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Abstract  

Adulteration of milk and milk products is a serious concern for the dairy industry. Adulteration not only cheats the 

consumer, but also results in various health implications. Various methodologies have been devised over decades for 

detecting adulterants in milk. However, some of these methods have limitations in sensitivity, while others; although 

very sophisticated and sensitive, involve complicated sample preparation. Quantum dots with versatile applications have 

shown competency in overcoming the above said limitations. Quantum dots exhibit excellent fluorescent characteristics, 

which form the basic foundation for their usage in this field. In this paper, we discuss the different types of quantum dots 

which have been used over the recent years to detect various adulterants which are commonly found in milk. 
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Introduction:  

Quantum Dots (QDs) are semi-conductor non-crystals 

that are typically composed of group II-VI or group III-V 

elements such as Cadmium Selenide or Indium 

Phosphide. Mostly, these are coated with a shell material 

like zinc sulfide to enhance their stability and quantum 

yield (Bonilla et al., 2016). Size of QDs basically ranges 

between 1 to 10 nm. The fluorescence properties of QDs 

make them ideally suitable for various set of applications. 

These fluorescence characteristics are primarily because 

of the quantum confinement effects of QDs. In simple 

words, due to quantum confinement, the size of particle 

decreases, which leads to increase in energy bandgap. 

This alteration in energy bandgap results in emission of 

light rays of shorter-wavelength (higher energy) (Xiao-

Yue et al., 2020). Although the phenomenon of the 

fluorescence emergence of QDs is debatable, the 

fluorescence property of QDs relies on electron excitation 

and relaxation processes. Other reported mechanisms 

comprise of the quantum size effect, surface defect states, 

and molecular and molecule like states. In nutshell, when 

a specific wavelength of a photon is absorbed by a 

quantum dot, an electron is excited to a higher energy 

state, leaving behind a hole with a positive charge. Upon 

recombination of electron and hole, fluorescence is 

released in the form of energy. This fluorescence depends 

highly on the quantum dot size and composition. 

Accordingly, the main mechanisms that contribute to the 

detection capabilities of the QDs can be categorized into 

FRET (Fluorescence resonance energy transfer), PET 

(Photo-induced electron transfer), fluorescence quenching 

and IFE (Internal filter effect).These properties help QDs 

to be employed in bio-sensors, bio-imaging, and detection 

systems of chemicals and contaminants, including 

identification of adulterants in milk (Shi et al., 2019). 

In dairy industry, QDs have gained attention for their 

potential usage in detecting adulterants and contaminants 

in milk. Their fluorescence-based detection capabilities 

result in high sensitivity in identifying adulterants even at 

trace levels. In contrast to other advanced adulteration 

detecting methodologies, such as chromatography, 

spectroscopy and immunoassays, QDs provide rapid 

results. This makes the process of detection of milk 

adulterants more efficient and cost-effective. Milk 

adulteration refers to the intentional addition of foreign 

substances, either to increase volume, enhance 

appearance, or falsely boost fat or protein content, that 

ultimately leads to the economic benefit of the producers. 

Adulterants can be broadly categorized into non-toxic 

adulterants (e.g. water, starch, skim milk powder and 

many others) and toxic adulterants (e.g. melamine, 

detergents, formalin, hydrogen peroxide and urea). While 

dilution with water is a common form of adulteration that 

lowers nutritional value, toxic adulterants are particularly 

dangerous and can lead to severe health complications 

such as gastrointestinal disorders, kidney failure, and 

cancer (Poonia et al., 2016). 

Given the severity of these adulterants, rapid and highly 

sensitive detection devices are required to ensure food 

safety and public health. A considerable number of 
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adulterant identification methodologies are available and 

are quite prevalent, but because of their limitations in 

sensitivity and reproducibility, the shift is towards 

advanced adulteration detecting methodologies which can 

overcome the aforesaid limitations. Some of them are 

High-Performance liquid Chromatography (HPLC), Gas 

chromatography-mass spectrometry (GC-MS), and near-

infrared (NIR) spectroscopy. However, these techniques 

often require complex sample preparation, skilled 

personnel, and high-cost instruments. Time required for 

the detection of the samples play an important role as 

well. Quantum Dot-based technologies offer a promising 

alternative due to their high sensitivity, real-time 

detection capability and ease of use (Nagraik et al., 
2021). 

