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1 Introduction
Food adulteration is becoming significant distress in the 

past few years. Various awareness programs related to health 
welfare along with the prominence of bad health among the 
global population have vanguard the researchers to head-on their 
concentration on synthesizing portable detection techniques in 
order to monitor the quality of food (Bansal et al., 2017). Among 
these different concerns of present-day society, adulteration 
of milk is conceivably the most pervasive (Varun et al., 2017). 
Various types of adulterants are usually added to milk worldwide. 
In Asian countries, raw milk is disseminated via traditional 
method that includes middlemen called “Gawala”. To maximize 
their benefit, these intermediaries (Gawala) practice to adulterate 
milk. Adulteration of milk is executed to increase its viscosity, 
by addition of reconstituted milk powders and starch. Often 
applied to maintain the shelf-life of foul milk by incorporating 
chemicals such as carbonates, hydrogen peroxide, bicarbonates, 
caustic soda, salicylic acid, antibiotics and even the extreme 
deadly substance formalin (Francis et al., 2020). Milk adulteration 
not only affects the quality but it can be hazardous for health if 
consumed (Gondim et al., 2017).

Nanotechnology is an emerging technological development 
and from the past decade, glance of its wide potential has known 

been witnessed in different fields like catalysis Banin  et  al. 
(2021), fuel cells development Choi  et  al. (2019), lithium-
sulphur ion batteries Wang et al. (2017), etc. There is a lot of 
toxicants added in milk as adulteration by using nanotechnology 
the recent research is emphasizing on, salicylic acid (C7H6O) 
which is known to be added in milk as a preservative in order 
to enhance shelf life and is associated with gastric irritation, 
bleeding, diarrhea, renal disease and even death in mammals 
(Nagraik et al., 2021). Traditional detection methods of salicylic 
acid (SA) include high-end advanced instruments that are 
LCMS (Liquid Chromatography-Mass Spectrometry) (Protasiuk 
& Olejnik, 2018), Gas Chromatography-Mass Spectroscopy 
(Božić Luburić et al., 2022) TLC, and High-Performance Liquid 
Chromatography (Pyka-Pająk et al., 2018).

These methods need to demolish samples in the operation 
process, and most of them also require to regulate pretreatment 
of sample. The operation technique in the analysis is complicated, 
which escalates the detection complexity and is not applicable 
in large-scale practice (He  et  al., 2021). Additionally, due to 
their sheer dimensions and complex control, these methods and 
equipment are out of the reach of consumers and distributors. 
Due to these gaps, there is an urgent need to develop such in-
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situ technique that is time efficient, easy to operate, sensitive 
and rapid analysis of milk purity is required.

Moreover, nanotechnology taking up the foreground, there is 
a moderate yet significant formation in the synthesis of diminutive 
devices for recognition of melamine, hydrogen peroxide, urea, 
salicylic acid and various other milk adulterants utilizing different 
metallic and optical properties of nanoparticles that are gold 
(Au), silver (Ag) and ZrO2 (zirconium dioxide) (Nataraj et al., 
2021; Zhou et al., 2020; Wang et al., 2014). For instance, Taheri 
& Alizadeh (2020) studied electro-static interactions within 
negatively charged anionic salicylic acid and sorbent along with 
applied positive potentials during electro-sorption at the high 
surface coated rod sheet having LOD (Limit of Detection) and 
RSD% (relative standard deviation) at 5–100 nano-mol L−1, 
1.4 nano-mol L−1 and 4.9 (n = 5), correspondingly. Another study 
by Cao et al. (2019) utilizing gold nanoparticles doped graphene 
hydrogel nanocomposites (AuNPs-GHs) reported a detection of 
IAA (indole-3-acetic acid) and Salicylic acid utilizing chrono-
amperometric quantification. The limit of detection (S/N = 3) 
was intended to be 0.22 μM for salicylic acid and 0.21 μM for 
IAA in spiked samples showing satisfactory consequences.

Recently, Anu et al. (2017) proposed a novel lateral flow strip 
composed of colloidal selenium synthesized by L-ascorbic acid 
for detection of adulterants in milk and milk powders. The limit 
of detection for test strip out reached to 150 µg/kg and 1,000 µg/
kg, in milk and powder milk respectively having storage life of 
1 year at ambient room temperature.

In above studies, the main postulate of sensing principally 
relies on pre-fabricated nanoparticles following by the 
functionalization, modification and aggregation of synthesized 
nanoparticles because of the presence of adulterant, which is a 
time-consuming procedure. The synthesis of low-cost, simple and 
rapid detection method for salicylic acid and other adulterants 
that is easily understood even by an unskilled or inexperienced 
person, by cognizance of a portable gadget is highly advisable.

