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v’ Species authentication of milk is a requirement of
regulatory bodies of many countries

v FSSAI has defined standards of milk of different
species such as cow, buffalo, goat, sheep and
camel

v’ Technological reasons & consumers’ demand —
driving the market of milk of a particular species

v EU Regulations (2018/150) - verification of
cheese made from milk of minor species for
presence of cow milk components
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https://www.fao.org/dairy-production-products/production/milk-production/en
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Basis for the Authentication

Polymerase * = [N CETEIGT

v’ Species specific identification of DNA — PCR

v Protein-based detection methods

» Immunological methods

ICAR-National Dairy Research Institute

» Chromatographic == ——
v’ Marker compounds in bovine milk = e
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Species specific identification of DNA
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'§ v" Mitochondrial DNA - ” Dairy products DNA Extraction PCR [t

. + Organic solvent e PCR-RFLP - -
-\8 high copy number Buffalo J DNA in milk axtaction B s
2 = 12S and 16S rRNA | originates iR « Multiplex PCR == -
v = Cytochromeb » i racton .

y . from somatic _ * Realtime PCR Gel electrophoresis

[ | D_loop Sequence B ~ Ce”S B E\I:con centnfugal
o Sheep ) ; column extraction e Dlgltal pCR
= s s « Magnetic bead
Donkey extraction ¢ RAPD-PCR

PCR-RFLP: PCR-restriction fragment length polymorphism
dPCR: digital PCR 4
RAPD-PCR: random amplified polymorphic DNA-PCR

NAry Agriculture 2023, 13, 1450. https://doi.org/10.3390/agriculture13071450
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Multiplex PCR for detection of camel milk adulteration with cattle and

Deepraj Sarkar *, Rakesh Ranjan ", Sumnil Marwaha ", Artabandhu Sahoo ",
Sanay Naha %~

A Department of Forensic Science, Natlonal Forensic Soiences University-Tripura Cempus, Agorrala, Tnipune, 799001, India
® WCAR-National Research Centre oo Camel, Bikumer. Rajasthan, 334001, India
= School of Advenced Sciences & Longuages, VIT Undversity, Shopel, Madhyo Pradesh, 466114, India

» 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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3 Simplex PCR assay for detection of cow milk presence in goat milk
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Table 1. PCR oligonucleotide primers

Primer Sequence (5' to 3") PCR product size
Universal(U) F: CCATCCAACATCTCAGCATGATGAAA 360bp

R: GCC CCT CAG AAT GAT ATT TGT CCT CA
P-1(cow specific) F:CGCCCATACACAGACCACAG 126bp

R: ATG CCT GGT AAA ATT CAT TAAATA GCG
P-2 (Goat specific) F: TTCTTCAGGGCCATCTCATC 294bp

R: GCGGATGCATGGTGAAAT

Q | Bovine specific primers (P1l) targeting D-loop
(displacement loop) of mt-DNA (mitochondrial
DNA) was selected and standardized to amplify
cow DNA resulting into 126 bp amplicon.

126bp

1-100bp marker. 2-goat milk+10%cow milk 3-goat milk+5%cow milk. 4-goat
milk+3%cow milk, 5-goat mulk+1%cow mulk. 6-pure goat milk 7- pure cow
milk




¢ Technology available from NDRI Nnors
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v' DNA Based Method for Differentiation of Cow, Buffalo,
Sheep, Goat and Camel Milk

Isolation and disruption of the milk
somatic cells, protecting the nucleic
acids and finally purifying them

DNA based method for Detection of

Cattle, Buffalo, Sheep, DNA is processed further for tracking
Goat and Camel MILK their origin of species by PCR
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ICAR-National Dairy Research Institute

FSQA-20. DNA BASED METHOD FOR DIFFERENTIATION
OF COW, BUFFALO, SHEEP, GOAT AND CAMEL MILK

Test features:

# Detection limit less than 5% mix
# DNA based precise methodology

# Result in less than 5 hours Animal Biotechnology Centre 7

Email: sachinandan@gmail.com | Phone: 9416483670

Sachinandan De, Sushil Kumar and Devika Goutam




Protem-based detectlon methods

Cow Buffalo Sheep UGoat '

