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Abstract: Species identification in meat products is crucial for forensic investigations involving food fraud, illegal wildlife trade,
and regulatory enforcement. This study evaluated the efficacy of immune diffusion (Ouchterlony technique) for identifying beef,
chicken,andgoatmeatinraw, boiled, and cooked samples. Fresh meat specimens were procured and processed under standardized
conditions. Protein extracts from raw, boiled (100°C/10 minutes), and cooked (100°C/20 minutes) samples were subjected to
immunodiffusion using species-specific antisera in agarose gel plates, followed by incubation at 4°C for 72 hours.

Results demonstrated clear precipitin lines for all raw samples, confirming successful species identification through specific
antigen-antibody binding. However, all thermally processed samples yielded consistently negative results across all species. This
observation is attributed to irreversible heat-induced denaturation of conformational protein epitopes at 100°C, rendering
proteins immunologically undetectable despite their physical presence.

The findings establish that while immunodiffusion is effective for fresh, unprocessed meat, it is unsuitable for cooked or boiled
samples. The study recommends differential analytical protocols: immunodiffusion for raw meat analysis and DNA-based
techniques for processed samples,ensuringaccurateandlegallyadmissibleforensicdeterminationsinfoodauthenticity investigations.
Keywords: Species Identification, Immunodiffusion, Gel Diffusion, Forensic Science, Processed Meat, Protein Denaturation,
Food Authentication

I. INTRODUCTION
Species identification constitutes a fundamental aspect of forensic biology and serology, serving as a critical tool for providing
scientifically validated evidence in legal proceedings. The principle underlying species-specific protein analysis involves the
separation of proteins from biological samples, such as blood or tissue, through gel electrophoresis. This technique is subsequently
integrated with immunoelectrophoresis, wherein antiserum containing antibodies against a known species is allowed to diffuse from
a parallel trough. When the separated serum proteins from an evidentiary sample correspond to the antibodies, precipitin arcs
emerge within the gel matrix, creating a distinctive species-specific "fingerprint.” This pattern definitively establishes the animal
source of the sample, proving particularly valuable in cases involving poaching, illegal wildlife trafficking, and food fraud
investigations.
Species identification, in its broadest scientific context, refers to the methodological process ofdetermininganorganism's
biologicalclassificationatthespecieslevelthroughexamination of diagnostic physical, genetic, or behavioral characteristics.
Contemporary approaches increasingly emphasize molecular techniques, particularly DNA barcoding utilizing
standardizedgeneregionssuchasmitochondrialcytochromecoxidasesubunitl(COI),which generates a genetic fingerprint unique to
each species. Accurate species identification is indispensableacrossmultipledomains, including forensicanimalinvestigations,
conservation planning, ecological research, biodiversity assessment, and monitoring of illegal trade activities. Furthermore, it
facilitates the discovery of cryptic species, resolves taxonomic ambiguities, andprovidesessential datafor understanding
ecologicalprocessesandinforming evidence-based management decisions.
Electrophoresis, the movement of charged molecules through an aqueous medium under an applied electric field, serves as the
foundational technique for protein separation. Migration velocityisgovernedby boththestrength oftheelectricfield and
themolecularcharge,enabling differently charged molecules to form distinct zones during migration. To minimize zone diffusion and
achieve high-resolution fractionation, electrophoresis is conducted in an anticonvective medium such as a gel matrix or viscous
fluid, wherein molecular size also influences migration speed. Agarose, a polymer derived from red seaweed, is commonly
employedasthegelmediumduetoitsexceptionalmechanicalstabilityandtunableporesizes, ranging from 150 nm at 1% concentration to
500 nm at 0.16% concentration, permitting effective separation of nucleic acid fragments between 400 and 23,000 base pairs.
Theserum-antiserumtest,commonlyreferredtoastheprecipitintest,representsanestablished immunological technique for determining
the species origin of animal flesh.
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This method exploits the specific interaction between proteins (antigens) and antibodies. Antiserum is produced by immunizing a
host animal, such as a rabbit, with purified serum proteins from a known species, generating species-specific antibodies. When a
protein extract from an unknownmeatsampleisdiffusedalongsidetheantiseruminanagargelusingtheOuchterlony technique, a visible
white precipitate line forms if the meat proteins match the antiserum's specificity, confirming the presence ofthetarget
species.PriortotheadventofmodernDNA technologies, this immunological approach was instrumental in food authenticity
verification and forensic animal investigation.

