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Introduction 
 Species authentication of milk is a requirement of 

regulatory bodies of many countries 

 FSSAI has defined standards of milk of different 

species such as cow, buffalo, goat, sheep and 

camel  

 Technological reasons & consumers’ demand – 

driving the market of milk of a particular species 

 EU Regulations (2018/150) – verification of 

cheese made from milk of minor species for 

presence of cow milk components 

https://www.fao.org/dairy-production-products/production/milk-production/en 2 



Basis for the Authentication 

 Species specific identification of DNA – PCR 

 Protein-based detection methods 

 Immunological methods  

 Chromatographic 

Marker compounds in bovine milk   
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Species specific identification of DNA 

Somatic Cells 

Agriculture 2023, 13, 1450. https://doi.org/10.3390/agriculture13071450 

PCR-RFLP: PCR-restriction fragment length polymorphism 
dPCR: digital PCR 
RAPD-PCR: random amplified polymorphic DNA-PCR 

DNA targets 
 Mitochondrial DNA – 

high copy number  
 12S and 16S rRNA 
 Cytochrome b 
 D-loop sequence 

DNA in milk 

originates 

from somatic 

cells 
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Based on the amplification of the Cytochrome b 

gene.  

The developed technique successfully amplified 

the target fragment of 208 bp (Camel), 274 bp 

(cattle), and 174 bp (goat) of the gene.  

LOD of cattle and goat milk in camel milk was 

found to be 10% and 5%, respectively. 

Agarose gel electrophoresis of 

multiplex PCR products amplified 

from goat (G) 174 bp, camel 

(CAM) 208 bp, cattle (C) 274 bp. 

The M Lane is for sample 

containing mixture of DNA of goat, 

camel and cattle, NC lane is 

showing negative control and L 

lane is showing DNA ladder. 
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Dairy Chemistry Division 
ICAR-National Dairy Research Institute, Karnal  
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Bovine specific primers (P1) targeting D-loop 

(displacement loop) of mt-DNA (mitochondrial 

DNA) was selected and standardized to amplify 

cow DNA resulting into 126 bp amplicon.  



Technology available from NDRI 
 DNA Based Method for Differentiation of Cow, Buffalo, 

Sheep, Goat and Camel Milk 
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Protein-based detection methods 

Food Quality and Safety, Volume 8, 2024, 
fyae039, https://doi.org/10.1093/fqsafe/fyae039 
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Capillary Electrophoresis 
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 The official EU method to detect 
the presence of cow milk in ewe, 
goat, and buffalo milks is the 
isoelectric focusing of γ-caseins 
after plasminolysis.  

 This method is based on 
comparison with the protein 
patterns of certified reference 
standards, and it enables 
qualitative estimation of cow milk 
in tested samples. 

Electropherograms of whey from goats’ milk and cows’ milk EU Regulations (2018/150)  



Lateral flow immunoassay based tests 

Antibodies are required 

 
 Whole casein 

 αs1 – casein 

 β-lactoglobulin 

 Immunoglobulin (IgG) 
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T C 
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Direct (Sandwich) 
Type LFA 

Coated antibody 

Competitive Type 

LFA 

Coated antigen 
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Journal of Dairy Research , Volume 86 , Issue 1 , February 2019 , pp. 94 - 
97 

(a) Sensitivity for detection of cow milk in goat milk. (b) Linear regression equation derived using membrane strip reader. (c) Stability for detection of cow milk 
casein. The strips were tested after 1 week post production, in which cow milk was detected in a concentration of 0, 0.05, 0.1, 0.2 and 0.5% 
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Commercial available products….  

https://www.indifoss.com/chemical-safety/milk-antibiotic-rapid-test/goat-milk-adulteration 

• Results in 6 mins. 
• Detect cow milk. 
• Incubate at 40±2 °C. 
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www.prognosis-biotech.com Greece 15 

Commercial available products….  

https://www.prognosis-biotech.com/rapid-test-manual/
https://www.prognosis-biotech.com/rapid-test-manual/
https://www.prognosis-biotech.com/rapid-test-manual/
https://www.prognosis-biotech.com/rapid-test-manual/


Portugal 

https://www.biopremier.com/en/rapid-test-cow-adulteration 16 

Commercial available products….  

https://www.biopremier.com/


Volume 122, March 2020, 109038 

Lateral flow nucleic acid assay (LFNAA)  

Specificity Sensitivity 
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https://www.sciencedirect.com/journal/lwt/vol/122/suppl/C


Absence of β-Carotene 

 β-Carotene is absent in goat milk & sheep milk  

 It is metabolized into vitamin A* 

 β-carotene could be marker for the authenticity 
of goat milk 

 

*β-Carotene is cleaved by β-

carotene-15,15′-monooxygenase   

β-Carotene  

Biol. Life Sci. Forum 2023, 26, 9 

HPLC could be a 
method of choice 

UV detector  

18 LWT - Food Science and Technology 
Volume 58 (2): 557-562 

Retinol (1), δ-tocopherol (2), γ-

tocopherol (3), α-tocopherol 4), α-

tocopheryl acetate (5), retinyl 

palmitate (6) and β-carotene (7) 



 β-carotene is fat soluble carotenoid 

The aim of current study was to 

obtain a rapid, reliable, and effective 

method to evaluate β-carotene in 

milk fat.  

 Saponification  

Ascorbic acid addition  
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Absence of β-Carotene 

Food Control; 2025, vol: 167, 110800 
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Classical test for detection of presence of buffalo 
milk in cow milk 
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Incubation of antiserum raised in 
rabbit against the protein fraction 
isolated from buffalo’s milk with  

1. Diluted cow milk  

2. Diluted buffalo milk   

a 

b 

e 

1 2 

Interaction between the antiserum raised in rabbit against the 
protein fraction isolated from buffalo milk (A) with 

B - Buffalo milk  

C- Cow milk 

D – Buffalo milk  + cow milk (50:50)  

E - Buffalo milk + cow milk (25:75) 

Agglutination Assay 

Immunodiffusion Assay 
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Hansa Test 



Carbon nanoparticles-based  

lateral flow immunoassay for  

detection of buffalo milk in cow milk 
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Lateral flow assay – competitive type 

Architecture of the strip 



Lateral flow assay – competitive type 

Appearance of two lines indicate that 

analyte is absent 

Disappearance of test line indicates, 

buffalo milk is present 

Conjugate-

cum-sample 

pad 
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Buffalo’s milk in cow’s milk (%) 

100 µl of 10 

times diluted 

sample 

T 

C 

Technology is available from NDRI on commercial basis 



Conclusion 

• With the rise in popularity of non-bovine milk, fraudulent 
practices may also increase 

• DNA based methods are available 

• Field test – requirement  

• Lateral flow immunoassay (LFIA) are effective tools to be used 
in self-control in dairies and to verify the quality of milk prior 
to collection from farms 

• No indigenous technology is available!! 
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