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ATP-BIOLUMINESCENCE : A RAPID METHOD FOR THE ESTIMATION OF 

MICROBIAL CONTAMINATION OF MEAT AND MEAT PRODUCTS

H. Labots, M.Sc. and F.K. Stekelenburg

TNO Netherlands Centre for Meat Technology, Zeist, The Netherlands
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of UlQIi‘esceuce phenomenon has already been observed and described many centuries ago. The
Dif Vinous bacteria and other luminescent organisms is, however, of a relatively recent 

?reftt light emitting reactions appear to occur in luminescent organisms. Since the 
y in 1947 by McElroy of the requirement for ATP (adenosine triphosphate) in the biolun .  .  ~ '  -v 1 u y  n u i u u y  u i  k i te  i c x j u n c m c u i .  r u i  - 1—  1----------------- ----  -------  -------------------

l)oeayStetn of the firefly Photinus spiralis, the luciferin-luciferase complex of the firefly

+
teactU8^  in many sensitive analyses based on luminescence (8,10). 

l°n can be summarized as follows:

cifetin 0, luci ferase

M g
2 +

AMP ♦ pyrophosphate ♦ CO^ ♦ oxyiuciferin + light

ÍBKtlCentratio“s o£ lucifariu, luciferase, Mg2+ and Oz are kept constant, the system will
0l'*‘ ^ an intensity proportional to added low levels of ATP. A more or less stable light 

filing by a few % each minute) is apparent about 1 sec after mixing. For the assay of
amo,

s©c

nVl

dut Of light (photons) produced over a fixed period of time (generally 10 sec, begin- 
after mixing) is measured (Figure 1).

s a °n Of ATP bioluminescence measurements aiming at the specific estimation of bacteria pre- 
e<t frSeri°us problem with regard to selectivity, in that many types of samples contain AT? de-

h biological tissues other than bacterial cells (7). Therefore, before the assay, the 
°uld be subjected to a selective treatment to remove non-bacterial ATP. V01 i



hâ^e
A simple filtration might be effective» but sometimes complex treatments including cation 
resin or centrifugation are needed, which impedes a more general use of this method (l>5> » ^
However, a very simple technique was developed by Lumac®, with two different detergent reag 
The Lumac®/3M system has been tested on milk (2,11) and meat (3).

2. Materials and methods
shop5’

beef as well as beef/pork mixtures - were bought in *ocaJucCs39 samples of raw minced meat
and 20 samples of different raw meat materials for the production of cooked cured meat Pr°a 
were obtained from a meat plant. .
The raw meat samples were homogenized with dilution fluid in a Stomacher® for l minute.  ̂an<j 
homogenate was used to estimate the Standard Plate Count (Plate Count Agar, 3 days at 30 
the ATP content. were
18 samples of vacuum packed cooked cured meat products were obtained from meat plants; they 
swabbed with cotton swabs (100 cm^), shaken in 10 ml dilution fluid with 0.1 l Tween 80 an 
beads. With this fluid Standard Plate Counts and ATP-estimations were carried out.

2#
sre carried out with the Lumac®/3M IMC test kit, aceordiig to the scheme in Figur„The tests were carried out with the Lumacw /3M IMC test kit, according to the scheme in " e  ^  

The original Lumac® reagents: NRS®, SOmase™, NRB®, Lumit®-PM, Lurait®-buffer, as well ®s 3"jvely 
standard were used. With the NRS reagent the ATP from the somatic cells is extracted selec gX>
and immediately inactivated with Somase, an ATP-ase. Then the ATP from the bacterial cel ® 
tracted with NRB. The thus released ATP reacts with the luciferin-luciferase complex adde • 
light emitted is measured with a photometer (Biocouuter®) (Figure 3) and expressed as Rela 
light Units (RLU).

3. Results and discussion
we i y ate

The results for minced meats, raw meat materials and cooked cured meat products respect1 eenisl0̂ ' 
summarized in Figures 4, 5 and 6. These results became available within one hour after bom^^ cute 
Good correlations were calculated for the raw meats as well as the swab samples of the oĤ h[
meat products. The regression lines for the different products were not identical, posst ’^ jign
to the limited number of samples, the different microflora or varying degrees of quenching
loss in the different samples. r0i
Nevertheless, the Lumac/3M method appears to be rapid, reliable and sensitive and is als® F 
for on-line monitoring of bacteriological qualities.
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Figure 2 - Schematic of rapid 
bacteria counting technique 
using firefly luciferase
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FIGURE A - RELATION BETWEEN THE STANDARD PLATE COUNTS OF MINCED MEATS
AND MICROBIAL ATP-CONTENTS, EXPRESSED AS RELATIVE LIGHT UNITS

(RLU) (log)

FIGURE 5 - RELATION BETWEEN STANDARD PLATE COUNTS OF SAMPLES OF RAW 

MEAT MATERIALS AND MICROBIAL ATP-CONTENTS, EXPRESSED AS 

RELATIVE LIGHT UNITS (RLU) (log)

6 7 8 9
tandard plate count (spc) per g (1°8'

3 A 5



FIGURE 6 - RELATION BETWEEN STANDARD PLATE COUNTS OF SAMPLES OF TEE 

SURFACE OF COOKED CURED MEAT PRODUCTS AND MICROBIAL ATP 

CONTENTS EXPRESSED AS RELATIVE LIGHT UNITS (RLU) (log)

APPLICATION OF BIOLUMINESCENCE AS A RAPID METHOD FOR ASSESSMENT 

OF THE MICROBIAL STATUS OF MEAT

^ e t e r Zeuthen and Bjarne Eriksen,

ood Technology Laboratory, Technical University of Denmark, 
2B00 Lynqby, Denmark

Nrd£tl0n
at; Ha m drawbacks of classical microbiological procedures for assessment of the microbial 

^'labl ' is the tima lag between the actual analysis and the time at which the results are
Of

' l̂'/er the years attempts to develop rapid methods have therefore been madeasio,

Pro,
Hs, 

'oedur,

oh several

es ôr rapid microbiological methods are based on various principles, such as electrical

$1 See e,9* Hardy et al, 1977, Cady et al,1978, Wood & Gibbs, 1902) radiometry (see e.g.Rowley 
fl * 197fl)
llJ0re8 ’ or reductase tests using dyes such as resazuriri (Holley et al,1977), the direct epi-

filter technique, DEFT (Pettipher & Rodrigues, 1982) or in combination with immuno -S i q u ,  f
5|U) 0r er>umeration of Salmonella (Thomason, 1971) pH-measurements (se e.g. Rogers A McClestey
bft hd qll
660 n„. ner Physical determinations such as microcalometry (30 e.g.Cliffe et al, 1973)have also
In

Psed with varying success.
s Pfes
Statga Sent study the determination of adenosine triphosphate (ATP) as a measure of the bacterial 

b%  tg ‘̂resh meat hac been investigated. The object of the use of such rapid methods as this has J set, -
’ '"hether it would be possible to use the procedure in a public surveillance programme I vor




