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Abstract

Janstova, B., J. LukdSova, M. Drackova, L. Vorlova: Influence of Bacillus spp.
Enzymes on Ultra High Temperature-treated Milk Proteins. ActaVet. Brno 2004, 73: 393-400.

A model case of long-life half-fat milk contamination with spores of 15 strains of B.
licheniformis, B. subtilisaB. cereusisolated from farm environment and from raw milk was used
to determine proteolysis by measuring the changesin milk protein contents. The methods of infra-
red spectroscopy, freetyrosine using Lowry’ s method according to Juffs and setting of decreasein
casein fractions using the SDS-PA GE were employed.

Under storage temperature of 4 °C no proteolysis was recorded. However, under storage
temperature of 24 °C the following changesin comparison with initial values were recorded after
3 weeks: adecrease in protein contents from 34.60 gl1-1 to 29.46 - 32.86 g1 and increased free
tyrosine contents from 0.65 mgll~ to 2.13 - 1.59 mg(mhl -1 depending on Bacillus spp. type. It was
detected that milk heating at atemperature of 100 °C for 10 min and at 135 °C for 5 s, respectively,
the spores of resistant strains Bacillus licheniformis may survive and show proteolytic activity.

When monitoring the reduction of casein fractions it was found that the k-casein was the most
quickly broken downto 7.43%. Thevalues of B-casein dropped to 27.53% and a.-casein to 43.95%.
Under storage temperature of 4 °C the reduction of all casein fractions was lower. A reduction to
79.42% for k-casein, 78.30% for B-casein and 85.71% for o.-casein was recorded.

The intensity of changes was dependent on species and strain of Bacillus spp. used, on storage
temperature and heat inactivation of spores. Theinitial spore concentration made itself felt, too.

Proteolysis, Bacillus spores, Bacilluslicheniformis, casein

Aerobic and facultative anaerobic, sporulating gram-positive bacteria Bacillus spp.
represent important contaminants of raw milk, mainly from the hygienic and technological
point of view, some of them even from the point of view of human health.

Spores of Bacillus spp. appear regularly in stable environment and they usually represent
a secondary contamination of milk during milking process. Many representatives of the
Bacillus strain create a part of the psychrotrophic microflora of milk. B. licheniformis and
B. cereus are the most frequently isolated types of the Bacillus from raw milk (Crielly et
a. 1994; Phillips and Griffiths 1986). Pic¢ova et al. (1996) found the most frequent
occurrence of the type B. licheniformis. The occurrence of other typesislower (LukaSova
etal. 2001; Vyletélova et al. 2001).

The post-pasteurization contamination is by spores from raw milk that either passed
pasteurizing or come from the plant environment. Spores of thermostable bacteria may be
introduced into the product even in the course of the technol ogic process. Microorganisms
Bacillus spp. may also appear in UHT milk, as stated e.g. by Bahout (2000), who found
sporesin 18.3% of examined samplesin the quantity of up to 2.6 x 102-ml-L, Vyletélova
(2001) monitored — on the basis of ribo-typing — the occurrence of B. licheniformisin milk
up to thefinal product, the UHT milk, and in consideration of itsfrequency she supposesits
penetration from theinitial stage of production, while the origin of B. cereusin UHT milk
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cannot be clearly explained — it may come from the initial stage of production or the milk
was re-contaminated in the course of processing.

Bacillus spp. isavery difficult part of raw milk microflora, taking into consideration the
problematic removal of its spores, related to their thermoresistance. The spores may also be
partially damaged by pasteurization temperature, but they usually do not survive
sterilization and the UHT process. Animportant characteristics of Bacillusspp. isthe ability
of vegetative cells to produce — after multiplication — thermostable extracellular enzymes
(Meer et al. 1991; I psen et a. 2000), that — due to their proteolytic and lipolytic activity.
These affect the nutritional and sensorial characteristics of products even when viable
bacteria are absent (Boor et al. 1998). According to Brown (2000) Bacillus spp. are the
microorganisms causing significant economic losses.

