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(beta-alanyl-3-methylhistidine),
which amongst the common meat species
is virtually unique to the pig, can
be detected by HPLC (Carnegie et al.,
1983). Also a rare fatty acid,
11,14-eicosadienoic acid (C 20:2) has
been found in pork and lard (Saeed et
al, 1986) using gas chromatographic
analysis of the methyl esters; in
this case, a detection limit of 1%
pork in beef and mutton was achieved.
Although these methods may be
suitable for quality control in
special circumstances, considerable
investment in equipment and expertise
is required.

Several independent versions of the
ELISA tests have now been reported
which can identify pig meat in heated
meats and meat products. The capture
ELISA of Berger et al. (1988) has the
ability to detect very low levels of
heated pig meat extract in beef,
chicken, or horse muscle extract. It
is based on the detection of a highly
soluble, heat-resistant component of
fresh, unheated pork, which had been
isolated in very pure form and used
successfully as the immunogen.
However, estimation of the apparent
content of pig meat was not
considered. A simpler indirect
assay, described by Kang'ethe and
Gathuma (1987) detected similar
soluble "thermostable" antigen
analytes derived from saline extracts
of the meat. This approach was
effective for the species
jdentification of autoclaved, boiled
or raw meats and, in the examples
quoted, was capable of detecting ca.
3% of specified species in a mixture
of meats.

The competitive-indirect ELISA for
pig meat evolved by Manz (1985)
showed many similarities to the
original soy protein ELISA work of
Hitchcock et al. (1981). As in the
former, this assay was applied to
heated meat products after they had
been fully solubilised with 8M urea
and mercaptoethanol. This work
jdentified an e,-globulin as the
likely heat stab%e antigenic analyte.
Quantitative estimation of pig meat
content was attempted, but the level
of responses to pig offal materials




was not given. Also, the full method
was quite cumbersome and considered

inappropriate for use by the majority
of meat quality laboratories.

This paper describes the development
of a practical protocol for sample
preparation, and two ELISA procedures
for detection of heated lean meats,
particularly pig meat, in a wide
variety of meat materials and
products. They are intended for use
in meat industry quality control
laboratories, public analyst lab-
oratories, and by others acquainted
with immunoassay techniques.

MATERIALS AND METHODS

As the procedure is under commercial
development at present, a detailed
account of the experimental
methodology cannot be given; but an
outTine follows.

Preparation of antigen and antiserum
Trimmed lean species meats (pig,
beef, sheep, horse, chicken, turkey)
from various leg and shoulder
muscles, were individually cut into
small pieces and comminuted finely.
Thermostable muscle components were
prepared by a special autoclaving and
extraction procedure, and used as
antigens to produce the anti-species
muscle antisera. Sheep and goats
were used as the principal host
animals, and each received one
primary injection of immunogen
containing Freunds Complete Adjuvent
at four intramuscular sites in the
shoulder and hindquarters. Five
booster injections, in Incomplete
Freunds, were given at 4-6 week
intervals over six months. Blood was
withdrawn from the jugular vein at
intervals after the booster
injections and at slaughter.
clotting, expressed serum was
centrifuged and freeze-dried for
long-term storage, or stored in
liquid form stabilized with sodium
azide. Each batch of antiserum was
screened for specificity of response
to the relevant antigen by an ELISA
procedure (see below) and its
specificity improved as required by
use of a tailored "blocking" solution
(Jones and Patterson, 1986b) to
nullify the heterologous
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cross-reactions.

Preparation of sample extract® e
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in skeletal muscle (and tongue), it
did not provide an unequivocal
distinction between these offals and
pork/beef mixtures containing less
than 50% pork meat. However, there
was no response either to skeletal
muscle, tongue, heart or any of the
offals of bovine, ovine or equine
origin.

Further tests on model lean meat
mixtures by indirect ELISA
demonstrated a highly significant
linear correlation (r = 0.97) between
corrected OD values and increasing
percentages of pork in beef, lamb and
chicken meats. Fig. 1 shows the
combined results of two assay runs on
model mixtures (extracted and
analysed in duplicate) containing
pork from 3 to 99%, mixtures without
pork, and the pure species meats
(pig, beef, sheep and chicken). In
all the model mixtures tested, OD
readings for 5% of pork lean in any
other species were significantly
different from the corrected 0D
readings of the other pure meats or
the meat mixtures without pork at the
99% probability Tevel, with a least
significant difference of 0.08 0D
units. Maximum responses were
obtained from mixtures containing
greater than 90% pig meat. Analysis
of eight samples of whole muscle from
different sites within the pig
carcass gave a 5% coefficient of
variation about the mean 0D value of
1.63; the comparative result for the
tongue was 1.40.