Quantum dot-based sensors offer a rapid and highly 

sensitive alternative for detecting milk adulterants. The 

functionalization of QDs with selective recognition 

molecules, such as antibodies or aptamers, enables the 

detection of specific adulterants through fluorescence 

quenching or enhancement mechanisms (Shalileh et al., 

2023). Recent applications of QDs in milk adulterant 

identification include fluorescence-based detection, bio-

sensors and establishment of better forms of E-nose and 

E-tongue. In fluorescence-based detection, QDs can be 

functionalized to bind specific adulterants, producing a 

fluorescence signal upon interaction. This approach has 

been used to detect melamine, urea and formaldehyde in 

milk samples. QD -based biosensors have been developed 

to detect enzymatic changes caused by adulterants. QDs 

have also been incorporated into electronic nose and 

tongue systems for real-time adulterant detection, thereby 

improving the accuracy and efficiency of milk quality 

assessment (Srivastava et al., 2017). QDs have been 

widely employed to detect heavy metals, food borne 

pathogens, food additives, pesticide residues, veterinary 

drugs, adulterants, nutritional components and many 

others (Xiao-Yue et al., 2020). In this paper, we keep our 

focus restricted to the application of QDs in milk 

adulteration only. 

Methodologies for detecting adulteration in 

milk: 

Milk adulteration remains a major public health concern. 

Traditional physico-chemical methods for inspecting 

adulterants comprise pH, density, alcohol, clot-on-

boiling, freezing point assessments and many others. The 

lactometer test measures the specific gravity or density of 

milk. Adulteration with water reduces the density, while 

thickening agent’s incorporation increases it. (Poonia et 

al., 2016). Alcohol and clot-on-boiling test detects 

presence of detergents, starch and other contaminants. 

Presence of synthetic chemicals indicates a positive COB 

test which refers to protein denaturation (Bonilla et al., 
2016). Water adulteration can also be detected by 

measuring the depression in freezing point. Unadulterated 

milk freezes at -0.54°C; any deviation suggests dilution 

with water (Xiao-Yue et al., 2020). Although the 

aforesaid methodologies provide a cost-effective 

approach, but are sometimes imprecise for detecting few 

adulterants such as water, urea, starch and so forth. As a 

result, there has been a paradigm shift to advanced 

adulterant detecting techniques, which is being discussed 

as follows.  

Recent cutting edge adulteration technologies include 

chromatographic techniques, such as HPLC and GC-MS. 

These techniques enable precise quantification of 

adulterants like urea, melamine, formaldehyde and many 

others, but require expensive equipment and skilled 

personnel (Bonilla et al., 2016). In addition, these 

methodologies are quite time consuming and the sample 

preparation is quite complex. Apart from the aforesaid, 

industries accepted the application of FTIR (Fourier 

infrared spectroscopy) and Raman spectroscopy as rapid 

adulteration detection techniques. FTIR is a 

nondestructive technique based on their unique spectral 

signatures (Xiao-Yue et al., 2020). Raman spectroscopy 

provides molecular fingerprints of milk components and 

is being utilized in detection of synthetic adulterants 

(Poonia et al., 2016). In recent years, biosensor-based 

adulterant detection methods have also gained popularity. 

Few of these sensors, includes surface plasmon resonance 

(SPR), electrochemical, enzymatic and immuno bio-

sensors. Enzymatic Biosensors detects urea, hydrogen 

peroxide and other adulterants based on enzyme-substrate 

interactions, subsequently producing measurable 

electrochemical signals (Nagraik et al., 2021). 

Immunosensors are antibody-based biosensors which 

provide high specificity for contaminants such as 

antibiotics and pesticides (Shalileh et al., 2023). Although 

bio-sensors offer portability and high specificity, but it 

requires further validation for routine uses. Meanwhile, 

immunological techniques such as Enzyme-Linked 

Immunosorbent Assay (ELISA) offer high specificity for 

detecting protein-based adulterants but demand 

specialized antibodies and laboratory settings. 