By this study, a rapid alternate of detecting salicylic acid in 
milk by green synthesis of selenium nanoparticles using Allium 
sativum extract as a reducing agent is revealed. In this current 
study, a novel detecting methodology is reported for the first 
time via a solitary step by process of interference using garlic 
extract in the formation of Se nanoparticles. Garlic was selected 
because it is broadly represented for its remarkable therapeutic 
properties, since prehistoric duration. Its main compounds showed 
various properties like anti-hypertension, anti-hyperlipidemic 
(Amarakoon & Jayasekara, 2017), anti-microbial (Parvez, 

2018), anti-glycemic (Ishak et al., 2018) anti-cancer (Li et al., 
2018), anti-cardiovascular disease and anti-neurological disease 
(Netzel, 2020). Therefore, it is reasonable to conclude that the 
green synthesized selenium nanoparticles capping with extract 
metabolites of garlic can be a significant nanomaterial with latent 
therapeutic importance. Additionally, these sensors based on 
nanoparticles supply excellent sensitivity (≤0.1%), great precision 
(RSD ˂ 6%) minimal cost (as no enzyme is requisite) and easy 
analysis, including milk samples handling (Seddaoui et al., 2022).

The novelty of this approach is that, it is sensitive enough 
to detect the analytes even at trace levels or it display acceptable 
linearity covering a wide dynamic range. These nano-based 
sensors are reproducible as well as accurate, meaning it give the 
selfsame results over time for same samples. These also exhibit fast 
response in time recovery on field applications. Real time rapid 
monitoring or minimal recovery time are together prerequisites 
for reusability and functionality of stable biosensors.

2 Materials and Methods
2.1 Materials

Salicylic acid (Vetec), sodium selenite 99.95% (sigma), Sodium 
hydroxide pellets (S D Fine-Chem Limited), hydrochloric acid 
(BASF), pottasium hexacynoferate (3.6% aquous), zinc sulfate 
(7.2% aquous) were utilized as received without any additional 
purification.

All of the stock and sub-stock solutions were stored under 
dark conditions at 4 0C in order to eliminate photochemical 
reactions and remained for minimum 10-15 days. Purified 
distilled water having conductivity of less than 0.10 µS cm-1 at 
25 °C was utilized all over experiment.

2.2 Sample preparation

The milk samples were obtained from local market and 
stored in amber glass beakers at a temperature range of 4 to 
5 °C. These milk samples were processed by removing fat and 
protein to eliminate any chance of interaction with synthesized 
nanoparticles. To remove this uncertainty, milk fat and protein 
was separated from test sample for accurate results by following 
(Inamuddin & Kanchi, 2020). For this purpose, 10 mL of raw 
milk was transferred into centrifuge tube along with 2.5 mL of 
Potassium hexacyanoferrate (K4Fe(CN)6.H2O and 2.5 mL of Zinc 
Sulphate Zn (SO4). The complete solution was then subjected to 
mixing/shaking for 1-2 minutes as shown in Figure 1.

Figure 1. Preparation of milk sample.
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The final milk solution obtained was centrifuged twice 
at 4500 rpm for 5 minutes and at 10500 rpm for 10 minutes. 
The centrifuged sample goes under filtration by the help of 
0.22 μM filter paper and supernatant was separated by the help 
of syringe in a clean beaker.

A sample aliquot or standard salicylic acid along with 0.5 mL 
of Se nanoparticles were measured accurately into a 20 mL 
beaker. pH of solution was afterward adjusted to 8.0 using 0.1 M 
HCL/NaOH. After this, incubation was performed at 40 °C for 
10 minutes. Finally, absorption spectra were recorded, respectively.

2.3 Preparation of selenium nanoparticles and its 
characterization

The selenium nanoparticles were synthesized by following 
the protocol of (Anu et al., 2017). A 10 mL of the garlic extract 
was admixture with 60 mL of 20 mM Sodium selenite powder 
(Na2SeO3) and was heated at 70 °C for 15 minutes using magnetic 
stirrer at speed of 150 rpm at specific alkaline pH of 8.0. After this, 
the solution was agitated on ambient room temperature for about 
10 minutes until the color switched from pale yellow to brick red 
which confirms the synthesis of colloidal selenium nanoparticles.

This characterization of Se nanoparticles was performed using 
UV-VIS Spectrophotometer (C-7200S), Bruker D2-Phaser X-Rays 
Diffraction (XRD) and The Nova Nano SEM 450 field-emission 
scanning electron microscope (FE-SEM). The salicylic acid was 
added according to the ordinary addition protocol followed by 
(Alagesan & Venugopal, 2019). The various concentrations of salicylic 
acid spiked milk were evaluated using DS5 dual beam UV-Visible 
spectrophotometer scan from 200 nm to 800 nm. The detection limit 
defined in the manuscript, is the lowest quantity of analyte that can 
be differentiated from the blank (sample containing no analyte).

