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Subject of the studies, was a thermal re-
sistance of the spores Bacillus subtilis sus-
pendedin the meat extracts of a sea and fresh-
-water fish, Depending on the spore suspend-
ing environment, the thermal resistance proved
to be different.

INTRODUCTION

The thermobacterial investigationsin certainfields of the food preserva-
tion play a dominating part. As the more important, may be considered the
investigations performedonthe dependence of a bacteria thermal resistance
in relation to the specific physical and chemical characteristics of an envi-
ronment in which the lethal heat affects the bacteria. Aninfluence of the car-
bohydrates, fats and proteins as the elements of heating medium, on a thermal
resistance of bacteria was defined in the course of such investigations.

A considerably extensive literature variously deals with an influence of
carbohydrates and fats on a differentiation of the bacteria thermal resistance.
However, any data relating in this subject to proteins, deals mainly with
their protective influence during an action of lethal heat.

Already Murray and Headlee (1931) proved, that the pepton
protects the spores Cl.tetani. Amaha and Sakaguchi (1954) as-
certained, that such nitro-compounds as albumin, pepton and nucleic acids
have the protective influence onthe spores PA 3679; however such influence
was declining as a coricentration of the compounds was decreased from 2,5%
t0 0.25%. The same authors simultaneously proved, thata mixture of 15 amino-
-acids caused slight decrease of the thermal dead point at PA 3679 in relation
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to the control-test performed in a heating range of phosphate buffer,

Also Hansen (1963) reported, thatthe proteins contained in a heat-
ing environment raise the thermal resistance of bacteria.

The above-mentioned works indicate, that basically the proteins act pro-
tectively on the bacteria during the thermal treatments. However, no compe
rative values are concluded for the various natural environments, in which
the natural protein is a basic component. Therefore, the presented studies
are to define comparatively the thermal resistance level of Bac. subtilis in
the extracts prepared from a meat of various fish species.

MATERIALS AND METHODS

Materials

The spores Bacillus subtilis No. 32 obtained from the strains museum of
Institute of Hygiene at Warsaw, were used for the studies.

The strain was cultured on the constant medium composed acc. to Roth
and co-authors (1955): tryptose (Difco) - 2.0 per cent, glucose - 1,0 per
cent, NaCl - 0.5 per cent, agar - 2.0 per cent. Final pH of medium - 7.0.

The meat extracts were preparedacc.to Burbianka and Plis z-
k a (1963) from the following species of a séa and fresh-water fish:

. cod-fish (Gadus morrhua calarias),
Norway haddock {(Sebastes marinus),
mackerel (Scomber scombrus),

. herring (Clupea harengus,

. tench (Tinca tinca),

. lavaret (Coregonus lavaretus),

. whitefish (Coregonus albula),

. pike (Esox lucius).
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The pH of extracts after sterilization amounted to 7.0.

Methods

The Bac. subtilis had been cultured in temperature of 34°C with the 24 hr
incubation time., The comparative specimen with safranine and malachite-green
pigments were prepared fromthe culture., The microscopic examination of the
specimen proved, that under the applied culturing conditions, the strains
produces 80% of spores,

The stock suspension, in distilled water of a concentration 50 x 106 /ml,
was prepared on the 24-hr culture of Bac. subtilis. For destruction of the
vegetative cells, the suspension was heated for 30 min. on a water-bath of
temp. 65°C, and thenafter stored upto 72 hrs in temp. of 1-2°C.
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The meat-extracts were prepared fat-free by cooling down to temperature
of ab, 1°C and by careful lowering of the bottom layers free of fat.

The Bac. subtilis were twice washed with an extract of cod-fish; a sus-
pension, of concentration 100 000 spores/ml, was preparedin such environ-
ment. A suspension of the same concentrationwas also prepared of the cod-
-fish meat extracts on the non-washed spores.

The T.D.T. of the washed and non-washed spores were estimated acc.
to technics describedby Ball (1957). The estimations were taken in five
temperatures - 95, 98, 101, 104 and 107°C with. the heating times of 0.25-
100,0 min.

A thermal resistance estimations of the Bac. subtilis in the extracts of
the remaining species of fish, were performed identically to the non-washed
spores, A stock suspension of the' Bac. subtilis in distilled water, to give
their concentration of 100 Q00/ml, hadbeen added to the fat-free meat ex-
tracts of the particular fish .species.

The samples were heatedona glycerine-bath with an accuracy of 1_O, 1°C sa
correction of the time amountingto 1.5min. requiredfor heat penetration into
the geometrical centre of test tubes, was considered as per Sognefest
and Benjamin (1944).

Nine test-tubes of 10 x 100 mm containing jointly 9.0 ml of the spores
suspension, were simultaneously subjected to thermal treatment in each of
the adapted time-temperature scheme, The tubes were sealed with the rubber
plugs in the stands preparedacc. to Put and Wy bin ga (1963). Upon
heating time, the samples were immediately subjected to cooling-down in a
running water and to incubationfor 72 hrs at temp. of 34°C. After such time
of reanimation in the heating environment, the readings were taken,

RESULTS

The points representing an average of the time-logarithms of survival or
destruction of the Bac. subtilis for eachtime-temperature scheme, are en-
tered in the semi-logarithmis arrangement of co-ordinates.