Furthermore, Polymerase Chain Reaction (PCR) provides 

molecular-level detection of adulterants, particularly for 

identifying milk from different species, though it is 

ineffective for non-DNA-based adulterants (Deng et al., 

2020). Other emerging techniques, such as electronic 

noses and tongues, analyze volatile compounds and taste 

patterns to detect adulteration and spoilage, though they 

require extensive calibration to improve specificity 

(Tudor Kalit et al., 2014). These methodologies, when 

integrated with chemometric tools, promise more robust 

and accessible detection frameworks for ensuring milk 

quality, thus marking it as safe. The following table 

(Table 1) summarizes various adulterant detecting 

techniques, underlying principle and limitations. 
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Table 1: List of methods for detection of adulterants 

S. No Methods Principle 
Target 

Adulterants 
Limitations References 

1. 
Physico-chemical 

methods 

Change in pH, density, 

colour and refractive 

index 

Water, urea, starch, 

detergents 

Less precise, labor-

intensive, requires 

multiple tests 

Kamthania et 

al., 2014 

2. 
Spectroscopy 

(FTIR, Raman) 

Detection of molecular 

vibrations and 

interactions 

Urea, melamine, 

formaldehyde, whey 

proteins 

Expensive, requires 

complex data 

analysis 

Xiao-Yue et 

al., 2020 

3. 

Chromatography 

(HPLC, GC-MS and 

many others) 

Separation and 

detection of 

compounds based on 

chemical properties 

Melamine, formalin, 

whey proteins, 

nitrogenous 

compounds 

Expensive 

equipment, time-

consuming 

Joolaei 

Ahranjani et 

al., 2025 

4. 
Immunological 

techniques 

Antigen-antibody 

interaction for specific 

detection 

Melamine, whey 

proteins, exogenous 

proteins 

Requires specific 

antibodies, labour-

intensive 

Chi et al., 

2024 

5. 

Bio-sensors 

(SPR, Piezoelectric 

and optical 

Amperometric) 

Biological recognition 

elements detect 

analytes via signal 

transduction 

Urea, melamine, 

formalin, proteins 

Requires validation, 

expensive sensors 

Nagraik et 

al., 2021 

6. PCR 

DNA-based 

identification of 

adulterants 

Foreign milk species, 

microbial 

contamination 

Cannot detect non-

DNA adulterants 

Deng et al., 

2020 

7. 

Electro-

migration(SDS-

PAGE, Capillary 

Electrophoresis, 

Isoelectric 

Focusing) 

Separation of proteins 

based on molecular 

weight or charge 

Whey proteins, 

exogenous proteins 

Low 

reproducibility, 

complex analysis 

Acunha et al., 
2016 

8. 
Electronic nose and 

tongue 

Detects volatile 

compounds and taste 

patterns 

Synthetic milk, 

detergents, spoilage 

indicators 

Lacks specificity, 

requires calibration 

Tudor Kalit 

et al., 2014 

 

Concept and Mechanism of Quantum Dots 

(QDs) in milk adulteration: 

Quantum dots are versatile accessories, which can be 

used in multiple areas in food and dairy product analysis. 

QDs have specific nanoscale properties, comprising of 

large surface area, heightened surface reactivity, quantum 

confinements and many others. Some of these properties 

can be enhanced and can be modified so as to make it 

suitable as an adulterant detecting tool. For instance, 

fluorescent activity, light scattering and electrochemical 

properties of QDs can be boosted by modifying its size 

resulting in accurate detection of adulterants in milk 

(Valdes et al., 2009; Perez-Lopez et al., 2011) 

Various adulterants in milk can be detected instantly 

when QDs forms bonds with affinity ligands and 

antibodies. There are certain quantum dots like carbon 

dots (CQDs) that shows various intensities of 

fluorescence depending on the pH. Milk has a pH of 6.7, 

but, on microbial spoilage its pH reduces, while on 

addition of adulterants like urea, melamine or other 

nitrogenous source, an increase in pH is observed. This 

change in pH can be easily detected if milk is being 

inspected with CQDs (Pang, 2020). A study was carried 

out by Choudhary and associates to co-relate CQD’s 

fluorescence properties with pH, in the presence of an 

adulterant. The authors reported that with increase in pH, 

carboxyl groups present in the CQDs surface ionize, 

leading to increased deprotonation at higher pH, which 

enhances fluorescence intensity (Choudhary et al., 2021).  

The suitability of QDs as an adulterant inspecting tool is 

because of its fluorescence activity under short range UV 

light, low cost, ease of production, biocompatibility and 

low toxicity. Here, we are going to summarize various 

researches, which have been carried out in this field by 

using QDs in various forms. 

