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tisera: Antisera against bovine, porcine and equine species were raised in sheep with
albumin immunogens. Each primary dose comprised 5me albumin (Sigma, Fraction V products)
eund's complete adJuv=nr (Im1) and sterile saline (1Iml). Booster if*ec:inn: of 2mg albumin (made

a volume, except using Lreund s incomplete adjuvant) were given at 28-40 day intervals.
\ species aibumwn was raised in a 12-month old steer by a similar pruqrinm— Trial
“J ﬁqs (20-3 taken 7-10 days after the second boost and antisera asse s:ed for specificity by
”terfacwal [re‘ sts. In these, samples of each antiserum were ove"laic with normal species sera (diluted
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. in 0.85% 591‘nﬂ- in 6mm diam pasteur pipettes. When the homologous res e was rapid (ie. a white
€Cipitate had formed at the junction of the two liquids during a 30m 1ncuhat1on at room temperature, RT) and
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JSFH“U boosts were admin‘, ‘.eu before termina? blood collection, which provided about one litre of antiserum in

‘n gnfa:“. The crude anti-ovine cnrwserum required partial purification and r)nceanatlon Fo 1mproye the _

two 5*1 ty of v‘s)hr 101 ogous response. Here the g]ob@g1n fraction was precipitated with solid ammonium sulphate in
D”Oxah :““ at (1) 45% and (2) 40% saturation. The final centrifugation pellets were then redissolved in

e-buffered saline (using about one third of the s

in arting serum volume), checked for response by

3 “e"'éL al ring tests and dialysed against the same buffer for 48h to remove remaining ammonium sulphate. The
7°EF« were freeze-dried in bulk and stored in powder form. Each product was then reconstituted in water (80mg

'/mi) and filter-sterilised in 10-20 ml aliquots (Sartorius, Minisart NML, SM 16534) as required.
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}?;“ﬂcr gat e&?ra ts: Authentic species meat extracts were prepared from fresh..whoiP muscle tissue as

fOo;JT (1) Approximately 300g tissue was thoroughly comminuted to a fine slurry with 600ml of chilled water (in

Paf wDrocesvﬂ d‘lf ved to stand for lh at “T and centrifuged at ]V—ZD,OOQ rpm for 30m. The supernatant was
Ully withdrawn by pipette, to avoid floating fat, and used directly. (2) Other meat species fluids (drip)

DPGSSOd out of intact, frozen-thawed meat slices, diluted 1:1 with water and filter-sterilised as above.

€ both *)ppc of extract contained many soluble meat proteins, as well as the residual blood components, each

hPCPeJ by conventional Ouchterlony double diffusion tests (applying liquids direct to wells) to ensure that

g;ent albumin had been extracted to develop the respective homologous, reference responses with overnight
1on at RT.
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°bsgifdt’°” of stabilised reagent discs: The procedure of Mégoau et al. (1984) was modffied as follows: Blank
(dt6r)$ht discs (7mm diameter) were punched from Wha;maq No.3 paper and spread out on d1sposaple petri dishes
(Drep1;]ﬂ",101VR20 ca.y40/d1sn). ‘7Up? aliquots of liquid antiserum or meat extract were applied to the discs
free ared in batches of about 500) which were then allowed to absorb the 1i quid before air-drying at RT (1-2h) and
28-drying overnight. Final stabilised discs were collected and stored in labelled air-tight vials at 4°C.
Dara*low of agar plates: Petri dishes (as above) were filled with 15-20m1 of clear, bubble-free molten agar
CQO?aPeG frpm the following: 3g agar (Oxoid, prchLr no. L.28), 1.7g NaCl, 0.1g sodium azide and 200m1 water. The
> Solidified plates, were mounted securely above one of the patterned templates (Fig. 1) as required.