Responses from other heat-treated
meat product materials not containing
pigmeat were minimal. Corrected 0D
values were <0.05 for extracts of soy
protein, milk powder and a beef
sausage mixture containing a high
proportion of rusk.

Quantitative estimation of lean

content

The competitive form of the assay was
designed to give optimum sensitivity
to pork lean content between 5 and
100%, and to accommodate variation in
the composition of sample extracts
due to the presence of other non-meat
components.




Table 1. ELISA response of the 'blocked' anti-pig antibody reagent tO

o5
heat-treated skeletal muscle extracts of the common meat Spec

0D values at 405 nm

i frerent

Species Mean value Standard Control blank pid
of 4 wells Deviation value (2 wells) fros
Pig 1.34 0.04 0.04 29
Beef 0.05 0.01 0.04 ok
Horse 0.08 0.01 0.05 .
Chicken 0.17 0.02 0.04 %'26
Sheep 0.08 0.01 0.05 1.28 ‘
Goat 0.06 0.01 0.03 %7
Venison 0.57° 0.02 0.04 020 |
Rabbit 0.14 0.01 0.04 ;
£0
; ac
a) Cross-reactivity was later reduced by solution of 5% of venison extr
the reagent.
t
. girel
FIGURE 1 Figure 1. Response of %”?n
2.0 ELISA to heated pig med beefs
E  {Y= 0058 + 0015 X  Correlation (1) = 0.97 Tean meat mixtures with
5 1.6 lamb or chicken.
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Tﬂb]e
* Response of the anti-pig reagent to heat-treated species offals and
0 a range of pork and beef mixtures.
CQPCa
Q%mwzzt 0D values at 405 nm
mean of three values corrected values
Pig Beef Sheep Horse
1)y
Ipy
TW@EZ] Muscle 1.57 0.01 Zero Zero
feapy 1.40 0.03 nt nt
iver 0.48 (28.6%)° 0.02 0.01 0.06
Ungs 0.37 (21.8%) 0.02 0.02 Zero
]dﬂey 0.22 (12.4%) 0.02 0.03 nt
Brain 0.25 (14.2%) Zero 0.02 nt
Megp 0.11 (5.4%) 0.01 nt 0.03
“®lat 0.25 (14.2%) 0.02 nt nt
J i 0.49 (29.0%)
. (me Cutaneous) 0.82 (50%)
¥ Senteric)  0.53 (31%) nt = not tested
1]‘) B T T R T S T T T T B e T T B
MOde
: : Por‘k/Beef mixtures: Linear regression constants: y=mx + c
b
log POk in beef  0.10 0D m = 0.016
&g 5 0.15 ¢ = 0.023
30y . 0.41 r = 0.994
. 0.86
$iky X 1.37
Cra 1.45

Pelmateva]\UeS refer to the equivalent percentage of pork in beef L

QSPm1eS from the linear response of six raw pork/beef mixtures (ii), the

ngva]en Of other species pure muscle meats and offals extracted with
mDaMSOn heat treatment and analysed during the same assay for

R
QePi]ction
gﬁe)igsfrém"f gogktwa? czntgntdwere Figure 2 and Table 35 The e

Ut s ata of standar response was linear between and
ﬁggémm € Curves as follows: 2.52 concentrations, but outside
i-rgg Pork mpure, 1:10 diluted, these limits it tended to a curve and
i SPegetat i cat extract (from plateau. Thus evaluations of high
wahs1ng € muscles) gave pork lean content (>75%) were less
Q%SQDQ di]utya]“es through seven accurate because small variations in
ey ity 5¢ ' ONS to the Timit of the Tow OD values of individual wells
3 Dl dtign 0.63% of the original resulted in large differences of

"y Otte o This standard curve estimated pork lean on the

N €ach plate within an logarithmic scale; also minor
"own by “the examples of va?iations in background colour had a
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more significant effect.

Most sample extracts were diluted
three- and six-fold for the assay, to
provide two independent parallel
points within the optimum sensitivity
range. This was done to compensate
for potential variation arising from
the different extract matrices
derived from the range of meats and
meat products. The average pork lean
content was then calculated via
appropriate multiplication factors.
In this way, the majority of heated
meat mixtures could be analysed for
apparent pork lean content with
reasonable accuracy, although samples
with a high pork lean content and
individual muscle extracts required
higher dilution, ie. 5- and 10-fold.