Proteolysis of casain substancesis one of the main featuresin proteolysis of milk proteins. For
casain affection there 10* - 108 bacteria cdllsin | ml of milk are needed (M arth and Steele
1998). Kapparcasein is subject to the fastest hydrolysis of milk proteins. In the course of 7 days
and under storage temperature of 20 °C it is completely lost, while parak-caseinisformed. The
reduction of [3-casein reaches 70%. Alfa-casain remains stable for the longest time and itslossis
minima (Dalgleish 1990). In comparison with fractions of k-casein, a-lactalbumin and
B-lactoglobulin areresistant (Swai sgood 1993; M adsen and Qui st 1997).

Theeffectsof UHT milk treatment methodswere monitored by K el ly and Fol ey (1997),
who recorded a more efficient inactivation of bacterial proteinase when using an indirect
UHT method. Garcia-Risco et a. (1999) recorded — in the course of storage at
atemperature of 25 °C —more significant proteolysisin UHT skimmed milk in comparison
with full milk. They recommend for thisfact to be taken into consideration when setting the
parameters of the UHT process depending on product type.

The influences of proteolytic enzymes cause many defects of milk and dairy products,
such as sweet curdling, colour and odour defects. A specifically monitored defect is gel-
formation by UHT milk (Datta and Deeth 2001; Dalgleish 1990; McM ahon 1996;
Kavanah et a. 2000). Thedefectsaredetected at the moment of reaching the concentration
of microorganisms of 5.10° - 10’ CFU-ml'1 (Vylet&lova et al. 2000; M arth and Steel e
1998).

Materialsand Methods

Collection strains of the Institute of Milk Hygiene and Technology, Faculty of Veterinary Hygiene and Ecology
Brno, were used for the tests. Fifteen strains of Bacillus spp. were used isolated in the farm environment and from
raw milk. Each test was performed with 5 strainsof B. licheniformis, 5 strainsof B. subtilisand 5 strainsof B. cereus.
Identification of isolated strainswas performed by Lukasova et al. (2001), phenotype characteristics were tested
on the basis of conventional growth tests. The long-life semi-full milk from the market was used as amedium for
contamination with spores of Bacillus spp.

Acrylamide, bisacrylamide, anmonium persulfate, TEM ED, bromophenol blue, glycine, Tris (hydroxymethyl)-
aminomethane, 2-mercapthoethanol, Coomasie brilliant blue R-250 were supplied by the company Bio-Rad
Laboratories (Richmond, CA). All chemical substances used were of p. a. grade.

Inoculation of tested milk was performed using spore suspensions Bacillus spp. without thermo-inactivation,
inoculated into the UHT milk in such aquantity so asto reach the concentration of spores of 102, 101, < 10t in| ml
of milk. Then, the spore suspensions were heated to a temperature of 100 °C with exposure for 10 min and to
atemperature of 135 °C with exposure for 5 seconds and inoculated to milk in identical quantity. Samples of milk
were stored in closed sterile glass sampling bottles at a temperature of 24 °C in thermostat and at temperature of
4°Cinrefrigerator. In order to be able to compare the growth dynamics of microorganisms growth and changesin
values of monitored features, the microbiological examination of milk samples was performed — setting the total
number of sporulating microorganisms. The Plate Count Agar (HiMedia, India) was used. The protein contents
settings were performed at one-week intervals plus free tyrosine contents was set daily in the course of the first
week. The samples were stored for three months.

The protein contents was measured on the basi s of the infra-red spectroscopy method MIR using the MilkoScan
104 device with multi-detection application (A/S N. Foss Electric, Denmark), using the wavelength of 645 nm.
Before examination, the samples were conserved by potassium bichromate (K,Cr,0,) in 0.6 gl of milk. As
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a second method of bacterial proteolysis free tyrosine was measured by the Lowry’s method according to Juffs
(1973) with Folin—Ciocalteu phenol reagent, showing blue colour when mixed with the free tyrosine.The blue
colour was measured using the spectrum photometer Helios 3 (Unicam, England, UK).