3 Results and discussion
The synthesized or fabricated Se nanoparticles were identified 

visually by time-dependent color variation during mixture 
reaction. The solution changes color from orange to brick red. 
After the incubation time of 24 hours, no further color variation 
was observed. Change in color was observed because surface of 
the particles has exciting plasmon vibrations called as Surface 
Plasmon Resonance (SPR). SPR of Se nanoparticles gives specified 
spectroscopy signature that is easily readable on SEM (scanning 
electron microscopy), XRD (X-ray diffraction) and UV-VIS 
spectrophotometer. These methodologies have been utilized for 
the detection of diverse chemical and physical features of fabricated 
nanoparticles. The morphology characteristics of the nanoparticle 
is achieved by SEM which is of great impact as morphology always 
influences most of the nanoparticle properties. Characterization 
of structure is significant to study the nature and composition of 
bond materials. The XRD and EDX are also additionally done 
for the structural characterization of nanoparticles. UV-visible 
spectroscopy is used for the optical features of selenium nanoparticles.

3.1 Description of characterization of nanoparticles

SEM analysis is performed for the analysis of size and shape 
of synthesized nanoparticles as shown in Figure 2 reveals that 

the biosynthesized Se nanoparticles has interconnected lobes 
structures with particle diameter range of 200 nm, 500 nm 
and 1 µm. Shakibaie  et  al. (2015) also formed spherical Se 
nanoparticles having huge frequency of 120-140 nm within 
the range of 80-220 nm. The high magnification SEM analysis 

Figure 2. SEM images representing size and morphology of Se 
nanoparticles. (a) 1µm; (b) 200nm; (c) 500 nm.
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reveals spherical lobes like aggregated nanostructures in a 
regular fashion. The homogeneity in SEM spectra describes 
single structure morphology of synthesized Se nanoparticles 
having average particle size of 50 nm. Similar results of SEM at 
200 nm were found in (Salem et al., 2022). The nano structure 
with enhanced surface area are responsible for higher activity 
binding properties towards sensing (Liao et al., 2018).

Analysis by EDX was executed through same equipment to 
realize the elemental configuration of particles. The synthesis of 
elemental structure examination through SEM–EDX observed 
the presence of strong peak of selenium atom with wt. of 11.89%. 
Results presented in Figure  3 revealed that the structure of 
nanoparticles was composed of single Se atom. Other signals 
shown in Table 1 e.g., C, O, Na, Mg P, K, Cu and Ca peaks was 
also observed advising that they were varied precipitates Se salt 
that is generated by biomolecules present on Se nanoparticles 
surface. These configuration values are in accordance with 
Srivastava & Mukhopadhyay (2015).

Further confirmation was determined by XRD that shows the 
generation of Se°. XRD analysis is used to determine the phase 
distribution, crystalline structure and purity of the biosynthesized 
selenium nanoparticles. Figure 4 shows the XRD patterns of 
developed Se nanoparticles from the garlic extract. It clearly 
designates crystalline structure of synthesized Se nanoparticles. 
The sharp edged peaks were shown at 2Ɵ values are 24.03°, 30.3°, 
44.2°, 52.2°, 54.5° and 56.6°. These values are in accordance 
with Anu Mary Ealia & Saravanakumar (2017) having reference 
number to the JCPDS No. 04-0783 that demonstrate that the Se 
nanoparticles were crystalline in nature having cubical shape 
with no such impurities.

The optical properties of Se nanoparticles shown in Figure 5 were 
determined by UV-VIS Spectrophotometer. After the addition 
of sodium selenite to the plant extract, the spectrum was taken 
in different intervals. The simplest and authentic technique as 
its role in analysis of absorbed or scattered light from a UV-VIS 
region by a substance under examination. The quantified light 
named as extinction (i.e., sum of scattered and absorbed light) 
give the characteristics of this technique. The results obtained by 
UV-VIS Spectroscopy helps in determining the accumulation in a 
sample through scattering. As scattering increases, accumulation 
of particles increases. Moreover, this technique is tool to check 

stability of nanostructure in various solutions and effect of aging 
on it. As the disperse particles agglomerates or destabilized in 
solutions the result can be attained from the extinction peak 
which may shorten due to destabilization of particles and more 
often the peak is either broaden or split into two at different 
wavelengths. The same effect can be seen for aging, in which 

Table 1. SEM–Energy Dispersive X-ray (EDX) showing the existence of K ratio and wt% of a strong peak from selenium element.