The major pig offals, fatty tissues
and gelatin gave only small
reductions in OD from the average MAB
value (Table 3). Only pig brain
extract at the 1:3 dilution returned
a measurable value for apparent pig
lean content (4.5%). Other
“negative" results were recorded for
extracts of beef, sheep and chicken
offals. A slight reduction in OD was
noted between the 1:6 and 1:3
dilution in each case; however this
was attributed to the difference in
solution matrix and concentration
change of the extracted components.
The same effect was also observed in
extracts of meat products not
containing pig meat and the soy
protein and milk powder, but all gave
a negative result for lean content in
relation to the standard pig
response. Thus in contrast to the
foregoing indirect procedure, this
quantitative ELISA for heated pig
meat is virtually specific for the
presence of muscle antigens. This is
because, in this form, the assay was
not sufficiently sensitive to detect
the relatively low concentrations of
heat-stable antigen present in the
tissues of the main offals or fat.
Black Pudding, a meat product rich in
pig blood and fat, also gave a
negative result.

Figure 3 compares the ELISA results
for pork lean content in a range of
carefully formulated lean meat

($)}

nte
mixtures of low (pork) fat Cmﬁgw“‘
For these quantitative testS: -
batches of minced pig lean fr%
different sources were mixed ¥ . el
lean meats of beef, sheep OF £he o
Points on the graph represén ﬂ@mtﬁ
estimate of single extractS: " 4o
average results of four wells
1:3 dilution and two at 1{6?ant
Overall, there was a 519”1f1cne .
linear relationship between t ndtm
estimated content of pig meattﬂm
original formulation (correl? ]
coefficient r=0.97 on 52 po1’
p<0.001).

CONCLUSION he
These ELISA procedures for ttjoﬂog
identification and determind* =.pl
heated pig meat are simple @

to perform and require only ?
thorough autoclaving extrac® ..
procedure to prepare all samra of
analysis, whether initially, prﬁe
heated. Since the antigen '° ;s
in the exudate of cooked P19 .4
all exudate must be incorpo’ foﬁm
fully into each meat samplé !
extraction, otherwise a ré
the quantitative responsé
will be obtained.

fof

In both assays, the rangé Qg fBQ
sensitivity permits deteCt1’1meﬁme
of pork mixed with other 182  ppo!
whilst the indirect assay Cjn in %g
identification of pig Protes,esﬁ
selection of the offalss '“ ory
to the blood components wasetﬂiwwf
On the other hand, the Compjc1@fce
assay was apparently spec! er,sm
muscle-meat content. HOWev e
a significant variation 1" nusC ope
response to individual P19 . of
was obtained, the evaluat1? HJSAﬂd
"lean meat content" by th1® “cjde
cannot, unfortunately, D€

as truly absolute.

o




Tc‘lb]
Results of a competitive ELISA for heat-treated pig meat and
offals. Corrected OD values at 405 nm from two wells.

Authentic pork lean

1 )
0, "'ons, % 8o 40 20 10 5 2.5 1.25 0.63
0.28  0.37 0.56  0.80  1.04 1.35 1.61 1.77
MAB? 0D : 2.28 (+0.12)

gorreCted 0D values (and equivalent pig lean content) of Pig Offals

\ MAB? 0D: 2.28 (+0.12)
U?%"&Ct
Ut
i Heart Liver Lungs Kidney Spleen Brain
1:3
2 2.07(-) 2.13(-)  2.16(-) 1.81(-) 1.78(-) 1.55(4.5)P
2.12(-) 2.18(-) 2.23(-) 1.96(-) 2.00(-) 1.83(-)
Fat (c) Fat (d) Gelatin(e)
1;3
l:g 1.88(-) 2.05(-) 2.19(-)
2.05(-) 1.98(-) 2.30(-)
Q) M
axj :
21 Le :um antibody binding value: mean (+ sd) of 4 wells
Sube Content corrected for dilution factor c) Mesenteric fat
dneous fat e) Gelatin derived from pig skin
Q\} { oy . 0.95X  Correlation (r) = 0.94
b ®
E 109 @
R : ‘el Figure 3. Pig lean meat
¢ 0 estimation in model meat
S mixtures.
9 6g J
D
Q 4o
\
9
9 2
Y
8 :
% 0
y
0
Pig I:o 40 60 80 100
N in model meat mixture (%)
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