The decrease in casein fractions was monitored using the spore suspension B. licheniformis at a concentration
of 101[rhl"1, The samples were stored at the above temperatures for a period of 1-4 months. In order to separate
casein from whey proteins, the samples were precipitated with 10% acetic acid to pH 4.6. The residual fat was
removed from the casein precipitate by three-time repeated washing in the sol ution of methylene dichloride—water
(2:1) and by separation at 4500 g of 15 min. The final casein precipitate was processed using the lyophilizator
Lyovac GT 2 (Amsco/Finn-Aqua, Finland) (L 6pez-Fandifio et a. 1993). The lyophilized casein was dissolved
inTris-HCI (pH 8.8) and sample buffer wasadded (2.4 ml Tris-HCI pH 6.8, 2 ml 10 % SDS (w/v), along with 1 ml
glycerol, 4.4 ml distilled water, 0.1 ml bromophenol blue) at the rate of 1:4. The samples were boiled for 2 min.
The separation of casein fractions was performed using separation gels (15% T, 2.6% C) and concentrating gels
(3% T, 2.6% C) (Laemli 1970) while using the Mini-Protean 111 Cell Electrophoresis apparatus (Bio-Rad
Laboratories, Richmond, CA). Separation buffer (30.3g Tris, 144 g glycine, 10 g SDS completed up to 1 litrewith
distilled water) was used for migration, diluted 1:9 with distilled water. Electrophoresiswas performed at 110V at
room temperature until bromophenol bluereached theend of thegel. Then, the gel swere coloured with Commassie
Brilliant Blue R-250 (450 ml ethanol, 200 ml acetic acid, 450 ml distilled water, 0.5 g Coomasie Blue R-250). The
samples were coloured overnight with consequent colour removal (250 ml ethanol, 100 ml acetic acid, 650 ml
distilled water). Then, the sampleswere dried, scanned and assessed using the computer program |mage Quant 5.0
(Molecular Dynamics, USA). Quantification was performed on the basis of pixel density of individual areas of
casein fraction bands. The decrease of individual casein fractions was always assessed within the scope of one
coloured gel with applied samples, stored at given temperature from all extractionsin the course of the given time
period. The sampleswithout Bacilluslicheniformiswere applied first. The coloration intensity (pixel density) was
considered to be 100%. Values of pixels, measured for the other samples, were always related to the given value
and re-cal culated to percent data.

While assessing the tridls, the average values from results established at 5 strains of each type of Bacillus spp.
were calculated. Statistical significance of differencesat thelevelsof p<0.01and p <0.05for individual indicators
was performed by using the Statistic and Graphic System STAT Plus(Matouskova et al. 1992). Dataassessment
was performed by dispersion analysis and by methods of consequent testing — the Scheffe’ s method of contracts
and Tukey’ stest of significance of differenceswereused. In order to reach correctness of theresults, the Box — Cox
transformation was applied by dispersion analysis to the data so as to meet the condition of basic classification
normality. Before the dispersion analysis it was necessary to verify the homogeneity of dispersion of compared
selections. Bartlett’ s test was used for this purpose.

Resultsand Discussion

The decrease of protein contents due to influence of proteolytic enzymes was recorded
using the MilcoScan device only at a storage temperature of 24 °C and it corresponded with
the growth of the number of microorganisms. More significant proteolysis was found in
samples with higher initial contents of inoculated thermaly inactivated spores in milk.
A smaller range was recorded in samples with sporadic spore presence.

When using the highest concentration of spores and storage for 3 weeks (see Table 1a),
the examined strains of B. licheniformis caused a significant reduction of milk protein
content depending on initial concentration used —from 34.60 g-1'1 to 32.58 — 31.40 — 31.18
g-1'1 of milk. The proteolytic effect of B. subtilis enzymes may be assessed in comparison
with the other examined types as the least significant one, the protein contents found -
depending oninitial spores concentration used —the values of 33.22—-33.26-32.86g-1'1 of
milk. When monitoring the milk samples containing B. cereus sporesasignificant reduction
in protein contents was recorded for all the examined strains. The values of 31.26 —29.79 -
29.46 g-1°1 of milk werefound. Evenwithinitial contentsof sporesin milk of < 101-ml -1 the
detected protein contents was very low (Table 1a). Significant (p < 0.05) or highly
significant (p < 0.01) differences were recorded among the effects of enzymes of individual
monitored types of Bacillus spp.

When storing the samples at temperature of 4 °C the reduction of proteins did not occur
due to any of the monitored types of Bacillus spp. —in comparison with theinitial protein
contents. The numbers found are comparable with control samples.

