fats. Aer removal of the precipi-
tated matrix components, the supernatant is carefully neutral-
ized using NaOH. Upon neutralization, the melaminium ion is
again deprotonated which converts it back to neutral melamine.
Since melamine is relatively stable under these conditions and
does not degrade during the acid–base treatment, it remains
available for subsequent detection and quantication. This
process ensures efficient removal of interfering milk compo-
nents while retaining melamine in solution for accurate
analysis.
2.5 Plasmonic sensing platform for detection of melamine

For sensing melamine, the fabricated LSPR chip is immersed in
melamine spikedmilk supernatant for half an hour, to allow the
fabricated plasmonic substrate to interact with the melamine
present on the milk supernatant samples. Following this step,
the chip is ready for sensing. Using a standard UV-vis spectro-
photometer, the chip is inserted into a cuvette along with the
milk supernatant solution spiked with melamine. The UV-vis
light emitted is directed onto the chip, and the detector
records the transmitted light. A noticeable shi in the absor-
bance peak indicates the presence of melamine (Fig. 3).
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Schematic representation of plasmonic sensing of melamine in milk by LSPR chip.
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3 Results and discussion
3.1 Characterisation of the maleic acid functionalised silver
nanoparticles

3.1.1 Optical study. UV-vis spectroscopy study was per-
formed to study the absorption spectra of the synthesised MA-
AgNPs. Distinct absorbance spectrum was obtained in the
visible region between 350 nm to 700 nm (Fig. 4). An intense
absorbance peak was obtained at 408 nm which is the LSPR
Fig. 4 Optical characterisation of MA-AgNPs by UV-vis
spectrophotometer.

© 2026 The Author(s). Published by the Royal Society of Chemistry
peak of the synthesised MA-AgNPs. This peak arises due to
resonance, which occurs when the conduction electrons in
a metal NP, undergoes collective oscillations in response to
incident electromagnetic radiation. This collective oscillation is
responsible for strong absorption of incoming light at a specic
wavelength known as resonance wavelength.27

3.1.2 Structural study. The XRD data was obtained within
the 2q range between 35 to 80°. Four distinct diffraction peaks
were observed, which depicted crystalline nature of the
synthesized AgNPs. Diffraction peaks were obtained at 37.54°,
43.72°, 63.98°, and 76.96°, corresponding to the (111), (200),
Fig. 5 Structural characterisation of MA-AgNPs by XRD.

RSC Adv., 2026, 16, 26948–26958 | 26951
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Fig. 6 Morphology and surface characterization of MA-AgNPs from: FESEM study (a) FESEM image, (b) distribution of diameter of NPs; TEM
study (c) highly magnified TEM image, (d) TEM image, (e) distribution of diameter of NPs, (f) SAED pattern; AFM study (g) 2D view, (h) 3D view, and
(i) height distribution profile of NPs on the surface of glass chip.

26952 | RSC Adv., 2026, 16, 26948–26958 © 2026 The Author(s). Published by the Royal Society of Chemistry
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(220), and (311) planes of Ag. Each peak has been labelled
accordingly in (Fig. 5). The most intense peak was observed at
an angle of 37.54°, indicating the preferential orientation of the
(111) crystallographic plane. The presence of these character-
istic diffraction peaks conrms that the synthesized AgNPs
exhibits a face centred cubic (FCC) crystalline structure.28

3.1.3 Morphological study
3.1.3.1 Field emission scanning electron microscopy. FESEM

analysis was performed to determine the morphological char-
acteristics of the synthesized AgNPs. For this, the fabricated
LSPR sensor was cut into dimensions of 0.5 cm × 0.5 cm and
spin-coated. The FESEM images revealed that the NPs exhibited
a spherical morphology. The mean diameter of these NPs was
approximately 24 nm, with individual particle sizes ranging
from 12 to 38 nm (Fig. 6a and b).29 The larger apparent size in
FESEM is attributed to overestimation caused by surface
aggregation and environmental effects when NPs are immobi-
lized on the glass substrate.

3.1.3.2 Transmission electron microscopy. TEM analysis was
performed by sonicating the synthesized AgNPs in liquid
media, followed by drop-casting onto a copper grid and vacuum
drying at room temperature. The size distribution analysis from
TEM images showed much smaller NPs, ranging from 1 to
10 nm, with an average diameter of approximately 4 nm
(Fig. 6c–f). The TEM images conrmed the spherical
morphology of individual NPs. The smaller size observed in
TEM is due to imaging of well-dispersed, individual NPs in
liquid media, minimizing aggregation compared to FESEM.29,30

3.1.3.3 Atomic force microscopy. The analysis was conducted
following a protocol similar to that employed for FESEM anal-
ysis, at rst the glass slides were cut into dimensions of 1 cm ×

1 cm. The images obtained from the AFM study displayed
homogeneous distribution of MA-AgNPs onto the glass slide,
which can be observed in both 2D and 3D representations of the
AFM images. From the AFM image a surface prole analysis was
Fig. 7 Schematic illustration representing working principle of the fabric

