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ABSTRACT: Brazilian Ultra High Temperature (UHT) milk consumption has increased during the
last decade from 187 to 4,200 million liters. In the continuous UHT process, milk is submitted for 2-
4 s to 130-150°C, in a continuous flow system with immediate refrigeration and aseptical packing in
hermetic packages. This research had the purpose to verify the incidence of B. cereus species from
the B. cereus group, in UHT milk. In 1998 high indexes of these organisms were reported, reaching
34.14% of the analyzed samples. Beyond this fact, there was the need to establish methods and
processes adjusted for correct identification of B. cereus. Thus, commercial sterility tests of 6,500
UHT milk packages were investigated in two assays, after ten days incubation at 37°C and 7°C to
germinate all possible spores and/or to recuperate injured vegetative cells followed by pH
measurement. Samples (1,300 packages each) from five Brazilian UHT plants of whole UHT milk
processed by direct steam injection, packaged in carton were investigated for the presence of
Bacillus cereus through phenotypic and genetic (PCR) tests. Values of pH were different for the
samples, ranging between 6.57 and 6.73. After storage of the samples, only four packages with pH
measurement below the lower limit of 6.5 were found and analyzed for the presence of B. cereus.
This organism was not detected in any of the samples indicating that the five Brazilian UHT milk
processors control pathogenic microorganisms and it can be said that the consumption of UHT milk
does not present safety problems to consumers. Fourier Transform Infrared Spectroscopy
(FTIR) and PCR tests were efficient and must be adopted to confirm the biochemical series for B.
cereus.
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Bacillus cereus EM LEITE UHT BRASILEIRO

RESUMO: O consumo de leite ultra-alta temperatura (UHT) brasileiro aumentou, durante a tltima
década, de 187 milhdes de litros para 4,200 milhdes de litros. No processo continuo de leite
UHT o leite ¢ submetido por 2-4 seg a 130-150°C, em sistemas de escoamento continuo com
refrigeracdo imediata e envase asséptico em embalagens herméticas. Esta pesquisa teve a finalidade
de verificar a incidéncia da espécie B. cereus, em leite UHT. Em 1998, foi reportado alto indice
destes organismos neste produto atingindo 34,14% das amostras analisadas. Além deste
fato, existia a necessidade de se estabelece métodos e processos adequados para correta
identifica¢do de B. cereus. Assim, a esterilidade comercial de 6.500 embalagens de leite UHT foi
estudada, em dois ensaios, apds incubagdo das amostras a 37°C e 7°C por dez dias para germinar
todos os possiveis esporos e/ou recuperar células vegetativas injuriadas. Apds a incubagao, foi
realizada a medida de pH. Neste sentido, hum mil e trezentas amostras de cada uma de cinco
plantas Brasileiras de processo UHT, que operam com inje¢do direta de vapor produzindo leite
integral em embalagens cartonadas, foram investigadas em relacdo a presenga de Bacillus cereus,
através de ensaios fenotipicos e genéticos (PCR). Os valores de pH foram diferentes para as
amostras analisadas oscilando entre 6,57 e 6,73. Apos a estocagem das amostras, somente quatro
embalagens suspeitas, com medida de pH abaixo de 6,5 foram analisadas na procura por B. cereus.
Nio foi detectado B. cereus em nenhuma amostra indicando que o leite integral UHT Brasileiro,
das cinco plantas processadoras, ndo apresenta o microrganismo patogénico. Somente
microrganismos deteriorantes foram isolados indicando que dentro do espago amostral, o leite
UHT analisado ndo representa riscos e problemas de saide aos consumidores. A Espectroscopia
Infravermelha por Transformada de Fourier (FTIR) e a Reagdo em cadeia da polimerase (PCR)
foram consideradas eficientes e devem ser adotadas para confirmar a série bioquimica de B.
cereus.