TheMilcoScan device was used for determination of proteolysisalsoby K elly and Fol ey
(1997), who monitored theinfluence of native proteolytic enzymes of milk. The questions of
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Tablel
Content of the proteins (g-1) in the UHT milk with spores of B. licheniformis, B. subtilis, B. cereus
in the course of storage (week) at 24 °C

. Initial concentration of sporesin 1 ml milk
Spedies week 1°+SD | 101250 <10'x SD
a) without inactivation of spores
Initial proteins content 34.60
B. licheniformis 1 33.90+0.46 33.98+0.48 33.98+1.09
2 32.44+1.08 3242+1.08 33.88+0.46
3 31.18+1.52 3140+ 1.19 3258+1.25
B. subtilis 1 33.82+1.28 33.86+1.46 33.84+1.15
2 3352+1.18 3370+1.25 33.64+1.36
3 32.86+1.38 3326+1.31 3322+1.38
B. cereus 1 32.64+0.98 3352+1.33 33.96 + 1.03
2 30.36+1.94 3048+ 2.20 32.34+1.06
3 29.46+2.00 29.76+2.14 31.26+2.26
b) inactivation of spores - temperature 100 °C, time 10 min
Initial proteins content 34.50
B. licheniformis 1 33.60+0.55 34.00 £ 0.00 34.40 £ 0.06
2 33.40+0.00 33.40+0.10 34.40 £ 0.06
3 31.10+0.72 33.30+0.06 34.30 £ 0.06
B. subtilis 1 34.40+ 0.06 34.40 + 0.06 34.50 + 0.06
2 34.40+0.10 34.40+0.12 34.40 £ 0.00
3 34.40+0.12 34.30+0.12 34.30+ 0.00
B. cereus 1 34.40 £ 0.06 34.40 £ 0.06 34.50 £ 0.00
2 34.40 £ 0.00 34.40+0.00 34.40 £ 0.00
3 34.30+ 0.00 34.30+0.00 34.30+ 0.00
C) inactivation of spores - temperature 135 °C, time5 s
Initial proteins content 34.60
B.licheniformis 1 34.30+ 0.00 34.30+ 0.00 34.35+0.07
2 34.15+0.07 34.25+0.14 34.35+0.00
3 33.05+1.77 33.80+0.57 34.30+0.07
B. subtilis 1 34.60+ 0.00 34.35+0.07 3440+ 0.14
2 34.50+ 0.00 34.40+0.14 34.35+0.21
3 34.40+0.14 34.40 + 0.00 34.40 £ 0.00
B. cereus 1 34.45+0.07 34.35+0.07 34.45+0.07
2 34.45+0.07 34.40 £ 0.00 34.40 £ 0.00
3 34.35+0.07 34.35+0.07 34.45+0.07

protein contentsin milk caused by activities of lytic enzymeswere also studied by Corzo et
al. (1994), Recio et a. (2000), Zhao et a. (1998), M adsen and Qvi st (1997).

Lower values of freetyrosine (Table 2a) were found in samples with sporadic occurrence
of spores, while a significant increase was detected with higher spore contents. Changes
were monitored as soon as from the second day of monitoring, when the average number of
sporul ating bacteria reached 10% - 10° CFU Il -1 during tests with all the monitored types of
bacilli. Inthe course of storage of milk sampleswith spores of B. licheniformis—anincrease
of free tyrosine was detected after a period of 28 days depending on initia spore
concentration upto 1.34—1.59—1.58 mgml-1. The highest proteolytic activity wasrecorded
for B. cereus, where free tyrosine values of 2.09 and 2.13 mg(l-1 were detected at higher
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Table2a
Content of the free tyrosine (mg-ml-1) in the UHT milk with spores of B. licheniformis, B. subtilis,
B. cereusin the course of storage (day) at 24 °C

