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ABSTRACT

Adhesion of organic substances and microorganismsstainless steel surface was evaluated. The log RL
measurement was affected at a lower or higher dedrg type or concentration of the organic substancasein,
lipid, sucrose and their combinations) adhered woface. However, if the samples analyzed were fitoenfood
processing surfaces, they would have been considerbe under satisfactory hygienic conditions viaty RLU <
2.18 (< 150 RLU). The log RLU measurements of Staphylosozarnosusadhered surfaces, combined with or
without the organic substances, were higher (p<pian those of the Bacillusubtilis spores-adhered surface,
regardless of the concentration. The samples tdi@n the surfaces adhered with the casein, lipicrese and
2.9x10 DMC.cm? and 2.9x18DMC.mi* did not have any significant differences@p5) on ATP-bioluminescence
measurements. However, the surfaces adhered v@i#i@.DMC.cm? of B. subtilis spores and organic substances
showed an increase in the log RLU measurement cadpa surfaces containing only the organic subsésn
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INTRODUCTION food industry. Despite the extensive research
conducted on ATP-bioluminescence, several

Rapid methods have been developed to evaluatectors that may affect Relative Light Unit

the hygienic conditions of contact surfaces in theéneasurement should be further investigated such

food processing. ATP-bioluminescence is one o&s the influence of the bacterial spores.

the techniques most widely applied in the foodThe food industries need further their

industry for such purpose. This technique detectgnderstanding of the bioluminescence

the amount of ATP on contact surfaces in the foogheasurement.

processing systems (Costa et al., 2006; Parizzi éhe objective of this study was to evaluate the

al. 2004; Costerton et al., 1987; Griffith et al.,effect of the casein, lipid, sucrosgtaphylococcus

2000). The use of this technique to determin€arnosusandBacillus subtilisspores, combined or

whether a surface is hygienically fit for the foodnot, adhered to stainless steel surfaces on ATP-

processing will increase with the increase of théioluminescence measurement.

implementation the HACCP (Hazard Analysis and

Critical Control Points) system in the Brazilian
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approximately 10 DMC.mi* (Direct Microscopic

MATERIALS AND METHODS Count per ml), by microscopy according to
methodology described by Evancho et al. (2001).
Organic substance suspensions From the concentrated suspension, spores in

The interference of the suspensions containing 3.5ferilized 0.31M phosphate buffer (pH #00.1)

7.0 and 11.0 mg.nll of casein (Sigma) and 7.0, were adhered to the surfaces (5.5/@BIC. cm?

14.0 and 21.0 mg.mlof animal fat (lard, Sadia ) to 5.4x10 DMC.cm?)

and 0.6, 1.2 and 1.8 mg.l of sucrose (Vetec)

was evaluated. These previously determine®acillussubtilis spore suspensions

amounts corresponded approximately to thé&rom a pure culture d. subtilisisolated from the
amounts of protein, fat and sucrose residues fourrdw milk and kept on PCA (Merck) at —8C,

on the stainless steel surfaces after the hygiengpores suspensions were prepared according to
procedures following the simulation of processingAkutsu (2001) and kept in 1 ml Eppendorf tubes
of a meat product (Italian salami). A sample wastored at —80°C. The spores concentration
prepared by using 500 g of pork and 500 g of lar¢gDMC.mI") in the final suspension was
ground in a meat grinder (Roabster) using a 5 mrdetermined by the phase contrast microscopy,
diameter disc. Three stainless steel coupons (Al$iccording to Evancho et al. (2001). From the
304, #4, 100mmx100mmx10mm), sterilized atoncentrated suspension, the spores in the
121°C/15min were placed in contact with the measterilized 0.31M phosphate buffer (pH 700.1)
sample for 10 minutes. The coupons weravere adhered to the surfaces (2.9xDMC.cm?
submitted to a pre-rinse with the water (20°23  to 2.9x16 DMC.cni?)

and cleaned with the based-surfactant detergefhe adherence of the suspensions to the stainless
(manually applied with polyurethane brush). Thesteel surface, the interference of the suspensions of

protein, lipid and carbohydrate residuethe organic substances and microorganisms,

concentrations remaining on the surface wereombined or not, adhered to the stainless steel

determined (AOAC, 1998) surface in the measurement was evaluated (Table
1).

