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(be ta -a lany l-3 -m ethy lh is t id i ne), 
which amongst the common meat species 
is  v i r tu a l ly  unique to the pig, can 
be detected by HPLC (Carnegie et a l . ,
1983). Also a rare fa t ty  acid, 
11,14-eicosadienoic acid (C 20:2) has 
been found in pork and la rd  (Saeed et 
a l ,  1986) using gas chromatographic 
analysis of the methyl esters; in 
th is  case, a detection l im i t  of 1% 
pork in beef and mutton was achieved. 
Although these methods may be 
suitab le  fo r qu a li ty  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 id e n t i fy  pig meat in heated 
meats and meat products. The capture 
ELISA of Berger et a l . (1988) has the 
a b i l i t y  to  detect very low levels of 
heated pig meat extract in beef, 
chicken, or horse muscle ex trac t.  I t  
is  based on the detection of a highly 
soluble, heat-res is tan t component of 
fresh, unheated pork, which had been 
iso la ted in very pure form and used 
successfully as the immunogen. 
However, estimation of the apparent 
content of pig meat was not 
considered. A simpler in d ire c t 
assay, described by Kang'ethe and 
Gathuma (1987) detected s im ila r 
soluble "thermostable" antigen 
analytes derived from saline extracts 
of the meat. This approach was 
e f fe c t ive  fo r  the species 
id e n t i f ic a t io n  of autoclaved, boiled 
or raw meats and, in the examples 
quoted, was capable of detecting ca. 
3% of specified species in a mixture 
o f meats.

The com petit ive - ind irec t ELISA for 
pig meat evolved by Manz (1985) 
showed many s im i la r i t ie s  to  the 
o r ig ina l soy protein ELISA work of 
Hitchcock et a l . (1981). As in the 
former, th is  assay was applied to 
heated meat products a f te r  they had 
been f u l l y  so lub il ised  w ith 8M urea 
and mercaptoethanol. This work 
id e n t i f ie d  an © (.-g lob u lin  as the 
l i k e ly  heat stable antigenic analyte. 
Q uantita tive estimation of pig meat 
content was attempted, but the level 
of responses to  pig o ffa l  materials
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was not given. Also, the f u l l  method 
was qu ite cumbersome and considered 
inappropriate fo r  use by the m ajority  
of meat q u a l i ty  labora tories .

This paper describes the development 
of a prac tica l protocol fo r  sample 
preparation, and two ELISA procedures 
fo r  detection of heated lean meats, 
p a r t ic u la r ly  pig meat, in a wide 
va r ie ty  of meat materials and 
products. They are intended fo r  use 
in meat industry q u a l i ty  control 
labora to r ies , public analyst lab­
o ra to r ies , and by others acquainted 
w ith immunoassay techniques.

MATERIALS AND METHODS 
As the procedure is under commercial 
development at present, a deta iled 
account of the experimental 
methodology cannot be given; but an 
ou tl ine  fo llows.

Preparation of antigen and antiserum 
Trimmed lean species meats (p ig , 
beef, sheep, horse, chicken, turkey) 
from various leg and shoulder 
muscles, were in d iv id u a l ly  cut in to  
small pieces and comminuted f in e ly .  
Thermostable muscle components were 
prepared by a special autoclaving and 
extraction  procedure, and used as 
antigens to produce the anti-species 
muscle an tisera . Sheep and goats 
were used as the pr inc ipa l host 
animals, and each received one 
primary in jec t io n  of immunogen 
containing Freunds Complete Adjuvent 
at four intramuscular s ites  in the 
shoulder and hindquarters. Five 
booster in je c t io n s , in Incomplete 
Freunds, were given at 4-6 week 
in te rva ls  over s ix  months. Blood was 
withdrawn from the jugu la r vein at 
in te rva ls  a f te r  the booster 
in jec t io ns  and at slaughter. A fte r 
c lo t t in g ,  expressed serum was 
centrifuged and freeze-dried fo r  
long-term storage, or stored in 
l iq u id  form s ta b il ize d  with sodium 
azide. Each batch of antiserum was 
screened fo r  s p e c i f ic i t y  of response 
to the relevant antigen by an ELISA 
procedure (see below) and i t s  
s p e c i f ic i t y  improved as required by 
use of a ta i lo re d  "blocking" so lu tion 
(Jones and Patterson, 1986b) to 
n u l l i f y  the heterologous

cross-reactions.
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hî
^  'r<

to

characterise the nature
whether e x c lu s i^  0pt v

t c>response j_e wnetner exi.|u-' c0mP' 
muscle proteins or also to 
of blood, o f fa ls ,  collagen,