Element Line Type Apparent 
Concentration k Ratio wt.% wt.% Sigma Standard Label Factory Standard

C K series 13.68 0.1368 41.57 1.19 C Vit Yes
O K series 30.5 0.10262 30.92 0.69 SiO2 Yes
Na K series 4.96 0.02095 3.12 0.12 Albite Yes
Mg K series 3.17 0.02102 2.54 0.11 MgO Yes
P K series 11.88 0.06646 7 0.18 GaP Yes
K K series 1.85 0.01566 1.47 0.07 KBr Yes
Ca K series 1.71 0.01529 1.4 0.08 Wollastonite Yes
Cu L series 0.05 0.0005 0.08 0.23 Cu Yes
Se L series 9.91 0.09907 11.89 0.31 Se Yes

Total: 100

Figure 3. EDX analysis of different elements along with Se.

Figure 4.  XRD analysis of Selenium Nanoparticles.
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the extinction peak becomes short and broad which shows the 
disintegration of particles over-time (Fedenko et al., 2017).

The results of UV visible spectra of Se nanoparticles shows 
absorbance peaks at wavelength of 425 nm in visible region while 
at 265 nm in the UV region (i.e. λmax=425 nm). The obtained 
results of Se nanoparticles are in accordance with absorbance 
data in literature (Alagesan & Venugopal, 2019). This can be 
concluded from the absorbance spectra that biosynthesized 
nanoparticles are visible active and can be applied in various 
fields due to their characteristic sensor properties.

The Figure 6 shows a comparative spectrum of Se nanoparticles 
and pure milk without any adulterant addition. The pure milk 
has absorbance peak in UV region from 200-300 nm that is 
stated by Fohely & Suardi (2018) which explains no visible 
active species in milk.

3.2 Analysis of spiked milk samples by addition of Salicylic acid

After the pre-treatment of milk samples (i.e., removal of fat 
and protein) salicylic acid was intentionally introduced in order 
to confirm its presence through developed Se nanoparticles.

To validate the advanced method to precisely detect 
salicylic acid in raw milk, effect of different concentrations of 
salicylic acid was checked in raw milk samples. At first, various 
concentration of salicylic acid was added to the raw milk before 
pretreatment of the sample then the samples of raw milk were 
analyzed accordingly and depicted in Figure 7.

3.3 Analysis of adulterated milk using Se nanoparticles

For the detection of salicylic acid, UV–visible spectra of Se 
nanoparticles were observed with varying concentration of salicylic 
acid and percentage transmission results were recorded (Figure 8).

In this process, Nps (0.0025 g/ml) were added and sonicated 
for complete dispersion. After this, salicylic acid was added 
in different concentrations and were incubated at 40 0C for 
10 minutes. The effect of the pH media (4.0 to 11.5) and time 
of reaction over the assay were also measured. The pH 8.0 was 
observed as suitable condition for execution of all experiment. 
It was also observed that the reaction accrued in less than few 

Figure 5. The UV visible spectra of Se nanoparticles.

Figure 6. Comparative spectrum of Se nanoparticles and pure milk.

Figure 7.  Spiked milk samples incorporated with salicylic acid.

Figure 8. Analysis of salicylic acid in milk with Selenium Nanoparticles.
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seconds and increased slightly after 10 minutes. Therefore, the 
incubation time for the following samples was set at 10 minutes 
in order to get the best results.

The UV spectrophotometer results presented in Figure 8 showed 
highly fast (time of absorbance ˂ 1 minute) with increasing 
concentration of salicylic acid along with the decrease in the 
concentration of salicylic acid after addition of Se nanoparticles. 
The analysis revealed that there is a strong binding capacity of Se 
nanoparticles with salicylic acid. On addition of biosynthesized 
Se nanoparticles, the surface group present on Se nanoparticles 
selectively binds salicylic acid and forms a complex. Upon 
centrifugation, Se nanoparticles with salicylic acid settled down 
resulting in deconcentrating of salicylic acid in milk samples. 
The Figure 9 is showing reproducibility of Se nanoparticles in 
identification of adulterant.

3.4 Absorption mechanism of salicylic acid on Se 

nanoparticles
The Figure  10 exhibits a chemical structure of salicylic 

acid, that comprises carboxylic group (COOH) and hydroxy 
(OH) groups, having aromatic ring bonded with adjoining 
carbon atoms. The proposed adsorption procedure intricate 
bonding of bidentate chelating and bidentate bridging, involving 
outer sphere and inner bonding sphere. (Ata  et  al., 2014) 
Figure  11 represents chemical structures of the molecules 
applicable as dispersants. The negatively charged ion on the 
molecules are attributed to their COOH groups. The adsorption 
of numerous organic molecules on surface oxide in water 
suspension underline the significance of functionality groups, 
bonded to adjacent carbon atoms of the benzoic ring, like 
COOH and OH groups of salicylates, two atoms of OH in 
catecholates, and two atoms of COOH in phthalates. These 
groups make complex with chelation of metal atoms upon the 
surface of particle and provide adsorption of the adulterant 
as shown in Figure 12 depicting Fabrication of coordination 
structures by chemisorption of salicylic acid.