Palavras-chave: FTIR, PCR, esterilidade comercial, analises estatisticas
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INTRODUCTION

The level of failure expected by the limitation
on conducting a reasonable amount of microbiologi-
cal tests is one contaminated unit in 1,000 processed
units (Franklin, 1970). A simple method to determine
the proportion of defective units in a lot of Ultra High
Temperature (UHT) milk is to measure the pH, gas for-
mation and sensorial evaluation after incubation since
non sterility is an undesirable attribute; but for those
microorganisms which do not change the pH a micro-
biological test is recommended to detect non sterile
packages. It is preferable to check a large number of
samples with simple methods rather than to check a
limited number of samples by sophisticated methods
(Von Bockelmann, 1982).

One criterion for evaluating UHT milk stabil-
ity, during its shelf life, considers that fluctuations in
pH should be lower than 0.2 units (Von Bockelmann,
1989). Assuming UHT milk average pH as 6.70, with
a range between 6.60 and 6.80 (Von Bockelmann,
1982), a minimum limit of 6.50 may be established as
a simple criterion to identify non sterile samples with
safe margin.

In 1998, 34.17% of Brazilian analyzed UHT
milk samples were reported positive for members of
the cereus group (De Rezende, 1998). It became rel-
evant to establish the real incidence of B. cereus, be-
cause in the ANVISA (2001) standard, the absence of
pathogenic bacteria must be verified after the commer-
cial sterility test (ANVISA, 2001). Since phenotypic
series are not discriminative, the identification of B.
cereus by methods as Polymerize Chain Reaction and
Fourier Transform Infrared Spectroscopy has been
recommended for dairy processing lines (Svensson et
al., 1998; Beattie et al., 1998).

Since the Brazilian UHT milk consumption has
increased during the last decade from 187 million li-
ters to 4,200 million liters (ABLYV, 2003), the main ob-
jective of this study was to investigate the presence
of the Bacillus cereus through a microbiological sur-
vey on 6,500 cartons packed whole processed UHT
milk samples.

MATERIAL AND METHODS

Commercial sterility test for B. cereus

An initial survey was conducted to establish
the commercial sterility of 500 hermetic packages of
whole UHT milk (one-two months of shelf life) from
five Brazilian UHT milk industries. Sampling comprised
100 packages of each brand (A, B, C, D and E). Fifty
of them were incubated 10 days at 37°C and the oth-
ers ten days at 7°C in order to isolate vegetative cells

of mesophilic and psychrotrophic B. cereus strains. Af-
ter the incubation period, packages were checked vi-
sually for defects and aseptically opened under lami-
nar flow. After this procedure, gas formation, milk
coagulation, phase separation and organoleptic char-
acteristics as determined by the analyst, as well as pH
measurement, using a pH meter model mPA-210 (MS
Tecnopon) were analysed. For each sample with pH
less than 6.50 and/or positive to gas formation, smell,
color, coagulation and phase separation, 50ml were
added to 450ml Butterfield’s phosphate-buffered (pH
7.20) and blended for 2 min at 18,000-20,000 rpm,
following the FDA (1998) procedure for B. cereus enu-
meration.

According to the FDA method, typical B.
cereus colonies on Mannitol Egg Yolk Agar (MYP-
Difco) supplemented with Polimixin B sulfate 0.1%
(Sigma), are surrounded by a precipitated zone which
indicates lecithinase activity and a pink color is ob-
served because mannitol is not fermented. Further-
more, 3 mm loopful of milk were transferred to DTA
(Dextrose Tryptone Agar - Difco) and BHI (Brain Heart
Infusion - Difco) searching for flat sour sporoformers
and B. sporothermodurans, respectively, in order to re-
cuperate all possible contaminants with 48h incubation
at 37°C. All typical and atypical colonies on MYP were
isolated, codified, transferred to NA (Nutrient Agar -
Difco) slants and incubated at 30°C or 7°C for 24h
for biochemical tests of B. cereus. For DTA and BHI
isolates, incubation was made at 37°C for 48h. The
second survey evaluated the commercial sterility of
1,200 milk samples of each brand (A, B, C, D and E).
Six hundred packages, from each brand, were incu-
bated at 37°C and 7°C in order to detect one non sterile
unit, in 93% of the cases, with 95% of confidence
(Ahvenainen, 1988).