S S f Vcame 1
Although bas ica lly  of the , 
format, there were procedur

between the th ^ a f  
bias the assay ^

and 3) fo r  quantita tion  
estimation of lean meat

differences 
systems, to 
e ith e r maximum 
broadest range fo r  
example, the la t te r  
i n troducti on 
early in the

for
s e n s i t i v i t y ^ ion; ^

of a 
procedure

i t a t1 

c o m V tiVe
quantl!hievfV

Horse radish 
an ti-goat IgG

peroxidase c0  ̂ jp le 
was used as c°

t«

530



sec,i -ond
b°Ct'y and detector enzyme;

&
' ' u> (OD)

¿1 °9Gn uuy ana aerecxor en 
;% )  " Peroxide + ABTS (Sigma 
nri> Sut>strate bu ffe r was added 

Sitv , r j ncubation, the optical
*nd
de
"ell of the solutions in thej. Ulfc! bUIUUUIIb
toniatir0r?ed at 405 mm by an 
Vp1- Plate reader. ColourOf o!°PnivHinen* --  --
¿I sQ1 1 was stopped by addition

u tion of sodium f lu o r id e .

r ^ a T T ^ ^ g l f i c i t y .
n4!cti°ns o f1Sul f ic a n t  cross"
Of t°bserv h the anti_Pi 9 antiserum 
L bbe Qthed with the muscle extracts 
OffeVer, +-ur CorT1|non meat species.
Drv ct iv a-i ese were suppressed 
N u r e ly by the blocking 
gr 1, >as shown by the resu lts  in 

o?ber Table shows differences
n 1.0 OD units  between the■ ^ur

i  9nd
;!* shiii. a b b s 4.

l L extracts.

e c 01th9
t0V t  aid resP°nse to  pig muscle 

sh ^0w c° l ° ur response 
^ai^bbit eep> 9oat, chicken, horse 
n J V  d if f X tracts. However a
in̂ crecorded rence 00 unitsCrQ'catinQ d between pig and venison, 
CrV  reaci-a higher level of 
lai.Ss reac. 1.0n to tha t species. This

1 Vi tv  Wflc i l  cn  ror li iror l  f r i r
'at, te J  vvab a I bU [ truubcu

by the same p r in c ip le .

9ans ,show
t ^  sign^lud^n9 heart muscle a l l  
lt|Osr lSarnplp1Canbly lower OD values

IntSf pure pig skeletal 
^ i s for tbe Same assay>
\ S ^ S i n n ° r} ' beef mixtures w ith 
?T DnWer© r«? Sub s t i tu t io n  of pork 
(paj ,rk by a ated to  the percentage 
\ ; ° 0l ) i .  highly s ig n if ic a n t  
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Tat- pr°duced by two extracts
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» C  Ilia?"- Thns although the

hsS:?
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in skeletal muscle (and tongue), i t  
did not provide an unequivocal 
d is t in c t io n  between these o f fa ls  and 
pork/beef mixtures containing less 
than 50% pork meat. However, there 
was no response e ith e r to skeletal 
muscle, tongue, heart or any of the 
o f fa ls  of bovine, ovine or equine 
o r ig in .

Further tests on model lean meat 
mixtures by in d ire c t  ELISA 
demonstrated a highly s ig n if ic a n t 
l in e a r co rre la t ion  ( r  = 0.97) between 
corrected 0D values and increasing 
percentages of pork in beef, lamb and 
chicken meats. Fig. 1 shows the 
combined resu lts  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 
(p ig , beef, sheep and chicken). In 
a l l  the model mixtures tested, 0D 
readings fo r 5% of pork lean in any 
other species were s ig n i f ic a n t ly  
d if fe re n t  from the corrected 0D 
readings of the other pure meats or 
the meat mixtures without pork at the 
99% p ro b a b i l i ty  le ve l,  with a least 
s ig n if ic a n t  d ifference of 0.08 0D 
u n its .  Maximum responses were 
obtained from mixtures containing 
greater than 90% pig meat. Analysis 
of eight samples of whole muscle from 
d i f fe re n t  s ites  w ith in  the pig 
carcass gave a 5% co e f f ic ie n t  of 
va r ia t ion  about the mean 0D value of 
1.63; the comparative resu lt fo r  the 
tongue was 1.40.