3.5 Limit of detection (LOD)

For the evaluation of LOD, increasing amount of SA was spiked 
in pre-prepared milk sample followed by incorporation of inducer 
(NaOH; 1 mM solution). We find the sensing method for amount 
dependent inhibition of Se nanoparticles aggregation for detection 
of salicylic acid by UV–vis spectroscopy. The biosynthesized Se 
nanoparticles shows enhanced binding properties with salicylic 
acid having detection limit of 10-3 mol which makes it suitable 
for bioactive sensitive material to detect different adulterants in 
milk samples. This study is further confirmed by (Hussain et al., 
2020) that detects thiram and dicyandiamide in liquid milk 
using core shelled gold-silver nanoparticles.

Figure 9. Reproducibility of Se nanoparticles in identification of 
adulterant.

Figure 10. Chemical Structure of Salicylic Acid.|

Figure 11. Chemisorption of Salicylic Acid with SeNps.
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4 Conclusion
This current study was planned to synthesize the Se nanoparticles-

based material for detection of adulterant (salicylic acid) in milk. 
The selenium nanoparticles were prepared through green approach 
which is considered as a safe, simple, cost-effective, non-toxic 
and eco-friendly as compared to the physical and chemical 
approaches. Allium Sativum was used as a base material which 
act as a reducing and stabilizing agent. The green synthesized 
Se nanoparticles were successfully characterized using different 
analytical techniques to verify their activity. The results after the 
characterization explicated that synthesized nanoparticles were 
in the range of an average size of 50 nm. The UV absorption peak 
was observed at λmax = 425 nm which clearly expressed the 
synthesis of Se nanoparticles. Furthermore, a concentration of 
250 µm and 350 µm of salicylic acid in liquid milk was detected 
by the colloidal Se nanoparticles of 0.0025 g/mL indicating 
detection limit of 10-3 mol. This detection technique is rapid having 
linear dependent co-efficient of 0.9907 and could exhibit good 
selectivity against various other potential interfering analytes. 
Conclusively, it can be drawn hereafter, that colloidal selenium 
could be synthesized successfully by garlic extract in order to 
serve as a probe for fast and cheap testing of milk adulteration.

Ethics approval
This article does not require IRB/IACUC approval because 

there are no human and animal participants.

Conflict of interest declaration and author agreement
The authors have no conflict of interest.

Author contributions
Conceptualization: Rashna Aftab. Validation: Adnan Khaliq. 

Experimental design: Muhammad Farhan Jahangir Chughtai. 
Laboratory work and data collection: Rashna Aftab. Manuscript 
writing: Atif Liaqat, Samreen Ahsan. Manuscript reviewing: 
Muhammad Adil Farooq, Muhammad Safdar, Muhmmad 
Nadeem. Software: Tariq Mehmood.

Acknowledgements
This research was supported by the Department of Food 

Science and Technology, Khwaja Fareed University of Engineering 
and Information Technology, Rahim yar Khan Pakistan.

References
Alagesan, V., & Venugopal, S. (2019). Green synthesis of selenium 

nanoparticle using leaves extract of withania somnifera and its 
biological applications and photocatalytic activities. BioNanoScience, 
9, 105-116. https://doi.org/10.1007/s12668-018-0566-8.

Amarakoon, S., & Jayasekara, D. (2017). A review on garlic (allium 
sativum l.) as a functional food. Journal of Pharmacognosy and 
Phytochemistry, 6, 1777-1780.

Anu Mary Ealia, S., & Saravanakumar, M. P. (2017). A review on the 
classification, characterisation, synthesis of nanoparticles and their 
application. IOP Conference Series. Materials Science and Engineering, 
263, 032019. http://dx.doi.org/10.1088/1757-899X/263/3/032019.

Anu, K., Singaravelu, G., Murugan, K., & Benelli, G. (2017). Green-synthesis 
of selenium nanoparticles using garlic cloves (allium sativum): biophysical 
characterization and cytotoxicity on vero cells. Journal of Cluster Science, 
28(1), 551-563. http://dx.doi.org/10.1007/s10876-016-1123-7.

Ata, M. S., Liu, Y., & Zhitomirsky, I. (2014). A review of new methods 
of surface chemical modification, dispersion and electrophoretic 
deposition of metal oxide particles. RSC Advances, 4(43), 22716-
22732. http://dx.doi.org/10.1039/c4ra02218a.