Initial concentration Storage (day)
ﬁ:i poresin Lml it 1 2 3 7 14 21 28
B. licheniformis
102+ SD 0.65 0.71 0.85 1.03 112 1.39 1.51 1.58
+0.08 +0.12 +0.03 +0.08 +0.08 +0.18 +0.12 +0.17
101+ SD 0.65 0.71 0.84 0.98 118 1.36 151 1.59
+0.08 +0.10 +0.04 | +£0.07 +0.07 +015 | +0.12 +0.17
<10'+SD 0.65 0.66 0.75 0.84 0.98 1.14 1.27 1.34
+0.08 +0.07 +0.07 +0.06 +0.04 +0.07 +0.12 +0.17
B. subtilis
102+ SD 0.65 0.69 0.73 0.81 0.99 1.04 1.19 1.28
+0.08 +0.08 +0.07 | +£0.06 +0.03 +003 | +£0.15 +0.14
10+ SD 0.65 0.67 0.72 0.82 0.90 1.05 1.18 1.26
+0.08 +0.08 +0.08 | +0.09 +0.09 +0.03 | +0.17 +0.09
<101+ SD 0.65 0.65 0.67 0.72 0.80 0.90 0.99 1.06
+0.08 +0.08 +0.07 +0.08 +0.08 +0.10 +0.45 +0.05
B. cereus
102+ SD 0.65 0.69 0.97 1.18 1.42 1.66 2.01 213
+0.08 +0.09 +006 | £0.10 | £0.15 +0.27 +0.16 +0.28
101+ SD 0.65 0.69 0.89 1.09 1.36 1.62 1.88 2.09
+0.08 +0.09 +0.09 | +0.09 +0.18 +023 | +0.07 +0.19
<10'+SD 0.65 0.67 0.74 0.94 1.27 1.41 1.54 1.66
+0.08 +0.08 +0.11 +0.09 +0.17 +0.22 +0.28 +0.25
Table2b
Content of free tyrosine (mg-ml-1) in the UHT milk with spores of
B. licheniformis, B. subtilis, B. cereus after inactivation at 135 °C 5 sin the course
of storage (day) at 24 °C
Initial concentration Storage (day)
of sporesin L 0 1 2 3 7 1 21 28
102+ SD 0.65 0.65 0.66 0.67 0.71 0.73 0.73 0.73
+0.08 +0.08 +0.08 | +0.08 +0.15 +0.17 +0.18 +0.19
101+ SD 0.65 0.65 0.65 0.66 0.66 0.66 0.66 0.66
+0.08 +0.08 +0.07 +0.08 +0.09 +0.05 +0.48 +0.05
<10+ SD 0.65 0.65 0.65 0.65 0.66 0.65 0.65 0.66
+0.08 +0.08 +0.08 +0.08 +0.01 +0.08 +0.08 +0.08

spore concentrations and 1.66 mgl-1 in case of < 10Il-1 concentration. Thelowest range
of protein breakdown was detected in milk inoculated with B. subtilis spores, when the free
tyrosine contents increased only to 1.06 - 1.26 and 1.28 mgll-l. When studying the
proteolytic activities of psychrotrophic microorganisms in milk, LukaSova (1985)
detected anincrease of freetyrosine up to 1.21 mglmi-1 at 108 CFUIMI-L, which corresponds
to values detected by uswhile reaching the same number of microorganisms (Table 23, 2b).
The detected free tyrosine for B. subtilis was — in comparison with B. licheniformis —
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significantly lower (p < 0.05) and in comparison with B. cereus significantly lower
(p <0.01). Just to the contrary, the highest content was recorded for B. cereus.

When sporesinactivated by heating to 100°C for 10minand 135°Cfor 5swereused, proteolysis
occurred (with samples stored at room temperature) only with one strain of B. licheniformisunder
conditions of higher initia concentration of spores. The surviving spores sprout up and the protein
contentswas reduced to 33.3—31.1 glii* and 33.8 —33.05 gli! and free tyrosine contentsincreased
t0 0.73 mgl-L. After hesting the spores of other strains of B. licheniformisaswell as sporesof B.
subtilisand B. cereustheir decomposition occurred (Tables 1b, 1c, 2b).

Most authors used the capillary method or the method of gel electrophoresis and different
typesof gels (Garcia-Risco et al. 1999; Recio et a. 2000) when monitoring proteolysis.
Proteases produced by B. licheniformis cleave primarily the k-casein. Johnston and Bruce
(1982) monitored the occurrence of Bacillus spp. and effects of produced enzymes at milk
components and they proved significant biochemical activity — casein hydrolysis in 84% of
raw milk samples. Theresultsof hydrolysisinclude de-stabilisation of casein micellesand milk
coagulation (Ismail etal. 1991).

