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Abstract
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sses on the Survival of Pseudomonas aeruginosa in Foods. Acta vet. Brno,
55, 1986: 333-358. '

Experiments on the effects of NaCl, nitrite curing mixture,
pasteurization, freezing and lactic acid fermentation upon the
survival of Pseudomonas aeruginosa yielded the following results:
/1/ 3% NaCl inhibited the growth of P. aeruginosa more than the
other salts employed. /2/ Pasteurization temperatures used for
dairy milk treatment were fully ef{Fctive in killing P. aerugi-
nosa organisms. /3/ Freezing at -18"C reduced P. aeruginosa
counts, but did not result in complete devitalization of the or-
ganisms. /4/ Lactic acid fermentation reduced P. aeruginosa counts
depending on the environmental acidity.

Pseudomonas aeruginosa, NaCl, nitrite curing mixture, pasteurization,
freezing, lactic acid fermentation.

Viewed from the standpoint of food industry, Pseudomonas aerugi-
nosa is a potentially pathogenic microorganism that can give rise
to alimentary disease if conditions favouring its multiplication
prevail. Data on food poisoning due to P. aeruginosa are scarce,
with most of them being reported for newborn babies and sucklings
(Burzynska et al. 1974). Ormay et al. (1980) reported that
P. aeruginosa was responsible for 0.1% of cases of alimentary
disease.

P. aeruginosa has been isolated from various foods and raw
material, maily raw milk and meat. Kielwein (1968) isolated
69 (6.7%) strains of P. aeruginosa from 1022 samples of raw milk.
Dtte et al. (1978) found P. aeruginosa in 34.7% of milk samples
examined. Katona and Ld4nyi (1982) reported on the occurren-
ce of P. aeruginosa in raw milk and milking equipment with refe-
rence to the hygiene of the environment. P. aeruginosa findings in
meat were reported by Ormay et al. (1980).

Moreover, reports are also available on P. aeruginosa isolations
from other foods such as pasteurized milk (Haladov4 and
Lacovi 1979), frozen egg-containing products (Popa et al.
1974) and frozen ready-to-cook products containing flour and
potatoes (Burzynska 1978).
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The present study was designed to assess the effects of some
technological procedures on the growth and survival of P. aeru-
ginosa in foods.

Materials and Methods

Five strains of P. aeruginosa with properties identifying them
as typical representatives of this species (Bergey s Ma-
nual 1984) were included in the experiment. The procedures
studied for their effects on the strains were treatments with
NaCl and nitrite curing mixture, pasteurization, freezing and
lactic acid fermentation.

Treatment with NaCl and Nitrite Curing Mixture. The strains
were inoculated into meat-peptone broth containing 2% NaCl, 3%
NaCl or 2.5% nitrite curing mixture (0.6% NaNlJ2 + 94.0% NaCl +
+ 5.4% other ingredients). Tubes without the “salts were inocu-
lated at the same time to serve as controls. P. aeruginosa cgunts
were determined after incubation for 1, 2 and 7 days at 37°C.

Pasteurization. Dried semi-skim milk was reconststuted and
used to gpow the strains. After Being heated to 65°C for 30 min-
utes, 75°C for 2 minutes and 85°C for 2 seconds, the samples
were cooled quickly and P. aeruginosa counts were determined.

Freezing. The strains were anoculated into freshly pasteurized
egg melange and stored at -18"C for 1, 2 .and 4 weeks. P. aerugi-
‘nosa counts were determined after the samples were allowed to
thaw at room temperature.

Lactic Acid Fermentation. Ten per cent skim milk powder was
reconstituted, dispensed in 50 ma volumes, heated to 85 C for
10 minutes and then cooled to 45°C. To each sample, 2 ml of
yoghourt culture J 22 (diluted 1:1 with milk) and a suspensign
of P. aeruginosa strains were added. After being incubated at 43°C
for 3 hours, the samples were examined for actual acidity poten- 1
tiometrically and for titratable acidity using NaOH c (0.25 mol.17 %)
and P. aeruginosa counts were determined. The samples were
subsequently stored at a refrigerator temperature for 24 and
48 hours and examined in the same way as described above.

P. aeruginosa counts were determined quantitatively on agar
plates using Pseudomonas F agar. The initial concentrations of the
inoculated strains were determined in all the samples. The sub-
strates used were checked to ensure the absence of other P. aeru-
ginosa organisms. )

Results

NaCl and Nitrite Curing Mixture. The addition of 2% NaCl to
the nutrient medium did not exert a marked effect on the growth
of the strains, particularly after 24-hour incubation. A slow-
-down of the growth or reduced P. aeruginosa counts were observed
after 48 hours. Incubation for 7 days resulted in a major re-
duction in P. aeruginosa counts, compared with controls.

The addition of 3% NaCl did not substantially inhibit the
growth of P. aeruginosa strains. Generally, in this environment
too, the growth was reduced compared with controls.
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The 2.5% nitrite curing mixture exerted no substantial effect
on the growth of P. aeruginosa strains (Fig. 1).

Pasteurization. The temperatures used for dairy milk treatment
caused complete devitdlization of P. aeruginosa strains.

Freezing. Freezing and storage of egg melange samples inocula-
ted with g. aeruginosa strains produced a reduction.of P. aeruginosa
counts by approximately 2 orders by the end of the first week.
In the next weeks the reduction of P. aeruginosa counts continued
at a slower rate (Fig. 2).