Application of QDs in milk adulteration: 

Adulteration with Urea 

Milk is a perishable commodity. Urea is used as a 

preservative to increase the shelf life of milk (Huang et 
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al., 2007). Yin and his scientific group applied a one-step 

manufacturing approach to produce stable green-light-

emitting carbon dots (CQDs) as a fluorescent probe. 

When exposed to light with a wave length between 350 

and 450 nm, these CQDs became fluorescent intensely. 

However, a gradual decrease in fluorescence intensity 

was observed with an increase in urea level, which made 

them suitable as a sensitive urea detection tool. The limit 

of detection (LOD) for urea in this setup was 6.27 mg/L, 

thereby proving the efficacy of these CQDs for precise 

and efficient urea sensing (Yin et al., 2021). 

Similarly, Alanazi et al. (2024) developed a ratiometric 

fluorescence sensor for urea detection using carbon dots 

(CQDs) with pH-responsive quenchers. Here, red-

emitting CQDs (R-CQDs)/methyl red (MR) and near-

infrared emitting CQDs (NIR-CQDs)/Cu
2⁺ were utilized 

for urea detection.The change in fluorescence intensity of 

these CQDs is based upon pH alteration. This change in 

pH is because of urease enzyme which hydrolyses urea to 

create ammonia. As a result, pH gets elevated and 

fluorescence intensity changes. At neutral pH, MR's red 

colour blocks R-CQD’s emission; however, when pH 

rises, MR becomes yellow, reviving R-CQD’s 

fluorescence. At increasing pH levels, Cu
2+

 promotes 

NIR-CQD quenching, which reduces fluorescence. 

Nevertheless, the urea level is ascertained by monitoring 

the fluorescence ratio between R-CQDs and NIR-CQDs. 

The developed sensor was capable to detect urea in very 

minute quantities, even as low as 0.00028 mM. In 

addition, high recovery rate of CQDs was reported in 

levels of about 96.5% to 101.0%.  

In another study, Li et al. (2021) developed Fe/N-co-

doped carbon dots for detection of urea. The developed 

sensor was capable to detect urea even in very minute 

concentration, for instance, 0.001 μM.  

Adulteration with Formaldehyde 

Formalin or formaldehyde is also utilized as a 

preservative in milk. Usage of the said component in milk 

can cause serious health concern. Graphene Quantum 

Dots (GQDs), a type of CQD, has strong luminescence 

and are optically stable and can be used to detect 

formaldehyde (Zhao et al., 2015). However, traditional 

CQD-based probes are limited to aqueous samples and 

require long interaction times. To overcome this, 

Headspace Single-Drop Micro-Extraction (HS-SDME) 

with GQDs has been developed which enables efficient 

formaldehyde detection. For this purpose, silver Modified 

Nitrogen Doped GQD (N-GQDs-Ag) was made which 

acts as a selective photoluminescent probe (Padilha et al., 

2022). This probe can be synthesized via a hydrothermal 

method using citric acid, urea and Tollen’s reagent. The 

probe developed absorbs formaldehyde vapour when 

suspended above the milk sample at the headspace. 

Rapid, high-sensitivity detection with minimal sample 

preparation is possible in this method. The prepared N-

GQDs-Ag dispersion emits visible blue colour 

luminescence when exposed under UV radiation, which 

is due to oxidation of GQDs as it is exposed to 

atmospheric O2. Usage of silver in this dispersion, 

enhanced the photoluminescence intensity by four times 

and also facilitated in retaining half of its original 

photoluminescence intensity for 60 days as opposed to 20 

days for N-GQDs alone. For the detection of milk 

adulterants, this stability guarantees constant and 

trustworthy indications. Silver was protected even at high 

pH levels because N-GQDs-Ag inhibited Ag oxidation. 

On the other hand, photoluminescence dramatically 

dropped at pH values that were acidic (3.0–4.0). Tests 

revealed that although other aldehydes require extremely 

high concentrations to elicit quenching, however, volatile 

organic compounds (VOCs) from the ketone, alcohol, 

ethyl ester, nitrogen-containing, and dimethyl sulfone 

classes had no impact (≈1% quenching). This validated 

the volatile formaldehyde selectivity.  

Similarly, another research has been carried out by 

Mostafapour et al. (2021), where Molybdenum disulfide 

quantum dots have been developed for detection of 

formaldehyde in cow milk. 

Adulteration with Melamine 

Melamine can increase the protein content of milk, 

however, usage of it have serious health implications. 