Meat species authentication holds critical importance for ensuring food safety, regulatory compliance, and consumer protection.
Adulteration  constitutes economic fraud while simultaneouslyendangering individuals with  dietaryrestrictions
orallergies,particularlywhen premium meats such as beef and goat are replaced with inferior alternatives. In processed
productswheretraditionalmorphologicalidentificationisnolongerfeasible,reliableanalytical techniques become imperative for species
verification. Immunological methods, including serum-antiserumtesting, offeratraditionalyet effectives  olutionby
leveragingtheexceptional specificity of antigen-antibody responses. This thesis aims to evaluate the feasibility of
developingspecificantiseraagainstserumproteinsofbeef,poultry,andgoat,andsubsequently ~ employing immunodiffusion  and
immunoelectrophoresis to establish a dependable and user-friendly protocol for unambiguous species identification in both raw and
processed meat samples.

Il. RATIONALE
Accurate biological material identification is crucial for criminal investigations, consumer protection cases, and regulatory
enforcement in  forensic science. The forensic toolkit for examiningcookedorthermallychangedmeatsamples—
evidencefrequentlyfoundincases offoodfraud,tampering,orillegalslaughter—hasamajordeficiency.Whileprotein-based methods such
as gel electrophoresis (SDS-PAGE) and immunological assays (antiserum tests) provide advantages for damaged or heat-processed
samples where DNA may be substantially fragmented, DNA-based approaches are recommended for raw tissue.
Validated comparison data on the application of these protein techniques to cooked/boiled beef, poultry, and goat meat is lacking in
current forensic protocols. In real-world evidentiary circumstances, including evaluating processed food from crime scenes or
confirming claims in economic fraud instances, this makes it more difficult to reliably authenticate species. It is therefore crucial to
determine the sensitivity, specificity, and limits of these readily available methods for thermally treated evidence.
By methodically assessing electrophoresis and immunoassays for species identification in both raw and cooked stages, this study
will directly address this forensic need. The results will improve the integrity of evidence in food-related cases, bolster forensic
laboratory capabilities, and give judges more comprehensive analysis alternatives.
Somepointsaretherethataimstoourresearch:-
1) CreateStandardOperatingProcedures(SOPs)forhandlingevidenceofcooked meat.
2) Ascertaineachmethod'sevidentialthreshold,orthelowestdetectableamount and level of processing that still allows for
identification.
3) Tofacilitatepatternmatching,createreferenceprotein/antigenprofilesfor important species in both raw and cooked forms.
4) Evaluatethemethods'suitabilityforcombinationanalysis,atypicalsituationin commercial ground beef products connected to
financial fraud.

1. MATERIALSAND METHODS

3Sampleofmeatacquiredfromvariouslocal

Storeincoolandspecificroomtempreture.

1

Makeagelplateandextracttheproteinfrom the
sample and using Immunodiffusion test.
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A. Sample Collection

Thepurposeofsamplecollectionwastogetrepresentative, freshbeefsamplesfromtypical commercial suppliers. Three different kinds of
meat were obtained: goat (Capra aegagrus hircus),chicken(Gallusdomesticus),andbeef(Bostaurus).Eachsamplewasboughtfrom
aseparatelocalretailestablishment,carefullychosenfromapoolofsupermarkets,specialty meat distributors, and butcher shops in the
vicinity, to guarantee a varied sourcing profile and reduce batch-specific bias. To standardize the initial time-zero condition, all
samples were collected on the same day.