Polypeptide Food Quality and Safety, Volume 8, 2024,

fyae039, https://doi.org/10.1093/fgsafe/fyaec039

Peptides
I |
3 | —. ‘
) ' E-q'f
et ELISA

LOD: 5% LOD: 3.1% LOD: 0.01% LOD: 0.5% — LFIA — 8


https://doi.org/10.1093/fqsafe/fyae039

Capillary Electrophoresis

v' The official EU method to detect ,, .o -
the presence of cow milk in ewe, - |®
goat, and buffalo milks is the
isoelectric focusing of y-caseins
after plasminolysis.

v' This method is based on
comparison with the protein
patterns of certified reference
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standards, and it enables U RO o N | I
gualitative estimation of cow milk

- s DI vy |

in tested samples. B i P

EU Regulations (2018/150) Electropherograms of whey from goats’ milk and cows’ milk
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Lateral flow immunoassay based tests

. . . / Antigen binding sites \
Antibodies are required % N

v Whole casein \/'/
v o, —casein | 3
v B-lactoglobulin

v Immunoglobulin (IgG) Polyclonal antibody

Antigen
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Lateral Flow Assay Architecture

Antibodies conjugated Tag  Test Line Control Line
(Gold, Latex, Fluorophore, efc.) (Antibodies) («dgG Antibodies)
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Sample Conjugate  Nitrocellulose
Pad Pad Membrane

Testhe Control Lme
(Positive) (Valid Test)
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Sample Conjugate Nitrocellulose WVicking

Pad

Ba

Coated antibody

Direct (Sandwich)
Type LFA

Pad Membrang

Alrionrs

VNI

Coated antigen

Competitive Type
LFA

Pad

Positive

Test line (+) Control line (+)

©0

Negative x; ? i i ?

Test line (-) Control line (+)

Positive

Test line (—) Control hne (+)

©0
Negative

Test line (+) Control line (+)

%: Conjugated amibad}*;?: Blotted antibody; @: Blotted or free Hapten
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Rapid detection of cow milk adulteration/
contamination in goat milk by a lateral flow
colloidal gold immunoassay strip

Bochao LiuT, Jinhong Si%f, Fang Zhao??, Qi Wang?, Yu Wang*, Jinfeng Li%,
Chengyao Li** and Tingting Li*

'Department of Transfusion Medicine, School of Laboratory Medicine and Biotechnology, Southern Medical
University, Guangzhou, China; *Shenzhen Key Research Laboratory of Detection Technology R&D on Food Safety,
BT = [ CAsuanons Technical Centre for Food Inspection and Quarantine, Shenzhen Entry-Exit Inspection and Quarantine Bureau,
Shenzhen, China; shenzhen Academy of Inspection and Quarantine, Shenmen,thina;quanjing Entry-exit
Inspection and Quarantine Bureau, Nanjing, China and “School of Public Health and Tropical Medicine, Southern
Medical University, Guangzhou, China

Journal of Dairy Research , Volume 86 , Issue 1 , February 2019 , pp. 94 -
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Cow milk concentration
(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 13

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.... ...

#

INdiFOoss

Results in 6 mins.

Detect cow milk.

® Incubate at 40+2 °C.

HOW TO USE

[T Loao 2

Take 200u sample Incubate 3 min f 1 Visually
and mixed at 40° Interpretation

RESULTS

Visual interpretation of the result by comparing the intensity of
the 'TEST' line with the one of the "CONTROLline.

blank invalid negative weak posifive
positive

C—Control LineT—Test Line

https://www.indifoss.com/chemical-safety/milk-antibiotic-rapid-test/goat-milk-adulteration
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Commercial available products....
=, BIOPREMIER

Portugal

Food Adulteration

RAPID TEST COW ADULTERATION

Brand: Rapid Prognosis

Lateral-flow method of 30 or 120 strips, detecting Cow milk presence in raw Goat and Sheep milk, in 3 minutes.