Confirmatory test for B. cereus

All isolates from NA, after incubation for 24h,
were examined by Gram and spore stain for morpho-
logic characterization and catalase/benzidine test. Other
confirmatory tests with the same cultures, after sus-
pension in phosphate-buffered dilution water (pH 7.20),
were carried out: anaerobic growth in phenol red glu-
cose broth, reduction of nitrate to nitrite; modified VP
(Voges-Proskauer) test for production of acetyl me-
thyl carbinol; decomposition of tyrosine and resistance
to lysozyme (FDA, 1998). The isolates that presented
negative catalase were tested for growth on Man,
Rogosa and Sharpe (MRS- Oxoid) and skim-milk
broth.

Differential test for B. cereus
Motility test, rhizoid growth on NA, test for
hemolytic activity and test for protein toxin crystal pro-
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duction were applied to differentiate typical strains of
B. cereus from other members of the cereus group
(FDA, 1998).

FTIR (Fourier Transform Infrared Spectroscopy)
All colonies obtained were transferred, in du-
plicate, to plates on the same culture media and sent
to external analysts for complete identification by FTIR
(Beattie et al., 1998; Schraft & Griffiths, 1998).

Genetic test for B. cereus

PCR test was applied for genotypic confirma-
tion of B. cereus. Specific primers, from Invitrogen
Brazil, for B. cereus were used (Yamada et al., 1999).
The reaction procedure was based on the recommen-
dations of above mentioned authors, but some modi-
fications were included (Kaji et al., 1994). Thus, the
final reaction (25 pL) consisted of: 3 uL of the iso-
lated cells in NB (Nutrient Broth - DIFCO) incubated
at 32C for 18 h; 4 uL of primer; 2.5 uL of reaction
buffer PCR 10X - Tris-HCI, 200 mM; MgCl,, 2 nM;
KCl, 500 mM; pH 8.4; 2.5 uL of deoxynucleoside
triphosphates; 0.2 uL of Taqg DNA Polymerase and 13
uL of sterile distilled water. A PTC-100 Peltier-Effect
Cycling (M.J. Research, Inc.) was programmed with
the following cycles in order to amplify the DNA: 1
cycle for 3 min at 94°C; 30 cycles, each consisting of
1 min at 94°C, 1.5 min at 58°C and 2.5 min at 72°C,
with a final extension step for 7 min at 72°C (Yamada
et al., 1999). Two typical strains of B. cereus ATCC
11778 and ATCC 14579 and one strain of B.
thuringiensis ATCC 10972 were tested after the stan-
dardization of the method. After the amplification of the
DNA, the PCR fragments were analyzed by submarine
gel electrophoresis (Power Pac 3000, Bio-Rad) and vi-
sualized under UV illumination (Electronic UV
Transluminator, Ultra-Lum). Suitable molecular size
markers (100bp) were included to guide the size of the
amplification band.

Statistical analyses

pH data was organized by brand. Descriptive
analyses for average pH, standard deviation, confidence
interval of average, minimum and maximum pH, am-
plitude of the pH distribution, and confidence interval
of whole data was applied. ANOVA was used to deter-
mine the significance of brand type and temperature
(7°C and 37°C) on pH using STATISTICA (v. 5.0). Fre-
quency of pH and accumulated frequency distribution
for each brand were also calculated for 7°C and 37°C.

RESULTS AND DISCUSSION

Commercial sterility test in Brazilian milk
All samples of the initial survey showed no vi-

sual physical alteration (gas formation), no pH mea-
surement below 6.5 neither sensorial alteration (orga-
noleptic characterization and phase separation); there-
fore, no non-sterile package was found to reproduce
the rate reported by De Rezende (1998). In addition,
the occurrence of B. cereus or any other microorgan-
isms were not verified in 500 samples. The sampling
criterion was modified to increase the number of
samples in order to detect low defective rates. Accord-
ing to Von Bockelmann (1989), it would be necessary
to incubate 3,000 samples for each incubation tem-
perature and brand, in order to discriminate 1:1,000
defective packages (Franklin, 1970) with a probabil-
ity confidence of 95% assured for aseptic lines
(Ahvenainen, 1988). Thus, assuming a proportion of
defective units in the production of 0.005, 600 samples
were incubated, for each temperature and brand, with
the probability of 93% that at least one non defective
unit will be found in the samples with 95% safety con-
ditions (Ahvenainen, 1988). The expected number of
defective units in the sample was three. For the sec-
ond commercial sterility test, the reason of defects was
calculated as the number of defective experimental
samples per total number of analyzed samples in each
brand, considering 600 samples as the complete batch
taken from the local supermarket.