Samples were delivered to the lab in their original, sealed retail packaging as soon as they
werepurchased.Inordertoreplicateatypicalconsumerhandlingsituation,theywerekeptatroomtemperature(around25°C)foraconstant,shor
ttimeafterarrivalbeforebeing processed. All meat items were then moved to a conventional laboratory refrigerator for medium-term
storage, where they were kept at 4°C for about 24 hours (overnight). The samples were stabilized throughout this storage phase,
which made it possible for all experimental procedures to begin consistently.
Thechilledsampleswerepreparedundercontrolled,asepticconditionsbeforeanalyticalor cooking processes. Each primarly sample was
carefully weighed into parts of around 10 gramsusingasterileanalyticalbalance.Thesesubsampleswereputintosterile,pre-labeled
individual containers. During this portioning, sterile cutting boards, scalpels, and forceps were used to avoid cross-contamination
between different types of meat and external microbial contamination. Each sample's integrity for further analysis was guaranteed
by this cautious handling.

Laboratory-gradeagarosewasusedtoconstructthegelplateonaglassslide. TheForensic Science Laboratory in Ramanagar, Varanasi,
provided the particular serum and antiserum reagents. Following solidification, wells were created, and the obtained serum and
antiserum were added for the ensuing electrophoresis or immuno-diffusion test.

V. METHODOLOGY
First,maketheagarosegelplatebyheatingdistilledwatertodissolvetheagarosepowder.Evenly pour the heated mixture onto a level glass
plate, then let it harden. Agarose sets at room temperature in roughly half an hour as opposed to being refrigerated. After the gel is
solid, make tiny wells in it using a "well rod" or well-cutting instrument. Fill the wells with various animal antisera, such as goat,
beef, or poultry antisera. Antigens and antibodies disperse across the gel via methods such as immunodiffusion or
immunoelectrophoresis. Immune reactivity is indicated
byvisibleprecipitationlinesthatappearwherematchedpairsconverge. Thisenablesthedetection of antigen-antibody interactions in a
semi-solid matrix as well as the comparison of antiserum specificity.
Thetest'sfirststageentailsthemethodicalisolationofproteinsfromsamplesofcookedandboiled
beefforlaterimmunologicaltesting.SixsanitizedChinaplatesarepreparedandarrangedforthis process. Thefirstthreedishes—
oneforchicken,oneforgoatmeat,andoneforbeef—aresetaside
forthecookedmeatsamples.Everysampleofrawbeefisputintotheappropriatedishandlabeled
appropriately. Afterthat,thesamplesareboiledfortenminutesat100degreesCelsiusindistilled water. In addition to denaturing the
proteins, this standardized heat treatment may mimic a particular type of food processing. The cooked meat is carefully removed
after boiling, and the solubleproteinsthatwerereleasedintotheaqueousmediaaregathered.Asanalternative,proteins can be extracted
straight from the solid tissue using instruments like forceps or a scraper, then
homogenizedinanappropriatesolutiontoproduceaproteinextract. Thisprocedureproducesthe first batch of test solutions made from
unseasoned but heat-treated meat.

The cooked beef samples are then prepared using an identical set of three China dishes. Here, typical culinary ingredients like
cooking oil, water, and a mixture of spices are used to cook the same kinds of meat—beef, chicken, and goat. In order to guarantee
complete preparation, this cooking procedure is carried out at 100 degrees Celsius for a duration of twenty minutes. The objective is
to produce a more complex, gastronomically relevant sample that contains possible chemicals from the oils and spices in addition to
heat-denatured proteins. This seasoned meat's protein is removed once again after cooking. Carefully decant the liquid broth, which
is full of dissolved proteins and other materials. A second, more sophisticated set of protein extracts is
preparedforexaminationbyscrapingorextractinganyremainingproteinfromthesolidmeatwith a knife and combining it with the broth.
The immunodiffusion test is carried out once the protein extracts are ready. The anti-serum (a particularantibodysolution,suchasanti-
beefserum)ispipettedintothecentralwellofthe previously prepared agarose gel plate, which has peripheral wells surrounding the
center well. After that, the extracted protein samples—three from boiling meat and three from equivalent cookedmeat—
areputinapredeterminedpatternintothenearbyperipheralwells. Aftercarefullyplacingthefilledgelplateinadampchambertokeepitfromdryi
ngout,itisrefrigeratedforabout three days.
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The antigens (proteins) and antibodies permeate radially across the agarose matrix over this prolonged low-temperature incubation
period. Large, insoluble immune complexes that precipitate out of solution and appear as fine white lines in the gel are formed when
particular antibodiescomeintocontactwiththeircorrespondingantigens. Theimpactofculinaryprocessing, includingtheadditionofspices,
ontheimmunologicalreactivityandintegrityofthemeatproteins can be examined by comparing the precipitation patterns between
boiled and cooked samples.