St]”“ br cceiure for intact meat samples: The test procedure for verification of intact meat samples followed
ﬁn ma1” steps of the original ORBIT system as follows:
Usy 9ar p]atp was primed with reference meat discs (®) and antibody discs (%) of one of the species under test,
CUV : Curved forceps to carefully lay each disc on the agar surface, so that all the template circles were fully
fro &d when viewed directly from above. A small incision was then made in each meat sample (thawed if previously
N) and two blank discs placed inside to absorb the tissue fluids. In general, sufficient drip exuded from




intact pieces of meat to saturate the discs in a short interval (10-15 sec). They were then gently removed‘W‘thrl
the forceps and deposited on parallel test positions (S). Meat slices were also prepared for fluid absorptions
this case lcm thick pieces were placed in separate petri-dishes and several blank discs laid on the freshly A
exposed muscle surface. The meat was then covered with petri 1lids (in surface contact) for up to 60 sec or unt!
the discs were visibly saturated. In some cases fresh meat slices required gentle heating (40°C for 1lh) to
increase fluid exudation, but high pH samples, eg. dark cutting beef, were too dry for this procedure without 2"
initial freeze-thaw treatment or water extraction (as above). The loaded agar plates were then labelled, covere
and sealed for overnight incubation at RT (ie. 20-25°C).

Testing procedure for minced meat mixtures and homogenates: Authentic whole muscles of known species, trimmed of
most fat, were coarsely minced and 1lkg lots comminuted by food processor. MDM samples (pork, beef, veal, 1amb;
venison and chicken) were generously donated by a local processor and each lot, weighing approximately 5009, was
thoroughly mixed in the flexible plastic container before sub-sampling. Meat/water extracts were made for
convenience in the following manner: 1009 sub-samples of the original material or 100g (total weight) mixtureso
were massaged manually with 50ml water in strong, clear plastic bags for about 60 sec. After standing for ZO'f
min, the massaging was repeated to ensure effective mixing. The mixtures of mince and MDM ranged from 3-50% 05
one species in another, eg. beef in pork, horse in beef. After this treatment most "extractions" gave a viscou
slurry to which the blank paper discs were applied; some exuded sufficient liquid to saturate the discs e
immediately, however in other cases it was necessary to pick up a small amount of slurry on each disc and dePOSas
them directly on the appropriate test positions. The loaded agar plates were then sealed for incubation at RT
before.

Interpretation of ORBIT results: Characteristic ORBIT patterns are given in Fig 2. All developed as visible e
white precipitin lines typically seen in conventional liquid-well immunodiffusion tests (Wier, 1977) when samp o
and antisera are applied in similar positions. The ORBIT tests were classified as positive or negative onlYy wh
the appropriate species reference line had formed between the authentic species meat disc and testing antiSer”m
disc. Thus an ORBIT response (Fig 2A) was recorded as truly positive when the precipitin lines opposite eac
sample fused completely with both ends of the reference line. When precipitin lines were formed between the
sample and antibody disc with incomplete fusion (Fig. 2C) this response, termed partial identity, was not
classified as a true positive.

: . e g , ines
The negative ORBIT result (Fig 2B) was indicated when only the straight reference line developed and sample 198
were absent. Other non-immune or “false-positive" precipitations (Fig 2D) which may occur, but not observed !
this trial, would also be classified as negative.

Results:
The crude anti-bovine antiserum gave intense precipitin responses against bovine serum albumin (BSA) so]uti0”1ow
(1mg/m1) and normal bovine serum (diluted 1:4) during the 7-14d period after boost of immunogen. Slaughter
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was collected 10d after the final injection for maximum response. Subsequent Ouchterlony well tests, usin
liquid antiserum, gave the expected homologous lines of identity against beef "drip" after overnight incuba
RT (16-20h). Similar tests with the anti-porcine (anti-pig) and anti-equine (anti-horse) antisera also gaveine
clear, homologous Ouchterlony results against appropriate species meat fluid. However, although the ant1-0Ymiw
(anti-sheep/goat) reagent gave a good homologous response, lines were more diffuse and formed in close prox

to the antiserum well rather than at the preferred intermediate position as shown for the other species. \
5 608!
Verification of intact meat samples: Preliminary ORBIT trials using beef exudate as reference and anti-beef g1fM
confirmed the findings of Mageau et al. (1984) and established a similar sensitive overnight verification tea
intact beef samples with the prescribed sampling procedure. However, our modification was devised for laborl mgd
trials using discs carrying the equivalent of 20yl of antiserum, half the amount used above. Reference beé were
carried sufficient albumin to form the homologous line and typical ORBIT arcs of complete identity (Fig 2A) pe
readily seen in all the tests on intact beef samples after the 16-20h incubation. A cross-reaction with Onever
of venison, from the red deer species Cervus elaphus, (wild and farmed in Scotland) was also observed. HoweeMsM
the precipitin result gave a different pattern (Fig 2C) which was interpreted as partial identity for this V-e;
because "spur" lines developed towards each (S) position. Cross-reactions were absent against the other Speciﬁ
meats available, (ie. pig, horse, sheep, goat, chicken, turkey, rabbit and kangaroo), and various normal spe
sera (ie pig, horse, sheep, goat and rabbit), freeze-dried on discs for convenience.