QDs have also been used to identify melamine 

adulteration in milk by combining gold nanoparticles 

(AuNPs) with carbon dots (CQDs) (Dai et al., 2014). The 

amino group in melamine binds to AuNPs, thereby 

lowering the FRET (Fluorescence resonance energy 

transfer) effect and increases fluorescence intensity. As 

the amount of melamine grows, carbon dots show more 

fluorescence. The great sensitivity of this approach, 

allows it to detect melamine at concentrations as low as 

36 nM, which makes it a perfect tool for food safety. It 

exhibited very high accuracy (recovery 90.47%–

111.35%) and low RSD (Relative Standard Deviation) of 

2.05% (Dai et al., 2014). In another study, Fathima Anjila 

et al. (2024) developed Tb-doped GQDs that acts as a 

fluorescent probe. Here, the maximum detection limit 

was 0.31 µM and the probe was capable to detect and 

quantify the concentration of melamine even at minute 

levels of 0-5 µM. Another study reported the application 

of Au carbon quantum dots nano-composites for detection 

of melamine. Here, fluorescence and smartphone were 

the mode of detection, with level of detection as low as 4 

× 10
− 3 

μM (Hu et al., 2019). According to Üzek et al. 

(2021), the detection limit was significantly enhanced to 

1.11 μM by depositing cadmium sulphide quantum dots 

on a molecularly imprinted shell using mini-emulsion 

polymerization. This resulted in specific recognition sites 
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on the nano-composite's surface for melamine detection. 

Xue et al. (2020) prepared FRET biosensor, based on 

protoporphyrin IX and GQDs for melamine detection. 

This bio-sensor was capable to detect melamine at levels 

of 3.6 × 10⁻³ μM in milk samples.  

Li and co-workers also developed a quick fluorescent 

detection method for melamine based on charge transfer 

quenching of the fluorescence for GQDs in the presence 

of Hg
2+

. Melamine increases the concentration of Hg
2+

 on 

the surface of GQDs and decreases their fluorescence by 

reacting with mercury through the nitrogen atoms in its 

amine and triazine groups. Melamine serves as the 

connecting agent and the charge transfer from the GQDs 

to Hg²⁺causes the quenching (Li et al., 2014). Again, Ma 

et al. (2013) produced Cyclodextrin-decorated silver 

nanoparticles (CD-AgNPs) for melamine detection, using 

SERS (Surface enhanced Raman Spectroscopy) as the 

mode of detection. The CD-AgNPs detected melamine 

even in contents of 2.37×10
4
μM. Likewise, Demirhan et 

al. (2015) developed a sensitive and simple method for 

detecting melamine in dairy products by using l-cysteine-

capped Mn-doped zinc sulfide (ZnS) quantum dots as a 

probe. With a detection limit of 5.95 ng/mL in 10 mM 

phosphate buffer (pH 7.4), it was demonstrated that 

melamine quenches the probe's phosphorescence 

intensity. The phosphorescence intensity of Mn-doped 

ZnS QDs fluctuated with pH, as a result, it was inferred 

that, the ideal pH for detection was 7.4. The probe’s 

signal was unaffected by the presence of ions including 

Ca²⁺, Mg²⁺, K⁺, and Na⁺, even at 500-fold concentrations. 

With this probe, melamine in dairy products may be 

precisely identified without any interference (Demirhan 
et al., 2015). In another research study, Murugesan et al. 

(2023), developed silver conjugated orange peel waste 

derived carbon dots for melamine detection. Melamine in 

milk interferes with the FRET between Ag particles and 

CQDs, thereby increasing the fluorescence intensity of 

CQDs. 

Adulteration of goat/ewe milk with cow milk 

There are many persons who suffer from cow milk 

protein allergy. These persons basically look for 

alternatives of cow milk such as goat milk, sheep milk 

and many others. As a consequence, adulteration of goat’s 

milk with cow’s milk is prevalent, because of 

manufacturer’s intention to earn higher profit (de la 

Fuente et al., 2005; Azad et al., 2016). 

Using QD tags, Kokkinos et al. (2016) developed a 

duplex electrochemical immunoassay to detect goat milk 

that has been adulterated with cow milk. The device 

measures both bovine immunoglobulin G (bIgG) and 

bovine casein (CN). The CN assay identified adulteration 

below 1% (v/v), but the bIgG assay detected it up to 50% 

(v/v) without dilution. Another study was carried out for 

electrochemical detection of cow's milk in ewe/goat's 

cheese by Livas et al. (2021). The group created a 

disposable antimony/tin nano-composite immunosensor 

in a 3D-printed microcell. The setup was able to catch 

even 0.07% (v/v) cow milk in the non-bovine cheese.  