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

Q uantita tive estimation of lean 
content
The competitive form of the assay was 
designed to give optimum s e n s i t iv i t y  
to  pork lean content between 5 and 
100%, and to  accommodate va r ia t ion  in 
the composition of sample extracts 
due to  the presence of other non-meat 
components.
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Table 1. ELISA response of the ‘ blocked1 a n t i-p ig  antibody reagent to ^  
heat-treated skeletal muscle extracts of the common meat specl

Speci es Mean value Standard Control blank Differel 
from Pof 4 wel1s Deviation value (2 wells)

Pig 1.34 0.04 0.04 1.29
1.2
1.1
1.26
1.2?
0.77
1.20

Beef 0.05 0.01 0.04
Horse 0.08 0.01 0.05
Chicken 0.17 0.02 0.04
Sheep 0.08 0.01 0.05
Goat 0.06 0.01 0.03
Venison 0.57a 0.02 0.04
Rabbit 0.14 0.01 0.04

a) C ross-reac tiv ity  was la te r  reduced by solu tion of 5% of venison extra 
the reagent.

FIGURE 1

% of pig meat in lean meat mixture

Figure 2.
Typical absorbance carve fo r  
the competitive ELISA.

lamb or chicken.

FIGURE 2
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6 2. Response of the a n t i-p ig  reagent to heat-treated species o f fa ls  and 
to a range of pork and beef mixtures.

Car
N n $s

ent 0D values at 405 nm
mean of three values corrected values

Pig Beef Sheep Horse

™uscleS t
S e r
N s
í eyr âln 

6 &  
fat

(iïiôCUtaneous)
' '  . _esen te r ic )

Pel
h

Ox

N

P° r k/Beef mi 

Pork in beef

1.57 0.01 Zero Zero
1.40 0.03 nt nt
0.48 (28.6%)a 0.02 0.01 0.06
0.37 (21 .8%) 0.02 0.02 Zero
0.22 (12.4%) 0.02 0.03 nt
0.25 (14.2%) Zero 0.02 nt
0.11 (5.4%) 0.01 nt 0.03
0.25 (14.2%) 0.02 nt nt
0.49 (29.0%)
0.82 (50%)
0.53 (31%) nt = not ■tested

ixtures: Linear regression constants: y=i

0 . 10 0D m = 0.016
0 . 15 c = 0.023
0 . 41 r = 0.994
0.86
1.37
1.45

’1) Skiff) med mi 1k powder and soya protein gave OD values <0.10.

e ' S t
^alues re fe r to  the equivalent percentage of pork in beef 

tj ■ -n$e ^rom the l in e a r  response of s ix  raw pork/beef mixtures ( i i ) ,  
S lva leS of ° ther species pure muscle meats and o f fa ls  extracted with
N a r ic S  ^eat treatment and analysed during the same assay fo r  

i;>on.

the

1^1cti0n
S e S  from01" pork l ean content were 
^Ut-Npon* t *1e data of standard 

S d N  n^e Curves as fo llows:
Jv!? Porkfp U r e > 1:10 d i lu te d ,
\ S tat i l ! at extract (from 

S f ^ n g  0D muscles) gave
d-nU, Va^ues through seven 

N f i S i t v  Û 0ns to  the l im i t  of 
! O t r a t i ° * 63% of the o r ig ina l 

°tteq * This standard curve 
’ as shn°r eac*1 p late w ith in  an 

Wn by the examples of

Figure 2 and Table 3. The assay 
response was l in e a r between 30 and 
2.5% concentrations, but outside 
these l im i ts  i t  tended to  a curve and 
plateau. Thus evaluations of high 
pork lean content (>75%) were less 
accurate because small var ia tions in 
the low 00 values of ind iv idua l wells 
resulted in large differences of 
estimated pork lean on the 
logarithm ic scale; also minor 
var ia tions in background colour had a
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more s ig n if ic a n t  e f fe c t .

Most sample extracts were d ilu ted  
three- and s ix - fo ld  fo r  the assay, to 
provide two independent pa ra l le l 
points w ith in  the optimum s e n s i t iv i ty  
range. This was done to compensate 
fo r  potentia l va r ia t ion  a r is ing  from 
the d if fe re n t  extract matrices 
derived from the range of meats and 
meat products. The average pork lean 
content was then calculated via 
appropriate m u lt ip l ic a t io n  fac to rs .
In th is  way, the m ajority  of heated 
meat mixtures could be analysed fo r 
apparent pork lean content with 
reasonable accuracy, although samples 
with a high pork lean content and 
ind iv idua l muscle extracts required 
higher d i lu t io n ,  ie .  5- and 10- fo ld .