FigurelAgaroseGel

Figure2"Raw meat"

A

Figure3"Boiledmeat"
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Figure5"Resulten

ObservationTable:-

S no. Sample Boil Cooked Raw
1 Beef Negative(-) Negative(-) Positive(+)
2. Chicken Negative(-) Negative(-) Positive(+)
3. Goat Negative(-) Negative(-) Positive(+)

Result

Thestudyusedtheimmunodiffusionapproachtodistinguishbetweenrawandboiledorcooked samples of beef, poultry, and goat meat in
order to identify species. The visible precipitate that results from the binding of species-specific antibodies to their target antigens in
a gel matrix is thebasisforthismethod. Theoutcomesfortherawmeatsamplesfromeachofthethreespecies wereconsistentlypositive.
Thisresultwasanticipatedsincerawbeefincludesacompleterange of native, soluble proteins. Because these proteins maintain their
exact three-dimensional structures, the antibodies in the antisera are able to identify and attach to them efficiently, creating distinct
precipitate lines that verify the identity of the species.
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On the other hand, all samples of cooked and boiled meat, regardless of species, produced
negativeresults. Thisisadirectresultofdenaturationofproteinscausedbyheat. Meatproteins' intricate structure is irreversibly changed by
the thermal processing of boiling or frying, which reveals their unique conformational epitopes. The proteins themselves remain
intact, but their antibody-binding sites are either damaged or rendered unusable. As a result, the antibodies are unable to create the
complexes required for precipitation. Therefore, the negative result highlights a significant shortcoming of this immunological
approach for assessing processed foods:itshowsanabsenceofimmunologicallyreactiveproteinratherthananabsenceofprotein itself.