© 2026 The Author(s). Published by the Royal Society of Chemistry
performed to ascertain the distribution of height of the NP on
the surface of glass slide, which was found to be between 5 to
20 nm. This range closely aligns with the size of the synthesized
NPs as conrmed by TEM and FESEM studies. This suggests
that the glass slides were coated with a thin, single-layered NP
coating (Fig. 6g–i).18,31,32
3.2 Sensing mechanism

Themaleic acid compound, contains two carboxylic groups, it is
a bis-carboxylic acid derivative which exhibits a unique struc-
tural conguration and can be easily bounded onto the surface
of bare NPs. Its interaction with melamine, which is rich in
amine groups, is orchestrated by hydrogen bonding. Speci-
cally, the hydrogen of the amine group in melamine forms
bonds with the maleic acid attached to the NP surface. This
hydrogen bonding involves the oxygen atom of the maleic acid
group interacting with the hydrogen atom of the amine group in
melamine (Fig. 7). This interaction is responsible for changes in
the refractive index of the surrounding medium which brings
about a shi in the plasmonic peak position. Here, BSA acts as
a blocking agent to prevent adsorption of other milk compo-
nents onto the surface of MA-AgNP during melamine detection.

To perform sensing, the maleic acid (MA)-functionalized
AgNPs were immobilized onto a glass substrate using APTES
(3-aminopropyltriethoxysilane) which acts as an adhesive and
facilitates binding of functionalised NPs on the surface of glass
slide. Upon exposure to a milk solution containing melamine,
the surface functionalization helps in interactions with the
three amine groups of melamine, resulting in a discernible red
shi in the plasmonic peak as a result of shi in refractive index
due to external bindings.10,22 However, as melamine possess
a triazine ring structure containing multiple amine groups,
which enables binding of the NH2 group with the carboxyl
groups of maleic acid. This results in a distinct and more
ated plasmonic chip.

RSC Adv., 2026, 16, 26948–26958 | 26953
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Fig. 8 UV-vis spectra depicting peak shift with increase in melamine
concentration in milk.

Fig. 9 Linear calibration graph between peak shift and melamine
concentration in milk.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
2/

20
26

 8
:1

1:
50

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
pronounced LSPR shi compared to that caused by other
simple mono- or diamine compounds. Additionally, the sensing
study has been designed for controlled aqueous and milk
Table 1 Quantitative estimation of amount of melamine in milk superna

Sl. no.
Shi in plasmonic
peak (y) (nm)

Theoretical concentration of
melamine (x0) (ppb)

1 2.092 5
2 2.917 15
3 3.648 25
4 4.727 35
5 5.458 45

26954 | RSC Adv., 2026, 16, 26948–26958
system, where melamine is the primary target analyte. In such
environments, common biological amines are either absent or
present in very low concentrations aer sample preparation,
minimizing any interference.

3.3 Sensor performance metrics

As the concentration of melamine increased, a clear shi in the
plasmonic peak was observed in the UV-vis spectra (Fig. 8),
demonstrating the feasibility of using this system for quanti-
tative detection. A linear correlation was established between
the peak shi and melamine concentration, which was used to
plot a calibration graph. The limit of detection (LOD) was
determined to be 8.32 ppb, calculated using the standard
formula:

LOD ¼ 3:3s

s

where s is the standard deviation of blank measurements (n =

3) and s is the slope of the calibration curve. The sensor
exhibited a dynamic range from 10 to 60 ppb, conrming its
ability to detect melamine at trace concentrations. The
sensitivity of the plasmonic system was 0.085 nm ppb−1,
indicating that even small changes in melamine concentra-
tion can be reliably detected (Fig. 9).10,22,33 The recovery of the
sensor, assessed via spiked samples, ranged from 94% to
104%, highlighting its accuracy. For practical demonstration,
the system was applied to detect trace melamine in milk.
Unknown milk samples were spiked with melamine, and the
experimental errors were found to be 0.4–6%, conrming that
the plasmonic sensor provides reliable quantitative
results.6,33,34

In this procedure, the peak shi was rst measured for each
sample. The experimental melamine concentration was then
obtained from the linear calibration graph, and compared with
the theoretical value to calculate the error (Table 1). While the
setup is a proof-of-concept, these results demonstrate that the
proposed plasmonic sensing strategy is robust, sensitive, and
suitable for trace-level melamine detection.