Banin, U., Waiskopf, N., Hammarström, L., Boschloo, G., Freitag, M., 
Johansson, E. M., Sá, J., Tian, H., Johnston, M., Herz, L., Milot, 
R. L., Kanatzidis, M. G., Ke, W., Spanopoulos, I., Kohlstedt, K. 
L., Schatz, G. C., Lewis, N., Meyer, T., Nozik, A. J., Beard, M. C., 
Armstrong, F., Megarity, C. F., Schmuttenmaer, C. A., Batista, V. S., 
& Brudvig, G. W. (2021). Nanotechnology for catalysis and solar 
energy conversion. Nanotechnology, 32(4), 042003. http://dx.doi.
org/10.1088/1361-6528/abbce8. PMid:33155576.

Bansal, S., Singh, A., Mangal, M., Mangal, A. K., & Kumar, S. (2017). 
Food adulteration: sources, health risks, and detection methods. 
Critical Reviews in Food Science and Nutrition, 57(6), 1174-1189. 
http://dx.doi.org/10.1080/10408398.2014.967834. PMid:26054861.

Božić Luburić, Đ., Bilandžić, N., Varenina, I., Varga, I., Solomun 
Kolanović, B., Vratarić, D., & Radojčić Redovniković, I. (2022). The 
analysis of acidic and basic non-steroidal anti-inflammatory drugs 
in milk and muscle samples: a comprehensive analytical approach 
using UHPLC-MS/MS. Food Additives & Contaminants. Part A, 
Chemistry, Analysis, Control, Exposure & Risk Assessment, 39(2), 
256-271. PMid:34732108.

Cao, X., Zhu, X., He, S., Xu, X., Ye, Y., & Gunasekaran, S. (2019). Gold 
nanoparticle-doped three-dimensional reduced graphene hydrogel 
modified electrodes for amperometric determination of indole-3-
acetic acid and salicylic acid. Nanoscale, 11(21), 10247-10256. http://
dx.doi.org/10.1039/C9NR01309A. PMid:31111132.

Choi, Y., Cha, S. K., Ha, H., Lee, S., Seo, H. K., Lee, J. Y., Kim, H. Y., 
Kim, S. O., & Jung, W. (2019). Unravelling inherent electrocatalysis 

Figure 12. Fabrication of coordination structures by chemisorption of Salicylic Acid.

https://link.springer.com/journal/12668
https://doi.org/10.1088/1757-899X/263/3/032019
https://doi.org/10.1007/s10876-016-1123-7
https://doi.org/10.1039/c4ra02218a
https://doi.org/10.1088/1361-6528/abbce8
https://doi.org/10.1088/1361-6528/abbce8
https://doi.org/10.1080/10408398.2014.967834
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26054861&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34732108&dopt=Abstract
https://doi.org/10.1039/C9NR01309A
https://doi.org/10.1039/C9NR01309A
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31111132&dopt=Abstract


Food Sci. Technol, Campinas, 43, e67022, 20238

Salicylic acid detection with selenium nanoparticles

of mixed-conducting oxide activated by metal nanoparticle for fuel 
cell electrodes. Nature Nanotechnology, 14(3), 245-251. http://dx.doi.
org/10.1038/s41565-019-0367-4. PMid:30778213.

Fedenko, V. S., Shemet, S. A., & Landi, M. (2017). Uv-vis spectroscopy 
and colorimetric models for detecting anthocyanin-metal complexes 
in plants: an overview of in vitro and in vivo techniques. Journal 
of Plant Physiology, 212, 13-28. http://dx.doi.org/10.1016/j.
jplph.2017.02.001. PMid:28242414.

Fohely, F., & Suardi, N. (2018). Study the characterization of spectral 
absorbance on irradiated milk protein. Journal of Physics: Conference 
Series, 995, 012056. http://dx.doi.org/10.1088/1742-6596/995/1/012056.

Francis, A., Dhiman, T., & Mounya, K. S. (2020). Adulteration of milk: 
a review. Journal of Science and Technology, 5, 37-41.

Gondim, C. S., Junqueira, R. G., de Souza, S. V. C., Callao, M. P., & 
Ruisánchez, I. (2017). Determining performance parameters in 
qualitative multivariate methods using probability of detection (pod) 
curves. Case study: two common milk adulterants. Talanta, 168, 23-
30. http://dx.doi.org/10.1016/j.talanta.2016.12.065. PMid:28391847.

He, Y., Bai, X., Xiao, Q., Liu, F., Zhou, L., & Zhang, C. (2021). Detection 
of adulteration in food based on nondestructive analysis techniques: 
a review. Critical Reviews in Food Science and Nutrition, 61(14), 
2351-2371. http://dx.doi.org/10.1080/10408398.2020.1777526. 
PMid:32543218.