Staphyl ococcus carnosus suspensions The microorganisms were inoculated on the

A pure culture ofS. carnosuskept on semi-solid surface at concentrations ranging from 5.4x10
Brain-Heart Infusion (BHI-Biobras) and glycerol DMC.cm? to 5.4x18 DMC.cm? for S. carnosus
(80:20) at -80 °C was activated by three and from 2.9x1d DMC.cm?® to 2.9x16 DMC.
inoculation transfers in BHI broth allowed to growcm? for B. subtilisspores.

for 24h/35 °C. The bacterial number reached

Table 1 -Organic substances or microorganisms, combinewirdhered to stainless steel surface

i) casein; ii) lipid iii) sicrose iv) casein + sucrose V) casein + lipid ,

Organic substances e " . e
9 vi) lipid + sucrose; vii) casein + sucrose + lipid

. . i) Staphylococcus carnosus
Microorganisms - . -
ii) ii) Bacillus subtilisspores

Organic substances

+ i) casein + sucrose + lipid Staphylococcus carnosus;

. . i) casein + sucrose + lipid Bacillus subtilisspores
Microorganisms

The concentration chosen was the one that allowetle stainless steel coupons (100mmx100mmx10
RLU measurement and was also compatible witmm), using a sterilized automatic pipette. Eight
the degree of contamination in the utensils and thdrops were applied vertically and nine,
surfaces in contact with the foo®ne ml of each horizontally, totaling 72 drops. The coupons were
suspension or solution was aseptically andnaintained in a hood (laminar flow) for 30
uniformly distributed in the drops on the surface ofminutes at 35C, followed by the determination of
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the RLU measurement by the ATP-were in duplicate. The comparisons were tested by

bioluminescence. the F test; iii) The differences in the RLU number
for S. carnosusand B. subtilis spores were
RLU measurements evaluated by the student t test. The experiment was

The samples from the stainless steel surface®nducted in three repetitions in duplicate; iv) The
adhered with the organic substances and/datifferences in the RLU number for the suspensions
microorganisms were submitted to the RLUwith the organic substances combined wgh
measurement by using the Clean Trace kitarnosusandB. subtilisspores were evaluated by
(Biotrace). The ATP was sampled by rubbing thehe student t test. The experiment was conducted
swabs twice on the surface of the previouslyn three repetitions in duplicate; v) Data for the
adhered coupons, diagonally at & 2Mgle, over three organic substances combined wigh
the entire area. The swabs were introduced into @arnosusor B. subtilis spores were evaluated by
cuvette containing the luciferin-luciferase the descriptive analysis.

enzymatic complex to which the ATP sampled

surfaces reacted forming light. The kits were

introduced into the Iluminometer and theRESULTS AND DISCUSSION

bioluminescence measurements were determined

after approximately 10 seconds. The results wematerference of organic substances

expressed as lggRLU. According to Biotrace The surfaces adhered with one, two or three
(2000) recommendations, equipments and utensitgganic substances showed different log RLU
surfaces may be considered satisfactory hygienieasurements when combined (Table 2). The
conditons when present bioluminescencesamples with the casein plus lipid showed a
measurements 150 RLU; under alert conditions, significant reduction in the log RLU (p<0.05)
between 151 to 300 RLU and under unsatisfactorgompared to the samples of the casein only.  No

hygienic conditions when > 301 RLU. significant difference (p®.05) was found in the
log RLU measurement between the samples from
Statistical analyses the surfaces adhered with the casein plus sucrose

