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ATP-BIOLUMINESCENCE : A RAPID METHGD POR THE ESTIMATION OF
AICROBIAL CONTAMINATION OF MEAT AND MEAT PRODUCTS

H. Labots, M.Sc. and F.K. Stekelenburg
90 Netherlands Ceatre for Meat Techmology, Zeist, The Metherlands

1. laitodﬁction

The bioluminesceuce phensmsacn has alresdy beea observed and described many centuries ago. The
study of lumiuous bacteria aud otter lusisescent orgsaisms is, however, of 8 relatively recent
date. Different light emittinog veactisus appsar Lo occur ia lymimescent organisms. Since the
discovery in 1947 by McElroy of the requiremeut for ATP (adenosime triphosphate) in the biolumia-
escent system of the firgfly Photisus spiralis, the luciferio-lucifersse complex of the fivefly
bas been used in mauy seaducive saalyses based oa lusiwesceuce (8,10).

The reaction caa be summsrized as follows:

ATP ¢ luciferin ¢ D,‘ -lﬁl'l;—:—"—e-* AP ¢ pyvephesghate ¢ 002 e exyluciferia ¢ light

Ng
If the concentratioms of luciferis, luciferase, .'20 asd O3 ars kept coastant, the system vill
emit light of an iuteasity preportiousl te sdded lov levels of ATP. A more or less stable light
output (falling by a few 2 each aisuts) is spparent sbout 1 sec after mixiag. For the assay of
ATP, the amouut of light (pooteas) produced ever a tined period of time (generally 10 sec, begin-
ping 2 sec after mixing) is wsasured (Figure 1).

Application of ATP bieluminescence msssureseurs esimiag at the specific estimation of bacteria pre-
sents & serious probles with regard to selectivity, ia that maay types of samples contain AT? de-

rived fros biological tissues other thaa bacterial celle (7). Therefore, before the assay, the
sample should be subjected to s selertive treatmeat ¢o remove soa-bacterisl ATP.
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A simple filtratioa might be effective, but sometimes complex treatments iscluding cation exchange
resin or ceatrifugatioa are peeded, which impedes a wore general use of this method (1,5,6,9).
However, & very simple technique was developed by Lumac®, with two different detergent reagents.
The Lumac®/3¥ system has bean tested on milk (2,11) sed meat (3).

2. Materials and msethods

39 samples of raw minced meat - beef as well as beef/pork mixtures - ware bought in local shops,
and 20 samples of differeat vaw maat materials for the production of cooked cured meat products
were obtained from a meat plant.

The rav meat samples were homogenized with dilution fluid in s Stomscher® for 1 aioute. This
homogenate was used to estimate the Standard Place Count (Plate Count Agar, 3 days st 30 °C) and
the ATP content.

18 sasples of vacuum packed cooked cured meat products were obtained from mest plants; they were
swabbed with cotton swabs (100 ca?), shakea ia 10 ol dilution fluid with 0.1 % Tween 80 and glass
beads. With this fluid Standard Plate Counts and ATP-estimstioms wers carried out.

The tests werte cursied out with the Lumac®/3M IMC test kit, sccoiding to the schems is Figure 2.
The original Lumsc™ reagents: ns®, SOmase™, nae®, Lumit®-M, Lunit®-buffer, as well as so ATP
standard were used. With the NRS reagent the ATP from the somstic cells is extracted selectively
and immediacely inactivated victh Somase, an ATP-ase. Then the ATP from the bacterisl calls is ex-
tracted with NiB. The thus released ATP reacts with the luciferin-luciferase complex added: the
light emitted is msasured with a photoseter (Biocouuter®) (Figure 3) and expressed as Relative
light Uuits (gLU). .

3. Results .and discuss ioa

The results for minced meats, ravw meat materials and cooked cured meat products respectively are
sumsarized in Figures &, 5 and 6. These results became svailable within one hour after homogeniging.
Good correlations were calculated for the raw meats as well as the swab samples of the cooked cured
meat products. The regressioa lines for the differear products were aot identical, possibly owing
to the limited number of samples, the different microflors or varyiag degrees of quenching or light
loss in the different samples.

Nevertheless, the Lumac /34 method appears to be rapid, reliable aod sensitive aad is slso promising
for on-line monitoring of bacteriological qualities.

4. References

1. Baumgart, J., K. Fricke und C. Huy. Schaellaachweis uss wuecllacnenkemgehalees vou Frisch-
fleisch
durch Bestimmuug vou Adenosintriphosphat mit eiunem Biolumineszengz-Verfahren
Fleischuirtschafc 60 (1980) 266

2. Bossuyt, R. A S-miuute ATP-platform test for judging the bacteriological quality of raw milk
Neth. Milk bairy J. 36 (1982) 355

3. Carlier, V. et al. Etude de l'application de la bioluminescence su déuombremeat de la flore
bactérieune superficielle des carcasses ) l'aide du Biocouater M 2010
Revue technique des véteriuaires nygienistes dJe 1'alimestation 21 (1982) (184) 13

4. Catsaras, M. et A. Lacheretz. Flore aérobie mésophile et mesure de 1'ATP dans la viaode hachée
Proc. 8th Iac. Symp. ¥.A.V.F.H., Dublin, 1981

5. Patel, P.D. and J.M. Wood. Separation of micro-organisms from rav meats and their rapid esti-
matioa by measurement of microbial ATP
Leatherhead Food R.A. des. Rep. uo. 420 (1983)

6. Pikelis, S., K. Littel end A. Spurgash. Rapid bioluminescence screeniug method for estimatiug
total bacteria in fresh beef
Abstr. 4th Iat. Symp. Hapid Methods and Astomation in Microbiology asd Immugclogy, Berlia
(1984) )

7. Sharpe, A.M. et al. Adenosinetriphosphate (ATP) levels in foods cootaminated by bacteria
J. Appl. Bacteriol. 33 (1970) 758

8. Stanley, Ph.E. Iustruseatation for luninescence methods of aaalysis
Treuds Ausl. Cnem. 2 (1983) 248

9. Stannard, C.J. aud J.M. dood. The rapid estimatios of microbial coantamination of raw meat by
measuremeats of ALP
J. Appl. Bacteriol. 55 (1983) 429

10. Thore, A. Techaical aspucts of biolumianesceat firefly luciferase assay of ATP
Sci. Tools 26 (1979) 30

Il. dses, G. et al. A rapid mecthod for the detection of aon-sterile UNT-milk by the determination
of bacterial ATP
Milchwisseaschaft 39 (1984) 707

ys



Figure 2 - Schematic of rapid
bacteria counting technique
using firefly luciferase
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PIGURE & - RELATION BETWEEN THE STANDARD PLATE COUNTS OF MINCED MEATS
AND MICROBIAL ATP-CONTENTS, EXPRESSED AS RELATIVE LIGHT UNITS
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FICURE 5 - RELATION BETWEEN STANDARD PLATE COUNTS QF SAMPLES OF RAW .
MEAT MATERIALS AND MICROBIAL ATP-CONTENTS, EXPRESSED AS
RELATIVE LIGHT UNITS (RLU) (log)
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FIGURE 6 - RELATION BETWEEN STANDARD PLATL COUNTS OF SAMPLLS OF THLE
SURFACE OF COOKLD CLRED MEAT PROUUCTS AND MICROBIAL ATP
CONTENTS EXPRESSED AS RELATIVE LIGHT UNITS (RLU) (log)
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