Brands A, C and D had one package with pH
below the limit of 6.50 with positive result for viable
bacterial cells Table 1. Gas formation (one sample) and
change in color (one sample) were verified for brand
D, and gas formation and change in smell for samples
from brand A and C.

The pH of UHT milk samples incubated at 37°C
and at 7°C, respectively, are presented in Table 2 and
3, and the distributions are shown in Figures 2 to 6.
An extensive statistical evaluation of the pH measure-
ment is included since no data are available in Brazil
of such measurement, and it is an excellent indicative
tool to begin microbiological examination of fermen-
tative B. cereus. Of course other spoilage by food
safety relevant microorganisms cannot necessarily be
detected by pH measurements.

The lowest pH measurement, after ten days of
incubation at 37°C, occurred in samples of brands: A
(6.13), C (6.04) and D (5.62) and the highest in brand
B (6.79). The largest pH variability (standard devia-
tion) was observed for samples from brand A followed,
in decreasing order, by samples from brands B, D, E
and C. The large amplitude of the pH distribution was
observed in brand D (1.11 pH units). The largest pH
average occurred in brand B (6.68) and the lowest in
brand C (6.57). Brand E presented the greatest homo-
geneity in the lot, since its pH amplitude distribution
was the lowest (0.19).
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Table 1 - Results from the second commercial sterility test after incubation at 37°C.
BRANDS
A B C D E
Number of incubated whole milk samples 600 600 600 600 600
Samples without physical alteration* 599 600 599 599 600
Samples without pH alteration 599 600 599 599 600
Samples without sensorial alteration** 599 600 599 599 600
Reason of defect 0.00167 0 0.00167 0.00167 0
*Gas formation; **organoleptic characterization and phase separation.
Table 2 - pH values for UHT milk samples incubated at 37°C.
A B C D E
Average 6.646 6.687 6.570 6.656 6.607
Standard Deviation 0.067 0.060 0.029 0.052 0.050
CI* of average 6.64-6.65 6.68-6.69 6.56-6.57 6.65-6.66 6.60-6.61
Minimum pH value 6.13 6.54 6.04 5.62 6.54
Maximum pH value 6.77 6.79 6.62 6.73 6.73
Amplitude of the pH distribution 0.64 0.25 0.58 1.11 0.19
CI* 0.005 0.005 0.002 0.004 0.004
*Confidence Interval.
Table 3 - pH values for UHT milk samples incubated at 7°C.
A B C D E
Average 6.730 6.667 6.625 6.728 6.655
Standard Deviation 0.048 0.047 0.025 0.022 0.055
CI* of average 6.72-6.73 6.66-6.67 6.62-6.62 6.72-6.72 6.65-6.65
Minimum pH value 6.62 6.57 6.54 6.65 5.98
Maximum pH value 6.87 6.76 6.68 6.80 6.83
Amplitude of the distribution 0.25 0.19 0.14 0.15 0.85
CI* 0.004 0.004 0.002 0.002 0.004

*Confidence Interval.

The results from the second commercial ste-
rility test after incubation at 7°C presented only one
defective package from brand E, in 600 samples, with
physical and sensorial alteration and pH measured be-
low the limit of 6.50. In this case the reason of de-
fects was 0.00167.

The highest pH measurement was 6.87 for
brand A. The largest variability occurred in brand E
followed in decreasing order by brands, A, B, C and
D. At 7°C, the highest average pH was 6.73 for brand
A and the lowest, 6.63, for brand C. Brand C and D
presented greater homogeneity in the lot, since the re-
spective pH amplitude distribution was 0.14 and 0.15
and the standard deviation 0.022 and 0.025, respec-
tively.