1€
The modified ORBIT-style tests set up to verify pig and horse meat were equally effective for whole meat‘Samp at
using similar discs carrying 20uL of the crude anti-pig or anti-horse antisera and with appropriate specﬁ;‘sS and
drip discs as reference. ORBIT arcs of complete identity developed in every case for the homologous SP?CTTaF
cross-reactions of complete or partial identity were absent, even after prolonged incubation (7d). A siml . 35
ORBIT-style test for sheep and goat was also prepared. However, even after minor modification, its respons
slower using the crude antisera, lines of identity taking more than 40h to develop. The purification and jon
concentration was partially successful; precipitin lines, once developed, were much clearer but the 1ncuba?ma,
time required varied from 16-18h and no improvement was obtained after additional treatment of the host ani el
The ORBIT arcs of complete identity did not differentiate between sheep and goat meat (as expected) but al
species tested including venison gave negative results after the 48h incubation time.

.ye
Analysis of meat mixtures: The simple massaging extraction method followed by ORBIT-disc test was an effecﬁ1 nt
means of species verification for laboratory samples of minced.neat (fat content up to 30%) and MDM (fat C?or i
up to 40%) supplied as single species products. Positive response lines were intense and clearly deflneq adt
verification of all the beef, pig and horse samples after overnight incubation, but sheep/goat verification the
be based on a fainter, more diffuse identity arc. The gel surface acted as an effective barrier to all butr
soluble meat components and no interference around precipitin lines due to particles of muscle fibre,.fat ?
connective tissue was observed. However, after prolonged incubation - 24 to 48h, the high concentration 016—2m
soluble meat proteins gave a pronounced halo around some of the reference discs and sample points. After




1"Cubatmn prnsenco of the nominated test species, beef, pig or horse was confirmed in all the model minced meat
thureg above 10% (Table 1) regardless of fat content and beef or pig was confirmed in similar MDM mixtures.

Lthouun the fowe'i ! imit for sheep/goat dutgctypn was 15% at rhws L1m9, most Slhsf\"§7?ﬂ5 from 5-10% were /
Uiksng 111y identified after a further 24h incubation. Careful examination 3f pr itin arcs was important with

s substitutions because it was possible to confuse certain negative, ference lines (which tended to curve
towards the antibody discs) with positive arcs when the sample line was pre ent but very faint.

T Sc‘grwol

fe ORBIT-disc tests described here for beef, pig, horse and sheep/goat have been developed to meet current demand

OF stricter routine quality control by the British meat processing industry and Law enforcement authorities. The

32;9?157 American ORBIT system of Mageau et alt, (1984) demonstrated certain practical impfovements for beef
hp{flfa*1on which were readily repeated by this study. It was alsolaccnrata, ﬁgst-effpct1ve and suwtab?e for
d use Hy inexperienced operators. However, the most useful attribute of ORBIT-style tests, such as in this
Wborat cory's development, was that both antisera and reference species meat extracts were conveniently supplied in
%:er) stable, standardised and ready-to-use form. This shoy?d reduce pgs§1b]e variation and_error ?n test
8 Ponse by different antisera products and overcome the problem of providing similar authentic species meat
Xtracts at short notice.

Ma) kits

supplied with a simple pictorial guide and sufficient dis
pec1°s (beef, pig, horse and sheep/goat) have now been evaluated by 10 laboratories including representatives of
€ UK meat industry, public (County) analysts and other participants ”out1nelj involved with meat species
d“"t1f7catlon In this, no attempt was made to define conditions for meat sampling or preparation and the

Oratories wcre free to test their own meat materials. Most evaluators returned favourable results and
anluqen that the system was suitable for application in an industial situation or by a practising analyst. In
“r 1abordbo trials, mixtures of common meats were analysed which bore some relevance to problems often

fMCountered by the industry, such as determination of sensitivity levels in MDM.