SKU: R1230

Choose the product variant: *
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Lateral flow nucleic acid assay (LFNAA)
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Table 1
The sequences of the primers and probes used in this paper.
Primers Oligonucleotide primers
Primers F: Bio-CACTTTATCCTCCCATTTATTATTACAGCA
R: TTGGTCGTGGTGGTGGTTT-spacer C3-GAATAGTACCAGAAGTATTAGGGCTAGAAT
Detection probes AAACCACCACCACGACCAA(T), s-HS-SH C6

Contral probes BioTTGGTCGTGGTGGTGGTTT Volume 122, March 2020,:109038
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¥ Absence of B-Carotene

BETA CAROTENE

Y . . . . HaC
§ v’ B-Carotene is absent in goat milk & sheep milk S
2 v’ It is metabolized into vitamin A* b L L
=] CH» -
'§ v’ B-carotene could be marker for the authenticity
§ of goat milk ” "’ 3 7
E v HPLC could | be d ) I |~ B-Carotene
g method of choice % o 6 |
s 0- - i [ ]
g v UV detector l 1 ,I e A 4d0nm
:g ieE N S N X i e S
o . |- L._»“-«- | g Mo 3% e 325nm
. Retinol (1), d-tocopherol (2), y- - gz WT | ’—i' g’ o
¢ tocopherol (3), a-tocopherol 4), a- ‘ .l:‘ , ]| | |'| A A
g tocopheryl acetate (5), retinyl b M S U WL LS A - b Nz N0 00
= palmitate (6) and B-carotene (7) b
0 0 » 5 2

*B-Carotene is cleaved by B-

s : LWT - Food Science and Technology,
carotene-15,15"-monooxygenase Biol. Life Sci. Forum 2023, 26, 9 Volume 58 (2): 557-562
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International Food Research Journal 24(4): 1393-1398 (August 2017) l

Optimization of various steps for RP-HPLC determination of p-carotene in
milk fat

“Dhankhar. J.. Sharma. R. and Mann. B.

Dairy Chemistry Division, National Dairy Research Institute, Karnal, Harvana, India-132001

v’ B-carotene is fat soluble carotenoid

v' The aim of current study was to
obtain a rapid, reliable, and effective
method to evaluate [-carotene In
milk fat.

4 5 6 7 8 9 w1 R I;iinmel-‘ 5 1 1 / Saponification
v" Ascorbic acid addition
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Classical test for detection of presence of buffalo
milk in cow milk
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Hansa Test

Immunodiffusion Assay

Agglutination Assay

Incubation of antiserum raised in
rabbit against the protein fraction
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isolated from buffalo’s milk with Interaction between the antiserum raised in rabbit against the
1. Diluted cow milk protein fraction isolated from buffalo milk (A) with
2. Diluted buffalo milk B - Buffalo milk

C- Cow milk

D — Buffalo milk + cow milk (50:50)
E - Buffalo milk + cow milk (25:75)

21 21



@

)
>a

Carbon nanoparticles-based
lateral flow immunoassay for
detection of buffalo milk in cow milk

Food Chemistry 351 {2021) 129311
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Adulteration of cow’s milk with buffalo’s milk detected by an on-site | ron
carbon nanoparticles-based lateral flow immunoassay
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Lateral flow assay — competitive type

Reservoir
Goat Anti- ’
rabbit
Antibody
Buffalo 0%
milk oo’

Antigens **

-

Sample O

Lateral flow Immunoassay

N
AN
AN
\ \
AN

AN

— Control line
—Test line fk‘ %k
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Carbon Nanoparticles -
\. Antibodies Conjugate

Safﬁple—cum-
conjugate pad

6.6 cm Length of strip

Architecture of the strip

N
N
2.2 cm = Absorbent pad
©
L
©
; e J JiF P 2 mmoverlapping of NCon Adsorbent pad
=
ST |25cm-Nitrocellulose membrane
I
£
o editss
™ el »—,;\—V-b 2 mmoverlapping of Conjugate-cum-sample pad on NC
o /‘\
2.2¢cmCo ate-cun nple p
Y !
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Lateral flow assay — competitive type
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- + v Appearance of two lines indicate that
analyte is absent

v Disappearance of test line indicates,
buffalo milk is present
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100 pl of 10
times diluted
sample

0 1 3 5 7 10 20 100
Buffalo’s milk in cow’s milk (%)

FSQA-9. LATERAL FLOW ASSAY-BASED METHOD FOR RAPID
DETECTION OF PRESENCE OF BUFFALO MILK IN COW MILK

Rajan Sharma, Archana Verma, Nitin Shinde, Kamal Gandhi and Bimlesh Mann
ndr Technology is available from NDRI on commercial basis Email: rajan.sharma@icargovin | Phone: 9416120131




¥ Conclusion

I -. ;;;;;

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

e DNA based methods are available
* Field test — requirement

e 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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