Hussain, A., Sun, D.-W., & Pu, H. (2020). Bimetallic core shelled 
nanoparticles (au@ agnps) for rapid detection of thiram and 
dicyandiamide contaminants in liquid milk using sers. Food Chemistry, 
317, 126429. http://dx.doi.org/10.1016/j.foodchem.2020.126429. 
PMid:32109658.

Inamuddin, K. S., & Kanchi, S. (2020). One-pot biosynthesis of silver 
nanoparticle using colocasia esculenta extract: Colorimetric detection 
of melamine in biological samples. Journal of Photochemistry and 
Photobiology A Chemistry, 391, 112310. http://dx.doi.org/10.1016/j.
jphotochem.2019.112310.

Ishak, I., George, P., Ibrahim, F. W., Yahya, H. M., & Farah, N. (2018). 
Acute modulatory effects of apple cider vinegar, garlic, ginger, lemon 
and honey mixture, with and without exercise on postprandial 
glycemia in non-diabetic females. Malaysian Journal of Health 
Sciences, 16, 105-111.

Li, Z., Le, W., & Cui, Z. (2018). A novel therapeutic anticancer property 
of raw garlic extract via injection but not ingestion. Cell Death 
Discovery, 4, 108. http://dx.doi.org/10.1038/s41420-018-0122-x. 
PMid:30479841.

Liao, F., Han, X., Zhang, Y., Chen, H., & Xu, C. (2018). CTAB-assisted 
solvothermal synthesis of ultralong t-selenium nanowires and bundles 
using glucose as green reducing agent. Materials Letters, 214, 41-44. 
http://dx.doi.org/10.1016/j.matlet.2017.11.113.

Nagraik, R., Sharma, A., Kumar, D., Chawla, P., & Kumar, A. P. (2021). 
Milk adulterant detection: conventional and biosensor based 
approaches: a review. Sensing and Bio-Sensing Research, 33, 100433. 
http://dx.doi.org/10.1016/j.sbsr.2021.100433.

Nataraj, N., Krishnan, S. K., Chen, T.-W., Chen, S.-M., & Lou, B. S. (2021). 
Ni-doped zro 2 nanoparticles decorated mw-cnt nanocomposite for 
the highly sensitive electrochemical detection of 5-amino salicylic 
acid. The Analyst, 146(2), 664-673. http://dx.doi.org/10.1039/
D0AN01507E. PMid:33206733.

Netzel, M. E. (2020). Garlic: much more than a common spice. Basel, 
Switzerland: Multidisciplinary Digital Publishing Institute.

Parvez, A. (2018). Local varieties of allium sativum has more effective 
antimicrobial property compared to imported variety. Bangladesh: 
BRAC University.

Protasiuk, E., & Olejnik, M. (2018). Determination of salicylic acid in 
feed using LC-MS/MS. Journal of Veterinary Research, 62(3), 303-
307. http://dx.doi.org/10.2478/jvetres-2018-0044. PMid:30584609.

Pyka-Pająk, A., Dołowy, M., Parys, W., Bober, K., & Janikowska, G. 
(2018). A simple and cost-effective TLC-densitometric method for 
the quantitative determination of acetylsalicylic acid and ascorbic 
acid in combined effervescent tablets. Molecules (Basel, Switzerland), 
23(12), 3115. http://dx.doi.org/10.3390/molecules23123115. 
PMid:30487409.

Salem, S. S., Badawy, M. S. E., Al-Askar, A. A., Arishi, A. A., Elkady, 
F. M., & Hashem, A. H. (2022). Green biosynthesis of selenium 
nanoparticles using orange peel waste: charecterization, antibacterial 
and antibiofilm activities against multidrug-resistant bacteria. 
Life (Basel, Switzerland), 12(6), 893. http://dx.doi.org/10.3390/
life12060893. PMid:35743924.

Seddaoui, N., Attaallah, R., & Amine, A. (2022). Development of an 
optical immunoassay based on peroxidase-mimicking Prussian blue 
nanoparticles and a label-free electrochemical immunosensor for 
accurate and sensitive quantification of milk species adulteration. 
Mikrochimica Acta, 189(5), 209. http://dx.doi.org/10.1007/s00604-
022-05302-9. PMid:35501410.

Shakibaie, M., Forootanfar, H., Golkari, Y., Mohammadi-Khorsand, 
T., & Shakibaie, M. R. (2015). Anti-biofilm activity of biogenic 
selenium nanoparticles and selenium dioxide against clinical isolates 
of Staphylococcus aureus, Pseudomonas aeruginosa, and Proteus 
mirabilis. Journal of Trace Elements in Medicine and Biology, 29, 235-
241. http://dx.doi.org/10.1016/j.jtemb.2014.07.020. PMid:25175509.