Adulteration with Hydrogen Peroxide 

Hydrogen peroxide (H2O2) is a compound which 

possesses anti-microbial effect, because of which it is 

being used as a sterilizing agent of packaging materials. 

But, its direct addition in milk as a preservative is 

restricted due to its toxic nature. As a result, it is banned 

in several countries. Adulteration of milk by H2O2 is quite 

prevalent because of its shelf life enhancement property 

through microbial inhibition (Juven et al., 1996). H2O2 

incorporation results in destruction of vitamin A and E in 

milk and is harmful to ones who are immunologically 

fragile like children and elders (Clare et al., 2003; Abbas 

et al., 2010; Abrantes et al., 2014). For the detection of 

H2O2 in milk, Wei et al. (2022) developed CQDs rich in 

phenolic hydroxyl groups that were synthesized in one 

step as a fluorescent probe. A glucose-oxidase (GOx) 

strategy was implemented for the quantitative analysis of 

H2O2. Due to the presence of phenolic hydroxyl groups, 

these CQDs exhibited fluorescence quenching at 510 nm 

upon oxidation by H2O2. The electron-donating 

characteristic of hydroxyl groups improved the reactivity 

of hydrogen atoms, allowing the CQDs to respond to 

hydrogen peroxide in milk via fluorescence quenching. 

The study further showed that fluorescence of CQDs got 

quenched at concentration levels of 1 to 100 μM H2O2. 

The probe was able to quantify the said adulterant even at 

very minute quantities of about 0.175 μM (Wei et al., 

2022). 

Adulteration with Glucose 

Lactose is the predominant carbohydrate present in milk. 

Apart from lactose, monosaccharaides such as glucose 

and galactose are also present in milk in minute 

quantities. Various set of carbohydrates like glucose, have 

been intentionally added into milk, to earn more profit by 

enhancing the density and viscosity of milk (Nascimento 
et al., 2017). This glucose can have various negative 

health implications, henceforth, measuring the amount of 

glucose in milk is imperative in protecting the health of 

the general population. Wei et al. (2022) developed CQDs 

rich in phenolic hydroxyl groups to detect the 

concentration of glucose in milk directly. The CQDs were 

synthesized in one step as a fluorescent probe. Glucose 

oxidase (GOx)-mediated strategy was again used here for 

the detection of glucose. The authors reported that 

fluorescence of CQDs got quenched at concentration 

range of 10 to 100 μM of glucose. The probe was able to 

detect very minute quantities of glucose, even as low as 

0.686 μM. 
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Detection of Vanillin  

Vanillin is commonly added as flavouring agent in foods 

such as milk powder, ice cream, cookies, custard, 

pudding, chocolate, and drinks. Majority of commercial 

vanillin is synthetic and might induce nausea and 

headaches (Kouhi et al., 2022). As such, incorporation of 

vanilla flavour in infant formula is restricted for infants 

aged less than six months (Hui et al., 2023). Using 

platinum nanoparticle-serine-functionalized and boron-

doped graphene quantum dot composite (Pt-Ser-B-GQD), 

Hui and co-authors, developed an electrochemical sensor 

with high sensitivity, selectivity, and stability, to detect 

vanillin in baby formula.Differential pulse voltage (DPV) 

was utilized herein presence of the sensor to detect 

vanillin due to its high sensitivity and selectivity. This 

resulted in hydrolysis of vanillin, which led to the 

formation of 3,4-dihydroxybenzaldehyde. Emergence of 

this aforesaid component resulted in a strong 

electrochemical signal, which was detected by the 

developed Pt-Ser-B-GQD sensor (Hui et al., 2023). The 

content of vanillin in infant formula, as measured by Pt-

Ser-B-GQD sensor (1.28 ± 0.11) and Gas 

Chromatography-Mass Spectrometry (GC-MS) (1.31 ± 

0.22), were almost same, according to Huang et al. 

(2007). This proved the high efficacy of the developed 

sensor. 