3.4 Interference study

Furthermore, selective analysis was performed to evaluate the
susceptibility of the detection process due to interference from
other adulterants, using UV-vis method. To perform the selec-
tivity study 10 ppb concentration of melamine was used
whereas 100 ppb of other adulterants were spiked to milk
tant as determined by the LSPR method

Experimental concentration
of melamine (x) (ppb)

Percentage of error
�
�
�
�

x0 � x

x0

�
�
�
�
� 100%

5.2 4
14.9 0.6
23.5 6
36.2 3.4
44.8 0.4

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 Selectivity analysis of the LSPR chip towards detection of
melamine.
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samples. It was found that only presence of melamine resulted
in signicant shi in absorbance peak compared to the other
adulterants added to milk. But a small amount of peak shi was
also observed in case of cyanuric acid as its chemical structure
is quite similar to milk adulterant melamine. But this inter-
ference was only observed for higher concentration of cyanuric
acid in milk compared to that of melamine which displayed
signicant shi in plasmonic peak even at low concentration
(Fig. 10).
Table 2 Comparative study of melamine sensing in milk by plasmonic N

Sensing system Recover

Trisodium citrate-AuNPs 95–105%
1-(2-Mercaptoethyl)-1,3,5-triazinane-2,4,6-trione
(MTT)-AuNPs

—

Trisodium citrate-AgNPs 88.83–11
Sulfanilic acid-AgNPs 103–109
Ascorbic Acid-AgNPs —
Chitosan/tripolyphosphate-AuNPs 85–107%
Gallic acid-AgNPs 97.1–102
b-cyclodextrin-AgNPs 80.5–109
p-Nitroaniline (p-NA)-AgNPs —
Dopamine-AgNPs 98.5%
Jotropha gossypifolia-AgNPs 96–122%
Tannic acid-AgNPs 99.5–106
Parthenium histerophorus-AgNPs 96%
Green tea-AgNPs 93%
p-NA-AuNPs (cuvette based) —
Trisodium citrate-AuNPs (optical bre based) 99.2–111
Glassy carbon electrode (GCE) modied with copper
nanoowers (NFs) with reduced graphene oxide (r-GO)

87.76–90

MA-AgNPs (cuvette based) 94%–10

© 2026 The Author(s). Published by the Royal Society of Chemistry
3.5 Comparative analysis with previously reported works

Colorimetric methods are oen employed as a qualitative tool
for sensing of adulterants in milk. However, various other
methods are also reported in the literature which could be used
to ensure accurate assessment of the adulterant melamine, but
most of them provide a qualitative solution for its detection and
also are unable to detect trace amount of adulterant melamine
in milk. To solve this problem a more precise inexpensive
technique is required which is capable of detecting melamine
even at trace amounts. This level of sensitivity can only be
achieved using LSPR-based plasmonic nanolms. These nano-
lms detect subtle changes in the refractive index of the
medium surrounding the NPs, enabling selective and precise
quantication of melamine.

While previous studies reported in literature,35 where some
are listed in (Table 2)—have reported lower LOD, our work
distinguishes itself through its use of LSPR-based plasmonic
nanolms, which provides a unique combination of label-free
sensing, real-time monitoring, with high specicity. Unlike
conventional colorimetric methods that are primarily qualita-
tive and oen lack the sensitivity to detect trace levels of adul-
terants, our approach leverages changes in the local refractive
index around plasmonic NPs to achieve selective and accurate
quantication. This makes this method especially advanta-
geous for practical on-site applications where reliability,
reproducibility, and minimal sample preparation are essential.
Moreover, the cost of fabrication of the nanolms in our
method is also quite low and is simple compared to the other
reported works. Therefore, even when compared with studies
reporting lower LODs, the novelty of our method lies in its
integration of precision, ease of deployment, and adaptability
for real-world milk quality monitoring.
Ps as reported in literature

y Lowest limit of sensing/LOD Reference

0.05 ppm 36
2.5 ppb 37

4.29% 0.29 ppm 38
% 1.34 ppb 39

100 ppb 34
6 ppb 40

.6% 0.456 ppb 41

.02% 0.628 ppm 17
100 ppb 42
10 ppb 43
252 ppb 44

.5% 1.26 ppb 19
0.5 ppm 45
1.44 ppm 6
0.01 ppb 10

% 4.16 ppb 46
.43% 0.63 ppb 47

4% 8.32 ppb Reported work
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4 Conclusion

The study reports quantitative estimation of trace amount of
melamine in milk by using plasmonic nanolm based LSPR
chip. Through a comprehensive characterization technique, the
optical, structural and morphological properties of the synthe-
sized maleic acid functionalised AgNPs was studied. These
functionalized MA-AgNPs, displayed strong interaction towards
melamine, resulting in a notable shi in the absorbance peak.
Moreover, the plasmonic activity of the LSPR chip was also
evaluated by determining the selectivity, sensitivity, dynamic
range of sensing, and recovery efficiency of the sensing platform
towards melamine detection. Additionally, validation experi-
ments were also performed using HPLC technique which
further corroborated the sensor's accuracy and precision in
detecting melamine in milk (SI Material 1) (Fig. S3). The inno-
vative design of the chip, leverages the LSPR technology and
demonstrates high sensitivity along with high reproducibility
with a LOD of 8.32 ppb. The results not only contribute to
advancing on-site detection technologies but also emphasize
the LSPR chip's potential for broader applications in ensuring
food safety.
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