The data were evaluated by the Statistical Analysiand the samples of the casein as the substance
System (SAS-2004) procedures, as follows: iprganic adhered. Similar result was found for the
Combinations of the organic substances adhered tasein plus lipid compared to the lipid, or lipid
the stainless steel coupons were evaluated by @lus sucrose samples containing only one of these
experiment arranged in a completely randomizedubstances. Also, there was no significant
design, with seven treatments and threelifference in the log RLU (p<0.05) in the sample
repetitions. The RLU measurements were ifrom the surfaces adhered with the three
duplicate. The comparisons were performed by theubstances, compared to the casein plus sucrose.
F test; ii) Combinations of the organic substanceEinally, a significant increase (p<0.05) in the log
adhered to the stainless steel coupons combin€&lLU was observed in the samples of casein plus
with S. carnosusor B. subtilis spores were lipid plus sucrose suspension, compared to the
evaluated in an experiment arranged in a&asein plus lipid and lipid plus sucrose.

completely randomized design in five treatments

and three repetitions. The RLU measurements

Table 2 -Average and standard deviation of the,jajf the RLU number of organic substances adherathinless
steel.

Average ({0)

Casein 2.06 (0.12)
Lipid 1.82 (0.12)
Sucrose 1.77 (0.05)
Casein + lipid 1.90 (0.17)
Casein + sucrose 2.08 (0.05)
Lipid + sucrose 1.95 (0.11)
Casein + lipid + sucrose 2.07 (0.09)
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According to Biotrace (2000), if the samplesB. subtilis spore suspensions, combined with or
analyzed were from the food processing surfacesjithout the organic substances, adhered to
they would have been considered to be undestainless steel. The log RLU number was higher
satisfactory hygienic conditions with for the vegetative cell suspensions than for those
log RLU <2.18 (<150 RLU). containing the bacterial spores (Fig. 1)

Such difference can be explained based on the low
Interference  of type and number of ATP content levels in the spores. The spores were
microorganisms in RLU measurement in a dormant stage with no detectable metabolism
The log RLU number increased with increasedit low concentrations of the intracellular ATP and
microorganism concentration f&. carnosusand the absence of electron transport.

2,90

2,60 4

Log URL

2,30

2,00 -

14 17 2 23 26 29 32 35 38
Log (CDM.cm?)

Figure 1 - Log;o of the RLU number of microorganisms adhered &ingtss steel AISI 304,
#4.A ----Staphylococcus carnosus A——casein + lipid + sucrose Staphylococcus
carnosus;m Bacillus subtilisspores; e casein + lipid + sucrose $taphylococcus
carnosus

These factors lead to a reduced log RLUwas no ATP. However, some  studies
measurement. Kodaka et al. (1996) found &uggested a probable influence of the surface
concentration of 18 mol of the ATP per bacterial organic matter residues on the enzymatic reaction
spores and I mol per vegetative cell. It mean that produced the light signal measured by the
that the ATP concentration in the bacterial sporeluminometer (Krisinsky et al, 1992). According to
was ten thousand times lower. This fact alsahe Velasquez et al. (1997) the quenching and
explain the difference (p<0.1) in the average lognhancement occurred by the ATP extractants,
RLU number between the suspensions containingeaners and sanitizers affecting the detection of
the casein plus lipid plus sucrose when combinethe ATP bioluminescence measurements.

with 2.9x1G DMC.cm? of B. subtilis spores (

2.14) or 5.4x1bof S. carnosug3.53). Thus, the Interference of organic substances combined
log RLU values above 2.48 (300 URL) f&.  with microorganisms

carnosussuspension would indicate unsatisfactoryThe log RLU number increased (p<0.05)
hygienic conditions if the samples were from thesignificantly for all the suspensions containing the
processing surfaces while the surfaces B casein, lipid and sucrose combined witB.
subtilis spore suspensions reaching values belowarnosus adhered to stainless steel surface,
2.14 150 URL) would be in satisfactory hygiene compared with those containing only the organic
conditions. substances (Table 3).