Detection of Thiamphenicol 

Thiamphenicol is widely used as a medicine for treating 

cattle, even lactating cows. However, the drug enters milk 

through the animal’s body, eventually passing to humans, 

which can result in antibiotic resistance. Therefore, 

presence of the said drug is restricted in milk and milk 

products. In order to detect thiamphenicol in milk, a QD 

based optosensor was made by Sa-Nguanprang and his 

co-workers. For development of the optosensor, a 

mesoporous CQD-molecularly imprinted polymer (MPC-

QDs-MIP) nanocomposite was combined with 

mesoporous carbon, tetraethyl orthosilicate and 3-

aminopropyl triethoxysilane with QDs. As and when 

thiamphenicol got bound, reduction in fluorescence 

emission at 640 nm was reported from the MPC-QDs-

MIP optosensor. The optosensor exhibited great 

selectivity and high sensitivity over structural analogues. 

It resulted in 93.5–100.1% recoveries with relative 

standard deviation below 5%, when tested on spiked 

milk. The optosensor was perfect for thiamphenicol 

analysis in food since it provided quicker, cheaper, and 

solvent-free detection while matching HPLC in accuracy 

(Sa-Nguanprang et al., 2022). 

Detection of Oxytetracyclin 

Oxytetracycline (OTC) is a typical broad-spectrum 
tetracycline antibiotic used in animal husbandry and 

aquaculture to treat bacterial infections and to promote 

growth of animals (Chafer-Pericas et al., 2011; Kim et al., 

2014; Su et al., 2022). However, misuse or abuse may 

leave behind OTC residues in milk, meat, and eggs, 

which can lead to health risks such as liver damage, 

allergic reactions, and antibiotic resistance (Yan et al., 

2015; Li et al., 2019; Zhou et al., 2019; Huahua et al., 

2023). To prevent such incidents, regulatory bodies have 

set maximum residue limits (MRLs). World Health 

Organization (WHO) has set MRL as 0.1 μg/mL for OTC 

in milk (Wang et al., 2018). This demonstrates how 

crucial it is to have a rapid, accurate, and reliable method 

of identifying OTC in food in order to safeguard human 

health and safety. 

Guo et al. (2024) developed a dual-response fluorescence 

sensing platform based on molybdenum sulfide quantum 

dots (MoS2 QDs) and europium ions (Eu
3+

) for 

ratiometric detection of OTC. Here, water-soluble 

MoS₂QDs were produced via a hydrothermal technique 

with several modifications as compared to the research 

carried out by Wang et al.(2014). The preparation method 

of aforesaid QDs is underlined herewith. At first, the pH 

of the mixture was lowered to 6.5 using 0.1 M HCl after 

0.25 g of NaO4; 2H2O was dissolved in 25 mL of 

deionized water and ultrasonically stirred for five 

minutes. In addition, about 0.5 g of L-cysteine and 50 mL 

of deionized water were added, and the mixture was 

homogenized using ultrasonography for ten minutes. The 

mixture was then transferred to a 100 mL Teflon-lined 

autoclave and heated to 200°C for 36 hours. After 

cooling, it underwent 20-minute centrifugation at 12,000 

rpm, followed by which it passed through a 0.22 μm 

membrane filter. Consequently, for further purification, it 

was subjected to twenty four hour dialyzation treatment 

at 1000 Da MWCO (molecular weight cut off).Finally, 

the prepared quantum dots were stored at 4°C for further 

use. The developed setup was highly selective and 

sensitive towards OTC and was able to quantify even 

very trace quantities of OTC, as low as 2.21 nM. As the 

concentration of OTC increased, the emission at 624 nm 

increased and the fluorescence at 420 nm decreased. 

When exposed to UV light at 365 nm, the fluorescence 

colour changed from blue to red, becoming detectable to 

the naked eye (Guo et al., 2024). 

Conclusions: 

As already stated, adulterated milk is a serious challenge 

for both manufacturer and consumer. Rapid and 

economical adulteration tests have already been devised 

to address the above challenge, but they too have 

limitations. As discussed in this paper QDs can play a 

prominent part in this regard. Not only they are capable to 

detect trace quantity of adulterant in the sample, but also 

they are rapid. In this article we have compiled the 
application of different QDs in detecting urea, 

formaldehyde, melamine, glucose and hydrogen 
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peroxide. In addition, we have also talked upon the usage 

of QDs in detecting certain anti-biotics and restricted 

flavouring constituents in milk and milk based products. 

Although, QDs depict very promising results, but further 

research is required to validate the usage of QDs in 

detecting few adulterants. 
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