Effects of incubation temperature (37°C and 7°C)
in the pH distribution

Comparing both incubation temperatures it
was observed that, except for brand B, the average
pH was higher after incubation at 7°C, indicating a
possibility of larger mesophilic bacterial activity at
37°C than psychrotrophic activity at 7°C. But this
fact alone is not the only reason for low pH values,
once at 37°C protein denaturation could occur along
ten days of incubation. This fact could lead to an oxi-
dation reaction that would lower the pH of the
product slightly at that temperature (Fox, 1992).
Brand type and incubation temperature were
different (P < 0.001) and there was an interaction
between both variables in relation to pH. Figure 1
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presents the comparison between pH measurements
at 7°C and 37°C.

For brand A, the difference between the mea-
surement at 7°C and 37°C was 0.083 and for brand
D, C, E and B 0.071, 0.054, 0.047 and 0.020, respec-
tively.

Brand A presented 0.167% of the samples
with pH below 6.50. Only this brand presented 48 mea-
surements between 6.50 and 6.55 (Figure 2).

Most of the pH values for samples from brand
B (69.67%) after incubation at 37°C were concen-
trated between 6.71 the 6.75. No measurements be-
low 6.50 had occurred for both temperatures. Thus,
brand B showed a very good stability since all pack-
ages had pH above 6.5 (Figure 3).

Milk pH measurements (97%) from samples
of the brand C, after incubation at 37°C, were be-
tween 6.56 and 6.60, showing a large number of
samples close to the mean value. At this temperature
one measurement occurred below the limit (6.04). This
brand showed the most homogeneous milk samples
(Figure 4).

Milk pH measurements (75%) from brand D,
after incubation at 7°C, were between 6.71 and 6.75.
At 37°C occurred 0.167% of measurements below
6.50. Approximately 76% of the pH measurements
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Figure 1 - Comparison of pH measurements after incubation at
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Figure 2 - pH frequency distribution for samples from brand A.

from samples of the brand E after incubation at 37°C,
were found between 6.56 and 6.60. For this last brand,
only one package presented a pH measurement of 5.98,
at 7°C, indicating the presence of psychrotrophic ac-
tivity. In all cases, when pH measurements are ana-
lyzed, the physico-chemical changes in UHT treated
milk during storage must be considered (Figures 5 and
6).

Akhtar et al. (2003) studied the changes in pH,
acidity and viscosity of UHT milk after 0, 30, 60 and
90 days of storage at room temperature. They indi-
cated an increase in acidity and viscosity with a de-
crease in pH. After 60 days, the decrease in pH value
was 0.12, with a 6.62 measurement. This value is still
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greater than the limit 6.5 adopted in this research,
even though, the incubation temperature was higher
(37°C). The reason to choose this lower limit was to
increase the challenge and the safety margin. The de-
crease in pH of milk samples, during storage, may be
due to a number of reasons. It is well known that pH
involves the negative logarithm of hydrogen ion con-
centration, which means if the acidity increases pH will
decrease. Storage time and temperature have great ef-
fect on pH values of the stored samples as reported
by Kocak & Zadow (1985).

Reddy at al. (1991) studied the effect of stor-
age temperature on UHT whole milk stored at room
temperature (20-22°C), 37°C and at 4-6°C for six
months. During storage pH, heat and alcohol stability,
and reflectance of all samples decreased. The great-
est decrease rate was observed in samples stored at
37°C followed by those stored at room temperature.
Rise in temperature favored the growth of bacteria re-
sulting in the production of lactic acid and eventually
lowering the pH. Milk pH is more dependent on tem-
perature than on inorganic buffer solutions, therefore,
the pH of refrigerated milk will not be the same as that
of the same milk at room temperature. This effect is
probably due to changes in the solubility of calcium
phosphate as reported by Sherbon (1988). The Inter-
national Dairy Federation (1981) stated the reason for
this drop in pH as a result of the interaction between
lactose and milk protein.