Low log RLU numbers were expected for the

organic substances since in these compounds there
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Table 3 - Average and standard deviation of the ;jogf RLU of organic substances, combined with
microorganisms, adhered to stainless steel AIS|] 864

Adhesion of organic substances and, or, microorganisms Average (0)
C+L+S 2.07 (0.09)
S. carnosug(5.4 x 16) 3.77 (0.07)
S. carnosus(5.4 x 16) 2.60 (0.07)
S. carnosus(5.4 x 18) 2.21 (0.11)
B.sporeq2.9 x 1) 2.35 (0.02)
B. subtilissporeg2.9 x 16 ) 2.07 (0.05)
B. subtilisspores (2.9 x 10 1.92 (0.05)
C+L +S+S. carnosug5.4 x 16) 3.53 (0.04)
C+L+S+S. carnosug5.4 x 16) 2.77 (0.06)
C +L + S +S. carnosug5.4 x 10) 2.29 (0.01)
C +L + S +B. subtilisspores(2.9 x 1) 2.14 (0.05)
C +L +S +B. subtilisspores(2.9 x 16) 2.04 (0.03)
C + L +S +B. subtilis spores (2.9 x 10 1.94 (0.04)

C:casein; L:lipid; S: sucrose.
Numbers of microorganisms expressed in DMC3cm

These results showed the high difference in AT®rganic substances and the suspension containing
concentrations between the two suspensionsnly the microorganism, both adhered to stainless
confirming the small interference of the caseinsteel (Table 3). This result was different for the
lipid and sucrose in the bioluminescencesuspensions at concentration of 5.4MC.cm
measurement. 2 as expected. If these samples were from the food
The log RLU number of the suspensions withprocessing surfaces, they would be considered to
5.4x1G DMC.cm? of S carnosuscombined with be under unsatisfactory hygienic conditions, with
the three organic substances was significantliog URL values above 2.48, according to the
lower (p<0.05) than that of the microorganismmanufacturer’'s recommendations.

suspension, both adhered to stainless steel (Tall® significant difference (p<0.05) was detected in
3). From the results, it could be observed that ththe log URL number when comparing between
vegetative cell was the major ATP source in thé.4x10 DMC.cni” of S. carnosusombined with
suspension and that possible interaction betwedhe three organic substances and the suspension
the bacterium and the organic substances affectedntaining only the microorganism, both adhered
the bioluminescence measurement. Richardson & the stainless steel (Table 3). In this case, it
al. (1980) investigated the distribution of theseseemed that the number of microorganisms
nucleotides in the bovine milk and confirmed theadhered to the surface could be below the number
likelihood of the interaction between the ATP anddetectable by the bioluminescence technique and
casein to occur, preventing it to react with thahe presence of the organic substances was not
luciferin and luciferase complex. This informationsufficient to increase the ATP concentrations in
allowed to infer that the lower the amount ofthe suspension containing only the microorganism.
organic substances in the suspension, the highBood processing surfaces showing the same
the log RLU number would be. Such inferenceconcentration of the microorganisms and the
was confirmed in this experiment for the caseirorganic substances would be considered to be
and lipid suspensions that showed higher log RLWinder alert hygienic conditions with the log RLU
number in the suspensions with lowerbetween 2.48 and 2.18, according to the
concentrations. However, this was not confirmednanufacturer’'s recommendations.

for sucrose and microorganism suspensions, whichhe addition of 2.9x10DMC.cmi? spores organic

did not show any change in the log RLU numbesubstances increased (p<0.05) the log RLU
for different concentrations of this substance. number, compared with those containing casein,
A significant increase (p<0.05) in the log RLU lipid or sucrose (Table 3). The comparison of the
number was detected when comparing 5.4x1Qwo other spore concentrations and the suspension
DMC.cm?of S. carnosugombined with the three with the three organic substances, adhered to the
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stainless steel, showed a decrease in log RLU. Wioluminescéncia. Entretanto, superficies aderidas
all the cases, if the samples were from the foodom 2.9x16 CDM.cmi? de esporos dB. subtilise
processing surfaces, they would have beeas substancias organicas mostraram um aumento
considered under satisfactory hygienic conditionso log URL comparado com as superficies
for the food processing, with the log RLU numbercontendo somente substéncias organicas.

below 2.18. This was a false negative result, which

would allow spore-contaminated surfaces to be

used in the food processing. ACKNOWLEDGEMENTS
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