Srivastava, N., & Mukhopadhyay, M. (2015). Green synthesis and 
structural characterization of selenium nanoparticles and assessment 
of their antimicrobial property. Bioprocess and Biosystems Engineering, 
38(9), 1723-1730. http://dx.doi.org/10.1007/s00449-015-1413-8. 
PMid:25972036.

Taheri, N., & Alizadeh, N. (2020). Vertically grown nanosheets conductive 
polypyrrole as a sorbent for nanomolar detection of salicylic acid. 
Journal of Pharmaceutical and Biomedical Analysis, 188, 113365. 
http://dx.doi.org/10.1016/j.jpba.2020.113365. PMid:32505891.

Varun, S., Kiruba Daniel, S. C. G., & Gorthi, S. S. (2017). Rapid sensing 
of melamine in milk by interference green synthesis of silver 
nanoparticles. Materials Science and Engineering C, 74, 253-258. 
http://dx.doi.org/10.1016/j.msec.2016.12.011. PMid:28254292.

Wang, T., Kretschmer, K., Choi, S., Pang, H., Xue, H., & Wang, G. 
(2017). Fabrication methods of porous carbon materials and 
separator membranes for lithium–sulfur batteries: development 
and future perspectives. Small Methods, 1(8), 1700089. http://dx.doi.
org/10.1002/smtd.201700089.

Wang, Z., Zhi, D., Zhao, Y., Zhang, H., Wang, X., Ru, Y., & Li, H. (2014). 
Lateral flow test strip based on colloidal selenium immunoassay for 
rapid detection of melamine in milk, milk powder, and animal feed. 
International Journal of Nanomedicine, 9, 1699-1707. http://dx.doi.
org/10.2147/IJN.S58942. PMid:24729705.

Zhou, M., Yin, J., Zhao, X., Fu, Y., Jin, X., Liu, X., & Jiao, T. (2020). Green 
synthesis of gold nanoparticles using sargassum carpophyllum extract 
and its application in visual detection of melamine. Colloids and 
Surfaces. A, Physicochemical and Engineering Aspects, 603, 125293. 
http://dx.doi.org/10.1016/j.colsurfa.2020.125293.

https://doi.org/10.1038/s41565-019-0367-4
https://doi.org/10.1038/s41565-019-0367-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30778213&dopt=Abstract
https://doi.org/10.1016/j.jplph.2017.02.001
https://doi.org/10.1016/j.jplph.2017.02.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28242414&dopt=Abstract
https://doi.org/10.1088/1742-6596/995/1/012056
https://doi.org/10.1016/j.talanta.2016.12.065
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28391847&dopt=Abstract
https://doi.org/10.1080/10408398.2020.1777526
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32543218&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32543218&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2020.126429
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109658&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109658&dopt=Abstract
https://doi.org/10.1016/j.jphotochem.2019.112310
https://doi.org/10.1016/j.jphotochem.2019.112310
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Malaysian Journal of Health Sciences
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Malaysian Journal of Health Sciences
https://doi.org/10.1038/s41420-018-0122-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30479841&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30479841&dopt=Abstract
https://doi.org/10.1016/j.matlet.2017.11.113
https://doi.org/10.1016/j.sbsr.2021.100433
https://doi.org/10.1039/D0AN01507E
https://doi.org/10.1039/D0AN01507E
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206733&dopt=Abstract
https://doi.org/10.2478/jvetres-2018-0044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30584609&dopt=Abstract
https://doi.org/10.3390/molecules23123115
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30487409&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30487409&dopt=Abstract
https://doi.org/10.3390/life12060893
https://doi.org/10.3390/life12060893
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35743924&dopt=Abstract
https://doi.org/10.1007/s00604-022-05302-9
https://doi.org/10.1007/s00604-022-05302-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35501410&dopt=Abstract
https://doi.org/10.1016/j.jtemb.2014.07.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25175509&dopt=Abstract
https://doi.org/10.1007/s00449-015-1413-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25972036&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25972036&dopt=Abstract
https://doi.org/10.1016/j.jpba.2020.113365
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32505891&dopt=Abstract
https://doi.org/10.1016/j.msec.2016.12.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28254292&dopt=Abstract
https://doi.org/10.1002/smtd.201700089
https://doi.org/10.1002/smtd.201700089
https://doi.org/10.2147/IJN.S58942
https://doi.org/10.2147/IJN.S58942
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24729705&dopt=Abstract
https://doi.org/10.1016/j.colsurfa.2020.125293