Characterization of non-sterile milk samples
Under random sampling, pH was a normally
distributed variable. Deviations from the normal dis-
tribution may occur probably due to lot, conditions of
the raw material and thermal process binomium, which
had not been randomized correctly in the distribution
of packages as a function of temperature. Even with-
out typical characterization on MYP, Table 4 presents
pH and temperature of each non sterile sample, the

color and phase separation of milk, growth in BHI and
DTA and the seven isolates that were submitted as con-
firmatory samples and differential tests for the cereus
group (Table 5) as well as identification by FTIR (Table
6) and PCR (Figures 7 and 8) for all Bacillus strains.

All brands presented one non sterile package
in the 600 samples that have been analyzed (0.167%
of contamination). These packages presented gas for-
mation (flipper) and UHT typical smell.

0 - molecular size marker

1 - B. cereus ATCC 11778

2 - B. cereus ATCC 11778

3 - B. cereus ATCC 14579

4 - B. cereus ATCC14579

5 - B. thuringiensis ATCC 10972

Figure 7 - Validation of B. cereus primer.

0— molecular size marker

1 - B. cereus ATCC 11778
2 -D0412C

3 -D0428

4 —D335A

5-D335D

6 — D0076

Figure 8 - Identification of typical cultures by PCR against B.
cereus
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Table 4 - Characterization of non-sterile samples of UHT whole milk.

BRAND A

pH 6.13
Incubation Temperature 37°C
Color White
Phase separation -
Growth on BHI +

DO0412A
Isolated Code in BHI D0412B

D0412C

Growth on DTA =
Isolated Code in DTA -

BRAND C BRAND D BRAND E
6.04 5.62 5.98
37°C 37°C 7°C
White yellow white

- + -
+ + -
DO0335A
Doo76 D0335D )
- - +
- - D0428

Table 5 - Confirmatory and differential tests for isolates from non sterile UHT whole milk samples compared with B. cereus

ATCC11778.
B.cereus

Tests ATCC 11778 D0412A D0412B D0412C D0076 DO0335A DO0335D DO0428
Gram Rods +  Curved rods + Rods + Rods + Rods + Rods + Rods + Rods +
ipgoarres in Na or Sporulating Central No spores No spores Sub terminal Terminal Central Central Central
Catalase -
Benzidine -
Anaerobic growth in phenol " . ) N ) : n .
red glucose broth
Reduction of nitrate to nitrite + + - - - + + +
Voges-Proskauer (production

g T + = + - + + +
of acetyl methyl carbinol)
Decomposition of the tyrosine + - - - - - - -
Resistance to lysozyme i - = = = = 4+ -
Motility test + - - - - - - -
Rhizoid growth on NA - - - = = = - :
Test for hemolytic activity + - - - - - - -
Protein toxin crystal production - - - = = = - -

B.cereus Coryneform Lactobacillus  Bacillus Bacillus  Bacillus Bacillus Bacillus

CONCLUSION sp. sp. sp. sp. sp. sp.

Identification of the isolates from non-sterile milk
samples

Isolate D0412B, a non sporeforming aerobic
Gram positive rod presented good growth in MRS
with white pin head colonies and in Skim-milk Broth
and the catalase and benzidine tests, as negative, con-
firmed Lactobacillus sp Table 5. The proliferation of
these organisms was probably limited by the compe-
tition with the other two contaminants D0412A and
D0412C, identified as Coryneform bacteria and Bacillus
oleronius, not reducing intensively the final pH and not
promoting sensoric changes.

Our results differ from those obtained by De
Rezende (1998). This author found 34.17% of samples,
from four different brands, contaminated by Bacillus
from the cereus group, which are not necessarily B.
cereus, while no isolate of the respective group was
verified in our study. Packages were opened for analy-
sis, closed with adhesive ribbon and incubated again
under refrigeration for 48h in order to be analyzed
again in the De Rezende study. This procedure could
promote the enrichment of the contamination and the
counts had obviously exceeded the original value. On
the other hand, De Rezende (1998) did not describe
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Table 6 - FTIR identification for isolates from non sterile UHT
whole milk samples.

ISOLATE CODE IDENTIFICATION

D0412A Coryneform bacteria
D0412B Lactobacillus sp.