The T.D.T. curves of the spores were drawn on the basis of these
n_n

points. Accordingto Ball (1957), foreach curve the value "z" was taken,
and the value "F" was calculated.

Diagram No.l represents the comparative value of parameters "z'" and

"F" for the particular environments.

n_n

It appears from diagram No.1l, that the highest "z" value amounting to
9,4°C, was noted in the case of the Bac. subtilis being heated in an envi-
ronment of the meat extract of a lavaret (Coregonus lavaretus). In the meat
extracts of the remaining species of a fish, the value "z" was gradually de-
creasing and amounted: for Norway haddock z = 8,0°C, pike z = 7,4°C,
mackerel z = 7.3°C, tench z = 7.0°C, cod-fish and herring z = 6.7°C. The

lowest "z" = 6,0°C was obtained from the extract of a whitefish.
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Fig.l. Values "z" and "F" obtained from the T.D.T. curves of the Bacillus
subtilis No. 32 heated in an environment of the meat extracts of the various
fish species

The highest value "F" = 0.01520 min. revealed the suspension of the Bac.
subtilis in the environment of a meat extract of lavaret; further, a pike -
0.01420 min. and Norway haddock - 0.01 290 min. In extracts of the re-
maining fish species, the value "F'" was decreasing from 0,00567 for tench
extract to be at minimum 0.00310 min. for a whitefish meat extract.

The results discussed relate to thermal resistance of the non-washed
spores Bac. subtilis suspended inthe meat-extracts of various fish species.
By comparison, a thermal resistance of the washed and non-washed spores
in an environment of a cod-fish meat extract, proved to be identical.

DISCUSSION

Ball (1938, 1943) ascertains, thatin the processes of thermal treatment,
the thermal resistance of bacteria is among other things, dependent on the
kind of food and that the value "z" of the time curves of bacteria thermal-
-death, is changing.

Thomas et al.(1966), whileinvestigatinga thermal resistance of Sal-
monella senftenberg and of two staphylococci strains, in the environment of
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5 per cent NaCl, green-pease pudding, in a meat-soup and in free of fat pa-
steurized milk, noted, that the value "z" varied within 4.52-6.38°C,

Also, Secrist and S tumbo (1958) proved, that while in di-
stilled water the value "z" for the strain PA 3679 amounted to 10.55°C, in
environment of a green-pease, the "z" value was 9.83°C for the same strain.

The investigations in question, proved, that when the suspension of the
Bac. subtilis had been heated in an environment of the meat extracts of
various fish species, the value "z" of the correspondingtime T.D.T. curves
was changing. As the extracts were fat-free, their most important components
left were probably the proteins peculiar for the particular species of a fish.
The only variable parameters in these investigations, were the extracts
prepared from various species of fishj thus, a changeability of "z" allows to
conclud their individual effects on the thermal resistance of the Bac. subti-
lis.

An uniform and exact comparison of a thermal resistance of the Bac., sub-
tilis in the meat extract of the particular fish species, was possible due to
calculation of the value "F" obtained by equation of Ball:

T-121,1

F-rt110 7~ (min. )

When comparing an order of the quantities obtained in these investigations
on value "F" , a suggestion may be apparent, that the comparison of thermal
resistance of the investigated Bac. subtilis should be performed at the lower
temperature level, e.g. 100°C. Tomake, however, the obtained results com-
parative with data of the other thermobacteriologic investigations, it was ad-
visable to relate them to one common level i.e. 121,1°C.

The results obtained in these investigations, allow to conclude, that an
individual influence of the wvarious protein environments on the thermal re-
sistance of bacteria at temperatures below 100°C, may be of a higher practical
meaning.

Inifish processing, the temperaturesnotexceeding lOOOC, may take place
in a raw-fish preparations, such as frying, boiling and roasting, i.e. in
production of "the ready to serve'" foods. The surfacial temperature in such
production may be as highas 180-200°C, e.g. atfrying or roasting. Yet, the
heating of a raw material is then effected nearly entirely by conduction and
therefore the temperature atthe centre, may even notexceed 60°C considering
the short processing time.

Distinctly low lethal dose of a heat and the individual characteristics of
a raw material, may favour the survival of the microorganisms, and in some
cases, may even promote the thermal activity of germinationand reproduction
of a bacteria.

Considering an initially increased bacterial contaminationofa fish, which
may be used for production as a raw material of the improper quality, the
probability of survival of the pathogenic and saprogenic microorganisms is
creased. ‘This, in turn, may cause a serious internal spoilage of a product
and potentially lead to the food-poisoning of a consumer,
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CONCLUSIONS

1. The thermal resistance differences of the Bac. subtilis in the meat ex-
tract of various species of a seaand fresh-water fish prove, that the thermal
resistance of bacteria is functioned by the smallest changes in a chemical
composition of heating environment.

o
2. In the processing temperatures below 100.C, aninfluence of the protein
environments on a thermal resistance of bacteria, may be of a great practical
importance.