The major pig o f fa ls ,  fa t ty  tissues 
and ge la tin  gave only small 
reductions in OD from the average MAB 
value (Table 3). Only pig brain 
extract at the 1:3 d i lu t io n  returned 
a measurable value fo r  apparent pig 
lean content (4.5%). Other 
"negative" resu lts  were recorded fo r  
extracts of beef, sheep and chicken 
o f fa ls .  A s l ig h t  reduction in OD was 
noted between the 1:6 and 1:3 
d i lu t io n  in each case; however th is  
was a tt r ib u te d  to the d ifference in 
so lu tion matrix and concentration 
change of the extracted components. 
The same e ffec t was also observed in 
extracts of meat products not 
containing pig meat and the soy 
prote in and milk powder, but a l l  gave 
a negative resu lt fo r  lean content in 
re la t io n  to  the standard pig 
response. Thus in contrast to  the 
foregoing in d ire c t  procedure, th is  
q u an t ita t ive  ELISA fo r  heated pig 
meat is v i r t u a l l y  spe c if ic  fo r  the 
presence of muscle antigens. This is 
because, in th is  form, the assay was 
not s u f f ic ie n t ly  sens it ive  to detect 
the re la t iv e ly  low concentrations of 
heat-stable antigen present in the 
tissues of the main o f fa ls  or fa t .  
Black Pudding, a meat product r ich  in 
pig blood and fa t ,  also gave a 
negative re s u lt .

mixtures of low (pork) fa t cor>ise^^  
For these quan t ita t ive  tests,
batches of minced pig lean 
d if fe re n t  sources were 
lean meats of beef, sheep °r

from
mixed

Points on the graph representf^0m
estimate of s ing le extracts, ■ tv(o 
average resu lts  of four weHs’
1:3 d i lu t io n  and two at 1:6» *

li f i can theOverall, there was a sign 
l in e a r  re la tionsh ip  between 
estimated content of pig mea t1 
o r ig ina l formulation (correj 
co e f f ic ie n t  r=0.97 on 52 Poin 
pcO.OOl).

an
on

CONCLUSION h
These ELISA procedures for t  o> 
id e n t i f ic a t io n  and determina fapi 
heated pig meat are simple â  
to  perform and require only n 
thorough autoclaving extract fo 
procedure to  prepare a l l  sa PgW of ( 
analys is, whether i n i t i a l l y  re$e 
heated. Since the antigen 
in the exudate of cooked P1̂  te<j 
a l l  exudate must be incorp0' f 0re 
f u l l y  in to  each meat samP ^ uCt i oil 
ex trac t ion , otherwise a red 
the quan t ita t ive  response f° 
w i l l  be obtained.

In both assays, the range 0f $
s e n s i t iv i t y  permits detect! ^ . ¡ i
of pork mixed with other l e pr°v 
w h i ls t  the in d ire c t  assay c in a 
id e n t i f ic a t io n  of pig Pro t® 
selection of the o f fa ls ,  1 very ' 
to  the blood components waS 
On the other hand, the cornL c f°C ce 
assay was apparently sPeClver, $1 
muscle-meat content. Howe 
a s ig n if ic a n t  var ia tion  i n 
response to  individual P1? of i 
was obtained, the evaluat) j
"lean meat content" by t *11c0ns1̂ e 
cannot, un fortuna te ly , be 
as t r u ly  absolute.

Figure 3 compares the ELISA resu lts  
fo r  pork lean content in a range of 
ca re fu l ly  formulated lean meat
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Results of a competitive ELISA fo r  heat-treated pig meat and 
o f fa ls .  Corrected OD values at 405 nm from two w ells .

Authentic pork lean

d!in̂ rd
0D;Utl°ns, % 80

0.28
40 20 10 5 2.5 1.25
0.37 0.56 0.80 1.04 1.35 1.61

MABa 0D: 2.28 (+0.12)

0.63
1.77

Corrected 0D values (and equivalent pig lean content) of Pig Offa ls

S j S t
ution

1:3
1:6

Heart

MABa OD: 2.28 (+0 

Liver Lungs

. 12)

Kidney Spleen

2.07(-) 2.13(-) 2 .16(-) 1.81(-) 1•78(—)
2 . 12(- ) 2 .18(-) 2 .23(-) ! . % ( - ) 2 . 00( - )

Fat

1:3
1:6

(c) Fat (d) Gelatin(e)

1.88 (- ) 2.05(-) 2 .19(-)
2.05(-) 1 - 98(-) 2.30( - )

Brain

1.55(4.5)
1.83(-)

b

h ^xi
j Leĝ 111 antibody binding value: mean (+ sd) of 4 wells 

Siibr Conten t corrected fo r  d i lu t io n  fac to r
u1;aneous fa t

c) Mesenteric fa t
e) Gelatin derived from pig skin

3

Figure 3. Pig lean meat 
estimation in model meat 
mixtures.
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