D0412C Bacillus oleronius

D0076 Bacillus sporothermodurans
D0335A Bacillus subtilis

D0335D Bacillus licheniformis
D0428 Bacillus licheniformis

both, the psychrotrophic biochemical characterization
of the positive isolates or the confirmatory tests for
the cereus group (decomposition of the tyrosine and
resistance of lysozyme). Results of the motility test,
rhizoid growth and hemolytic activity test were not
presented as well. Therefore, no clear differentiation
could be determined. De Rezende (1998) examined the
results in the same sample before and after the refrig-
eration and the final reason of defects of 34.17% rep-
resented the accumulative results of both tests.

The non-sterile sample from brand D presented
the lowest pH as compared with the other non sterile
samples. This sample presented fermentation and pro-
teolysis of the milk denoting the hydrolysis of the
casein that causes sudden pH decline as a result of sec-
ondary acid metabolisms. Gordon et al. (1973) men-
tioned that Bacillus licheniformis causes decomposi-
tion of casein and four strains tested presented resis-
tance of lysozyme. In addition, Sneath (1986) aftirmed
that fifty percent of Bacillus licheniformis strains might
ferment lactose causing and justifying this kind of spoil-
age. The non sterile sample from brand C presented
an intermediated pH value (6.04) because B.
sporothermodurans did not produce acid from sugars
(Hammer, 2000).

Some of the seven isolates from UHT milk,
shown in Table 6, are reported as contaminants of dairy
plants, environment and distribution centers by
Gilmour & Rowe (1985) who provided a reference
dossier containing organisms associated with milk and
milk products, including the Coryneform group of bac-
teria, Lactobacillaceae and Bacillaceae as members
found by this approach. The presence of Lactobacil-
lus sp. and Coryneform bacteria could be explained as
isolated cases of cross or re-contamination with milk
products, like yogurt and/or cheese, in the same pro-
cessing plant and/or in the cleaning procedures after
thermal processes or may be also due to improper
storage conditions in the distribution centers because
the samples presented mixed flora and both microor-
ganisms did not present thermal resistance in the UHT

region. After the commercial sterility test in 169 UHT
milk samples, Mostert et al. (1979) isolated 110 cul-
tures identified as being from the Bacillus group.
Thirty-eight of these strains were subjected to UHT
treatments (135°C/10sec) and the following strains
survived (number of strains in brackets): B. subtilis
(4), B. licheniformis (2), and B. pumilus (1). Of
course, this treatment represents a lower processing
condition than the one applied on the common Brazil-
ian dairy plants. Finally, in Brazil, Zacarchenco et al.
(2000) found 45% of non sterile packages and identi-
fied 24 B.sporothermodurans strains in 300 isolates.
From this study the 24 isolates came from 5 different
dairy plants, with various processing conditions, as in-
dicated by the authors: plant IV and VIII (137-140°C/
3sec indirect tubular heating), plants V (150/3sec steam
injection), plant VI A (138-139/4sec indirect plate heat
exchanger), plant VI B (150/3sec steam injection) and
plant VII (thermal process, data not available).