&:E test, as now developed, is b;suu on the well-known precipitjn recognition of residual hlood:protgins in meat
dse a1oo Hayden, 1978; nger;te1n & Greug], 1982 a?d Swart & W1lks. 1982) and consequently suffers from several
) advanfages which restrict its applications to well def}ned circumstances: - i

losely related species eg. sheep and goat, horse and donkey, beef and buffalo cannot be differentiated because
é?ti a1Wdu> result in responses of complete identity. Even with the use of antiﬁera produced from c?osely
;~'ated host animals (Weitz, 1952; Patterson et al., 1984) and subsequent absorption treatment of antisera to
UH$POVe specificity such differentiation still requires a more sensitive "immunoassay", such as ELISA to identify
b) Que species- sncc1‘1( epitopes and provide reliable positive or negative results.

ther unusual cross-reactions of economic importance may be encountered, for example the partial identity
bspoﬂse for beef/venison (not reported by Mageau et al.) of our sheep anti-beef antisera. The intact meats could

dis stinguished but were not resolved in beef/venison mixtures. Modification of the beef test, to block

to carry out 25 duplicate tests for each
3

gzerart»ow of antibodies recognising the venison a\bumiq? was 59cces<‘gl but the subsequent‘beef-onTy response
awt)gplp% and diffuse. An improved response was not obtained using a concentrated IgG fraction from the absorbed
Al
“3erh? presence of r;sidua?kblood proteins, whilsF sufficienfff sensitive to give verification results in most
h cg]gh tests, 1nd1c§te tne_spﬂc1ﬁs meat Qn]y when the samples are in the form of whole pieces, a constraint
may not be practicable in all industrial circumstances. Under routine use the 5-7% Jlevel detected is
1 babty sensitive enough to ensure the absence of unwanted species such as horse meat in frozen, boxed beef after
v;zoh, but more thorough checking would require the extra 24h incubation period because of the natural
'ability of residual blood in this tissue. In fact, as sample extraction and test completion required only
g 2;”31 effort we considered the time delay for low substitution tests or for verifying the_ahseuce of nominated
1es would be justified during a routine factory turnover (48h max*NLm) Furthermore, since the cost per test
) ?évpd was also minimal (25-50p per uupl1cat¢ te;t), more samp]e s ites could be tested, if required.
QEnere‘;urrent test can onYy be applied to verify/identify species in raw meat and meat products; however, further
ation of suitable antisera should accommodate similar tests for heated products.

1
m]S hoped that, after further interlab testing, to have kits produced commercially containing all the necessary
tthOHED*g at an acceptable cost for routine use to enable laboratories to carry out initial screening tests on
r incoming raw meat supplies.
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Table 1.
the "Base" species:beef pig, horse or sheep)

ORBIT-disc test results on minced meat mixtures (numbers indicate the % substitution of test species

"ORBIT" species disc test
: adl
"Base species
mince Beef Pig Horse Sheep/Goat A
5 2 ’ a,b - -
A1l tests for beef 1.0 (st 53 Skt s 10(++),7(++),
BEEF ‘base’ clearly 4(-)(-),3(=)(+) 5(=)(=), 3(=)(-)
visible (+ve) at
16-20h
e nd ey \b A7 T
10(++)°, 6(+)(++) ", A1l tests for
PIG 4(-){(-),3(-)(-) 'base’ clearly visible
{+ve) at 16-20h
10(++ )37 (3+) . 5{4+)35 10{++),7(3+), A1l tests for horse 10(+)(++),7 ++) s
HORSE () +1) 5(+)(++) 'base' clearly 5(+)(++),3
visible (+ve) at
16-20h
10(++),64=)(++)s 15(++),10(++)57(++), 10(++),7(++),
SHEEP 3(-)(+) 6(+)(++),5(-)(=), 5(=)(+),3(=)(+)
3(=)(=)s3(=)(~)
(a) Results at 16-20h in first bracket

inconclusive.

(b) Results at 40-44h in second bracket, shown when (a) was
++ Response positive; clear and well-defined arcs.
< Response just visible, difficult to inte

Response

negative, no visible arcs.

Fig. 1 Templates for ORBIT-disc
application (for species

A-D, as reguired)

rpret.

_ ® &
® ®

A: Positive-~arc

@/7-(;{@

C: Partial identity

B:Negative-line

&
@ﬁ@
®

D: Negative ("false

positive”)
Fig. 2. Typical ORBIT-disc precipitin lines
(visible in the agar gel)
KEY: @ Reference meat discs

@ Anti-species antibody discs

L.oaded sample discs; duplicate tests applied
as (Fig. 2) to obtain the characteristic arcs
for positive identification