3. The food-preserving process should be based on the first-class raw
material, considering that the processing conditions may notalways guarantee
a distruction of the pathogenic and saprogenic microorganisms.,
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CIEPLOOPORNOSC ZARODNIKOW BACILLUS SUBTILIS
BADANA W WYCIAGACH Z MIE{SAROZNYCH GATUNKOW RYB MORSKICH
1 SLODKOWODNYCH

Streszczenie

Badano cieptooporno$é zarodnikdw szczepu Bacillus subtilis Nr 32 otrzy-
manego z Panfstwowego ZakladuHigieny w Warszawie, Jako $rodowisko grzej-
ne w badaniach zastosowano wyciagi z miesa nastepujacych gatunkéw ryb mor-
skich i stodkowodnych: dorsz, karmazyn, makrela, $ledZ, lin, sieja, sie-
lawa i szczupak. Koncentracja zarodnikéw wynosita 100 000 /ml.

Otrzymano zréznicowane wartoéci, z"i,F"., Najwyzsza warto§éz=9 ,AOC
wykazata krzywa czasu émierci cieplnej otrzymana w przypadku ogrzewania
zarodnikdw w $rodowisku wyciggu z miesa siei, zaé najnizszag wartoéé z =
= 6,0 C wykazala krzywa dla tychze zarodnikéw badanych w $rodowisku wy-
ciggu z miesa sielawy. Dokonane wyliczenia wartoéci ,F" wg wzoru Balla
wykazaty, ze najwyzsze F = 0,01520 min. odpowiadato ogrzewaniu zarodni-
kéw z wyciggu z miesa siei, za$ najnizsze F = 0,00310 min. odpowiadato
ogrzewaniu ich w $rodowisku wyciggu z miesa sielawy.

Uzyskane w badaniach wyniki S$wiadcza o tym, ze na zrdznicowanie cie-
ploopornosci tego samego szczepu bakterii wplywaé moga niewielkie nawet
zmiany wtasciwoéci $rodowiska, w ktérym podda sie je dzialaniu ciepta le-
talnego.

TEMNOYCTOIYIBOCTE CIOP BACILLUS SUBTILIS BYUAEMAfl B BHTAXKAX
113 MACA PA3SHHX BIJOB MOPCKUX I IPECHOBOJHHX PHB

Pesnonwme

lI3yyanace TenaAOyCTOMYMBOCTE CIOpP WTamMMa Bacillus subtilis Ho 32 1o-
IYyUeHHOTO u3 ['0CyZapCTBEHHOT'O WMHCTUTYyTa TUTWUEHH B Bapumase. B KauecTBe
NoZOoTpeBanmell Cpel B ONHTAX NPUMEHSANNCH BHTAXKKM U3 MACA MODPCKUX U Ipec-
HOBOZHHX pHO: TPECKU, MODCKOTO OKyHf, MakpelH, Cenbid, NUHA, cura,  pf-
NyUKY ¥ WyKd., KOHmEHTpamus crnop - 100 000 /Mi.

llonyyeHH pa3HHE BenuWuuHH ,z" U ,F" ., HafiBHcCuUyl BeXu«UHY z = 9,5°C
NOKa3ajla KpuBad BPEMEHU TEIINOBO# CMEpTU NMONYyUueHHAd B pE3yibTaTe  HOZO0-
TPEBaHUA CIOP B CpeZle BHTAKKM U3 MACa CUTa U caMyld HU3KYD BeNUYVHY
F = 6,0°C - KpUBaf MJIf CNOp IIOMENEHHWX B CpEJe BHTAKKY U3 MACA DAMYNKI,
[IpOBOZEHHHE BHUNCIEHUS BEIWUNHH ,F" 10 Qopmyde Banna mokasamu, u4TO ca-
MO€ BHCOKOe F - 0,01520 MuNH, OTBEUajO HOZOTPEBY CIOD B BHTAKKE U3 MsAca
cura, a camoe HU3KOoe F = 0,00310 MUH. NOZOIPEBY UX B CPEAE  BLTAKKN U3
MAca PANYLKN,
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[lonyyeHHHE B ONHTAX PE3yNBTAaTH CBUZLETEIBCTBYIT O TOM,UTO Ha AuddepeH-
IUPOBKY TENIOYyCTOUYNBOCTY TOTO CAMOT0 WiTamMa | GaKTepuii MOTYT  OKA3HBATH |

BIUSIHNE JaXe HEBEJUKNE U3MEHEHUR CBOICTB Cpelh, B KOTOpO#l mozza&TcA  OH
ZeficTBUN JEeTaJlbHOTO TEMNNa.
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