In 2001, the identification of 100 selected iso-
lates from six feed concentrate samples for dairy cattle
was obtained by a combination of fatty acid methyl
ester analysis, amplified ribosomal DNA restriction
analysis and 16S rDNA sequencing. The concentrates
were originated from five different farms. This re-
search aims to explain the nature and the origin of aero-
bic spores in milk. Ninety-seven isolates could be iden-
tified to the species level or assigned to a phylogenetic
species group. Most isolates obtained after a heat treat-
ment of 10 min at 80°C were identified as members
of the B. subtilis group (32 isolates), B. pumilus (25
isolates), B. clausii (eight isolates) and B.
licheniformis (eight isolates). The isolates with very
heat-resistant spores, obtained after a heat treatment
of 30 min at 100°C, were identified as members of the
B. subtilis group (five isolates), B. sporothermodurans
(three isolates), B. amyloliquefaciens (one isolate), B.
oleronius (one isolate) and B. pallidus (one isolate).
Bacillus cereus was present in each feed concentrate
sample and was isolated using a selective mannitol egg
yolk polymyxin agar medium (Vaerewijck at al., 2001).
The survival and germination of spores after a heat
treatment of 30min at 100°C is of particular impor-
tance because these spores may be considered as very
heat-resistant as compared with the spores obtained
after a conventional heat shock of 10min at 80C. The
11 isolates produced very heat-resistant spores. The
heat resistance of B. subtilis spores was shown by
Condon et al. (1992), who found D, . values between
0-7 and 3-5 min when spores were suspended in
buffer. Bacillus oleronius is a species isolated for the
first time from the hindgut of the termite Reticulitermes
santonensis (Kuhnigk et al., 1995). This observation
indicates the possibility that feed concentrates may
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harbour species which might be derived from tropical
ingredients and which are transferred to raw milk
through feeding and faecal contamination of the ud-
der. Bacillus oleronius is the closest phylogenetic neigh-
bor of B. sporothermodurans (De Silva et al., 1998).
The latter species is the only one presently known to
produce highly heat-resistant spores, surviving UHT
and industrial sterilization processes. So far, it has only
been occasionally isolated from UHT and sterilized milk
and milk products which do not attend to the sterility
criteria for these products (Pettersson et al., 1996).

Chopra et al. (1980) and Ahmed et al. (1983)
had reported Bacillus cereus incidence in pasteurized
milk and milk products. Both authors justify the low
incidence of the microorganism (<1/mL de yoghurt
and 3.0E+01 CFU mL™" of milk) due to the severity
of the applied thermal treatment. Such explanation is
compatible with the results obtained in this research,
since the applied thermal treatment on the milk samples
was around 140°C/2-4 sec. In this context, Gillis et
al. (1985) evaluated the effect of the raw milk quality
on the UHT milk, processed at 149°C for 3 sec. They
concluded that there were no survivors even with in-
oculation levels of 1+E06 UFC mL" of mesophilic and
psychrotrophic bacteria. Rangasamy et al. (1993)
found B. cereus in samples of raw and pasteurized milk,
however in contrast, the UHT milk was considered free
of this microorganism, although there is no report in
the literature recuperating thermal resistant Bacillus,
except for B. sporothermodurans, after UHT milk pro-
cess.

Heat resistance of bacterial spores is geneti-
cally determined but is also influenced by environmental
conditions during sporulation (Mazas et al., 1995). So
soil/feed composition, in which spores are formed,
may be considered as a variable for spore resistance.

In 2002, the PCR method was used as a
screening method for strains with very heat resistant
endospores, isolated at the dairy farm level after
heat treatment for 30 min at 100°C, and under
these conditions 17 strains were identified as B.
sporothermodurans (Scheldeman et al., 2002).

Figure 7 shows the primer standardization and
the reaction (in duplicate) of two typical strains of B.
cereus (ATCC 11778 and ATCC 14579) and one typi-
cal strain of B. thuringiensis (ATCC 10972). A frag-
ment of approximately 350bp was amplified by PCR
in both B. cereus strains as expected and no fragment
was detected in the B. thuringiensis strain showing the
specificity of the used primer. Another PCR reaction
with the five strains isolated in this work was also car-
ried out and no fragment was obtained, confirming the
earlier analysis that these isolates are not B. cereus.

None of the five Bacilli isolates had the elec-
trophoretic profile of Bacillus cereus.

CONCLUSIONS

Brazilian UHT milk does not present B. cereus
contamination. The presence of the aerobic contami-
nants found in this research is possible in commer-
cial dairy plants, but their occurrence is low as
compared to the amount of UHT milk produced
today, and its thermal resistance in the literature
is low considering the thermal process applied for
milk. Its incidence could be attributed to poor han-
dling conditions, storage procedures and cross con-
tamination. Only B. sporothermodurans presents ki-
netic parameters that may lead to its survival in pro-
cessed Brazilian UHT milk, but its presence in a com-
mercial sterile product is tolerable. The phenotypic
series for B. cereus must be complemented by iden-
tification with PCR and/or FITR for best confirma-
tion.
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