Based on our resultsit can be seen that significant (p < 0.05) or highly significant (p <
0.01) reduction of casein fraction contents occurred only in samplesstored at 24 °C. At this
temperature, the highest reduction of «-casein contents was recorded which dropped to
7.43%. Moreover, 3-casein was hydrolysed to 27.53%. The a-casein 43.95% (Fig. laand
2a) was assessed as the most stable one. In samples stored at 4 °C —in comparison with the
initial contents of casein fractions— no significant reduction of their contents due to any of
the monitored strains of B. licheniformiswas found. In the course of storage, the contents
of K-casein dropped to 79.42%, 3-casein to 78.30% and a-caseinto 85.71% (Plate V1, Fig.
1b and 2b). L 6pez-Fandifio et a. (1993) obtained similar results when monitoring the
effects of proteasis Pseudomonas fluorescens B52 to proteins in directly and indirectly
treated skimmed and full UHT milk, stored for the period of 78 daysat 22 °C. The highest
reduction was recorded for k-casein fraction. The a-casein was assessed to be the most
stablefraction. Identical resultswere obtained also by I smail et al. (1991), and Dogru et
al. (2001). Gallagher et al. (1994) monitored the effects of protease of B. subtilisand its
optimal temperature of 40 °C for casein fractions. After 1 h, the a-casein was stable, while
[B-casein was fully hydrolysed within 40 minutes. Alfa—casein and [3-casein are selectively
attacked depending on the microorganism type (Shah 1994).
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Fig. 1a Proteolytic influence of Bacillus licheniformis  Fig. 2a. Proteolytic influence of Bacilluslicheniformis
on casein fractionsin the UHT milk stored at 24 °C on casein fractionsin the UHT milk stored at 4 °C

Vliv enzymii Bacillus spp. na bilkoviny UHT mléka

Na modelovém piipad€ kontaminace trvanlivého polotu¢ného mléka spérami 15 kment
B. licheniformis, B. subtilis a B. cereus izolovanych z prostfedi farmy a ze syrového mléka
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bylo provedeno sledovini proteolyzy stanovenim zmén obsahu bilkovin metodou
infraCervené spektroskopie, volného tyrosinu Lowryho metodou podle Juffse a stanovenim
ubytku kaseinovych frakci pomoci SDS-PAGE.

Pti skladovaci teplot€¢ 4 °C nebyla proteolyza zaznamendna, zatimco pfi skladovaci
teploté 24 °C byly zjiStény po 3 tydnech néasledujici zmény od ptivodnich hodnot: pokles
bilkovin z 34.60 g[I-'mléka na hodnoty 29.46 - 32.86 g[l''mléka a zvy3eni obsahu volného
tyrosinu z 0.65 mg[tl-!' na hodnoty 2.13 - 1.59 mgtl-' mléka v z4vislosti na druhu Bacillus
spp.- Bylo zji§téno, Ze teplotni a ¢asovy parametr zdhievu na 100 °C 10 minut a 135 °C 5
sekund mohou spory rezistentnich kment Bacillus licheniformis preZit a vykazovat
proteolytickou aktivitu.

Pri sledovani tbytku kaseinovych frakci bylo zji§t€no, Ze nejrychleji byl odbouravan K-
kasein na 7.43%. Hodnoty [B-kaseinu poklesly na 27.53% a a-kaseinu na 43.95%.
Pfi skladovaci teploté 4 °C byl ubytek vSech kaseinovych frakci nizsi. Doslo k poklesu na
79.42% pro K-kasein, 78.30% pro [3-kasein a 85.71% pro a-kasein.

Intenzita zmén byla zavisla na pouZitém druhu i kmenu Bacillus spp., skladovaci teploté
a vySi tepelné inaktivace spor. Céste¢né se projevil vliv pouzité vychozi koncentrace spor.
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Fig. 1b. SDS-PAGE pattern of casein fractions proteolysiduitlus licheniformis of storage UHT milk
at 24 °C. The number at the lines means week of storage.
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Fig. 2b. SDS-PAGE pattern of casein fractions proteolysBdai}lus licheniformis of storage UHT milk
at 4 °C. The number at the lines means week of storage.