Lactic Acid Fermentation. The activity of the yoghourt culture
in milk samples was manifested by a rise in titratable acidity
from 7 ml to 26 ml NaOH ¢ (0.25 mol.1 ) after 3-hour incuba-
tion and to 40 ml and 45 - 50 ml after storage for 24 and 48
hours, respectively. With the increasing acidity a decrease in
P. aeruginosa counts was observed (Fig. 3). In two strains where
the yoghourt acidity exceeded 47 ml NaOH and the pH was lower
than 4.3, P. aeruginosa counts reached zero values.

Discussion

Up to now, P. aeruginosa has received attention mainly from the
clinical point of view. In food microbiology, P. aeruginosa find-
ings have been accidental, drawing systematic attention only
when incriminated as causes of alimentary disease. Little is
known about possible P. aeruginosa survival in foods with respect
to various technological treatments, environmental effects and
various food additives used in food industry.

From our results it appears that the pasteurization tempera-
tures used for dairy milk treatment are fully effective in kil-
ling P. aeruginosa. The findings of P. aeruginosa in pasteurized
milk reported by Haladovd et al. (1979) were apparently due
to subsequent contamination. In keeping with our results are
the observations of D0tte et al. (1878) who_investigated the
effects of a temperature range of 55°C to 80 C.

The temperatures used in freezing plants reduce P. aeruginosa
counts, but do not kill the organisms completely. With increasing
length of the storage a slow-down in the devitalization of P.
aeruginosa occurs. The lack of a complete kill of P. aeruginosa
organisms involves the risk of their renewed multiplication after
the contaminated food is thawed. Pogorelska (1979) in her
experiments with minced meat in08u1ated with a P. aeruginosa
strain found that storage at -23"C for 6 months reduced P. aeru-
ginosa counts by 60%. According to Popa and Vasilescu
(1974) 10% of the original P. aeruginosa coungs in egg products
survive freezing and é-month storage at -18"C.

Very few data are available on survival of P. aeruginosa in fer-
mented milk products. It remains undisclosed whether P. aeruginosa
counts are reduced by a high degree of acidity or antimicrobial
activity of lactic bacteria. Polugani et al. (1979) assessing
antimicrobial activity of various lactic cultures found that
the growth of P, aeruginosa was inhibited by L. bulgaricus, L. aci-
dophilus and Str. thermophilus. Kafel et al. (1981), on the other
hand, studied the effect of the pH on P. aeruginosa survival in
milk under various storage temperatures. They found that P. aeru-
ginosa did not multiply when the pH of the milk was 4.5. The orga-
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Fig. 1. Effects of various salts on the growth of P. aeruginosa
A = 2% NaCl; B = 3% NaCl; C = 2.5% nitrite curing mixture.
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nisms died gradually, the rate of their devitalization being
dependent on environmgntal temperaaures: more P. aeruginosa orga-
nisms survived at 4.5°C than at 37 °C. In the present study -
P. aeruginosa counts in milk incubated with a yoghourt culture for
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3 hours were reduced. When the pH values were lower than 4.5
and the titratable acidity exceeded 47 ml NaOH c (0.25 mol.l
P. aeruginosa strains were completely devitalized. In the opposite
case they survived. )

The addition of NaCl inhibited P. aeruginosa growth. However, *
no substantial differences occurred between the effects of 2 and
3% addition. The effect on P. aeruginosa was also studied by
Harris et al. (1974) who found that concentrations between
0.14 M and 4.5 M NaCl caused "osmotic shock" dependent on tempe-
rature.

NaCl in combination with NaNO, in nitrite curing mixture had
no inhibitory effect on the gro%th of P. aeruginosa.

_1)

Vliv nékterych technologii na pfezivdni Pseudomonas aeruginosa

v_potravinach

Byl studovdn vliv NaCl, dusitanové solici smési, pasteracnich
teplot, mrazeni a mlééného kysdni na pre?ivdni P. aeruginosa. Bylo
zjisténo, %e 1/ z pouzitych soli m& nejvétsi inhibi&ni G&inek
3% NaCl,

2/ pasteraéni teploty, pouzivané k osetfeni mléka,
ni¢i P. aeruginosa, o

3/ mrazeni pfi -18°C zpGsobuje redukci po&tu bungk,
ale nemd za ndsledek uUplnou devitalizaci téchto mikrobu,

4/ mlééné kyséni redukuje po&'y P. aeruginosa v z&-
vislosti na kyselosti prostiedi.

BiMsiHHe HEKOTOPHIX TEXHOJOrHH Ha BBIXHBAEeMOCThb
Pseudomonas aeruginosa B [HOEBHX NPOOYKTax

lMpoBonunuue ucclnenoBaHus NaCl, a30THCTOH COJNSIHOH CMecCH,

TeMnepaTyphl NacTepH3alHH, 3aMOpPaXWBaHHUSA M MOJIOUHOIO KBamEHHH,

HX BJIMSAHHMA Ha BBIKHBAeMOCTb P. aeruginosa. BbelIO yCTaHOBJNEHO, YTO

1) u3 uHcna HCronb3yeMelXx coned caMmoe 60NbmOe HHI'HOHpyHmee

BNUsIHHEe oKa3sebiBaeT 3% NaCl;

2) rTemnepaTypa nacTepH3alHu, NPHMeHsieMass NN O6pabOTKH MOJIOKA,
yHHUTOXaeT P. aeruginosa;

3) s3aMopaxuBaHHe NpH TeMmnepaType -18°C BeI3EIBAaEeT penyKLUHIO UHCIa
KJIETOK, ONHAKO He BHJIHBAeTCs B IONHOE YHHUTOXEeHHe NaHHBIX
MHKPOGOB ;

4) MonouyHas 3akKBacKa pelNyuHpyeT YHCIEHHOCTb P. aeruginosa B 3aBu-
CHMOCTH OT KHCJOTHOCTH OKpyXawmed cpenH.
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