V. RESULTS AND DISCUSSION
The immunodiffusion technique was employed to facilitate species identification through the detection of visible precipitin lines
resulting from the binding of species-specific antibodiestotheirtargetantigenswithintheagarosegelmatrix.Freshmeatsamplesofbeef,
chicken, and goat consistently vyielded positive results, characterized by the formation of distinctandwell-
definedprecipitinbands. Thisoutcomewasanticipated,asrawmeatretains a comprehensive array of native, soluble proteins in their
native conformational states. The preservation of these three-dimensional structures enables the antibodies present in the antisera to
recognize and bind to their corresponding epitopes with high specificity and affinity, thereby generating clear precipitation patterns
that conclusively verify species identity.
In marked contrast, all thermally processed samples—both boiled (100°C for 10 minutes) andcooked
(100°Cfor20minuteswithculinaryingredients)produceduniformlynegativeresultsirrespectiveofthespeciesunderinvestigation. Thisobser
vationisdirectlyattributable to heat-induced protein denaturation, wherein the intricate and highly ordered structures of
meatproteinsundergoirreversibleconformationalalterations.Whiletheprimaryaminoacid sequences remain intact, the thermal energy
disrupts the secondary, tertiary, and quaternary structural arrangements, effectively destroying the conformational epitopes that
antibodies recognize.Consequently,theantibody-bindingsitesarerenderedinaccessibleorstructurally compromised, preventing the
formation of the antigen-antibody complexes essential for precipitin formation. The negative results therefore signify the absence of
immunologically reactive protein rather than the complete absence of protein itself, highlighting a significant
methodologicallimitationofthisimmunologicalapproachfortheanalysisofprocessedfood products.
Thesefindingsdefinitivelyvalidateboththefundamentalprincipleofimmunodiffusionanditscriticalconstraint. Thetechnique'sefficacywit
hrawmeatconfirmsitsdependenceonthe preservation of native protein antigen structures, which facilitate targeted antibody binding
and visible precipitin formation. Conversely, the consistently negative outcomes for boiled and cooked samples are unequivocally
attributable to heat-induced denaturation at 100°C, which irreversibly destroys the conformational epitopes recognized by the
antibodies, rendering the proteins immunologically undetectable despite their physical presence.
A comparative analysis with existing literature provides valuable insight into the temperature-dependent nature of this limitation.
The divergence from Tsuneo Abe's 1973 study,whichreportedretainedantigenicityuponheatingto70°C,isparticularlyinstructive. This
discrepancy establishes that the utility of immunoassays is governed by a precise
temperaturethresholdratherthanabinaryphenomenon.Fortheserumproteinsexaminedin the present investigation, this threshold lies
between 70°C and 100°C. Consequently, this research refines the methodological application by demonstrating that
immunodiffusion is unsuitable for fully cooked or boiled evidence, though it may retain applicability for minimally processed
products—a distinction of paramount importance for the development of evidence-based forensic protocols.
Theforensicsignificanceofthisresearchissubstantial,asitestablishestheoperationallimits of a conventional analytical technique, thereby
preventing its inappropriate application. For the forensic analyst, a negative result from a cooked meat sample must be interpreted as
an anticipated methodological failure rather than evidence of species absence. Application of this test to heat-processed evidence in
cases involving food fraud, adulteration, or illegal wildlife trade could yield disastrous false negatives, potentially enabling
perpetrators to evade legal accountability. This study provides the empirical foundation for excluding immunodiffusion from the
analytical workflow for any heat-treated evidentiary material.
Consequently,thisinvestigationdirectlysupportsthemodernizationofforensiclaboratory practices by confirming the necessity of
transitioning to more robust analytical methodologiesforprocessedmaterials,suchasDNAbarcodingorpolymerasechainreaction
(PCR)-based techniques, which target heat-stable genetic material. The findings enable forensic practitioners to establish clear and
defensible standard operating procedures: raw meat evidence may be reliably analyzed using immunodiffusion, whereas all cooked
or processed evidence must be subjected to genetic analysis to ensure accurate, reliable, and legally admissible outcomes in food
authenticity and wildlife crime investigations
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VI. CONCLUSION
The core concept and main drawback of immunodiffusion for meat species identification are definitely shown by this study. The
technique is quite successful and produces very positive findings for fresh samples of goat, chicken, and beef. Unprocessed tissue's
native proteins maintain their unique three-dimensional structures, which enable antibodies to identify and attach to them, creating
distinct precipitin lines in the agarose gel. This demonstrates the technique's fundamental immunological specificity and justifies its
usefulness as a trustworthy assay for species authentication in fresh, unaltered meat products, yielding a clear and unambiguous
result.
On the other hand, every sample that was heat-processed—boiled or cooked—produced unfavorableoutcomes.
Proteindenaturationisthedirectsourceofthisimportantdiscovery.Meat proteins' conformational shape is irreversibly changed by
thermal processing at 100°C, which eliminates the specific epitopes that antibodies are meant to target. Proteins become
immunologically  invisible even  though  they are  physically there.  Therefore, the lack of a
precipitinlineindicatesalossofantigenicreactivityratherthanalossofproteincontent,which is a false negative for species presence.
The findings are consistent with previous research, demonstrating that conventional immunologicaltechniquesarein
appropriateforprocessedmeals.Heatistheprimaryinactivating agent, as evidenced by the unfavorable result for cooked samples,
independent of additional spices or oils. The majority of forensic or food fraud evidence is cooked, tinned, or otherwise processed
meats where morphology is lost, hence this poses a significant practical limitation.
Themethod'spracticalforensicuseislimitedbyitsinabilitytobridgethegapbetweenrawand cooked analysis.
Thus, method selection depending on sample condition is strongly recommended by this research. Laboratories must use different
methods for processed evidence, even though immunodiffusion is still valid for raw meat analysis. Accurate species identification in
cooked food requires the use of DNA-based techniques such as PCR, which targets heat-stable genetic material, or sophisticated
proteomics, which looks for thermally resistant peptide biomarkers. Thisguaranteestrustworthy, admissible
evidenceinallforensicandfoodauthenticityinquiries.
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