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Introduction
—=2yduction

It is a known fact that for their biological functions, microorganisms use nutritjve mat

dissolved in water. According to Scott, however, microorganisms can use only a certain g
Numeroysg pap
point at the significance of water activity in meat technology and in theoretical

of the present water for which he introduced the term "water activity" (aw}.
microhy,
logy: Christian; Scott; Beers; Bem et al.; Christian and Waltho; Labuzaj; Riemann;
Ohye et al.; Leistner et al.; Strong et al.; TomSova et al.; R3del et al,. Besides
the results of these examinations establish optimum and minimum a,~ values necessary for g

growth and miltiplication of different genera of bacteria, yeasts and moulds.

The way in which ingredients used in curing brines (common salt, phosphates, nitrites, ni:
tes and glycose) influence the aw—value and the ability of meat microflora to multiply Seemng
to be an interesting problem. Therefore the aim of this work was to examine the influence of
adding these ingredients to nutritive bouillon on the aw—value and on multiplication of ge=
lected microorganisms.

Materials and Methods

1} Microorganisms and media.-- The authors used the following strains: Streptococcus faecal‘i

Staphylococcus aureus, Escherichia coli and Bacillus licheniformis (obtained from the cq@f
lection of Bundesanstalt fur Fleischforschung = Kulmbach) .

Nutritive bouillon and agar were used as basic media whereas media with added ingredients
Wwere separately prepared. The selected ingredients were added to nutritive bouillon (having
NaCl content = 0,5% and a, = 0.9969) in such quantities as to obtain the following concen-=
trations: Nacl - 0.5%, 2%, 5% and 10%; NaNO3 - 0.05%, 0.1%, 0.5%, 0,733 and 1.0%; NaNo, + 3
NaNO, - 0.05% + 0.005%; 0.1% + 0.01%; 0.5% + 0.05% and 1.0% + 0.1%; polyphosphate (Tari PZ&
- 0.3% and 0.5%; and glycose = 0.5%, 1.0%, 2.0% and 3.0%,

In addition, "control bouillon" was prepared so as to have the same a, (0.9969) as nutritiﬁg
bouillon whereby such aw-value was achieved by adding the following quantities of individual
ingredients: 0,733 - NaNOj; 1.2 + 0.12% = WaNO, + NaNO,; 0.82% - Tari Pyyi and 3.42% - gly-_
cose., The Prepared media, in the guantity of 200 ml each, were poured into Erlenmeyer flasks
and sterilized at 120°¢ for 30 minutes. In all media, water activity was determined with an_‘
instrument produced by the Luft company (Stuttgart), registering the aw-value within the ran=
ge from 0.4 to 1, at temperatures between 0 and 4OOC, and the obtained results were checked

by a mathematical method defined by Mirna {11 ).

2. Examination of multiplication.~- All the selected microorganisms were examined simultaneousd]
and under the same conditions. Media for the examination of the influence of added ingre
dients on the aw—value and on multiplication of selected microorganisms were cultivated.
with 0.1 ml of the primary dilution of the known initial concentration, After 24-hour ifl
cubation in media of a different aw—value, cultures of selected microorganisms were hom?;;
genized and afterwards 1 ml amounts of each wedium were cultivated in triplicate on nubrds
tive agar. The bacteria count was read after incubation at 37°C for 24 ang 48 hours. Mead
value of three cultivated Petri dishes was taken as total bacteria count for each of the
examined microorganisms.
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r of definite concentrations of curing brine ingredients on water activity and
ce ‘

=2 tion of selected microorganisms is presented in Figures 1 through 5. The results
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tiot of bouillon from 0.9878 to 0.9420, effect the multiplication of Str. faecalis,
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of definite concentrations of sodium chloride on water activity and on mul=-

elected microorganisms show that concentrations of 2, 5 and 10%, namely wa-

g.coli and B.licheniformis. It can be said that at the concentration of 10%

;n a of 0.9420, Str.faecalis, Staph. aureus and E.coli do not multiply after 24-hour
w . o .
on at 37°c; already at the concentration of 5% NaCl, namely an a, of 0.97011, E.coli
£ sh ) ]
ned concentrations but considerably less at concentrations higher than 5% NaCl. The

ow growth. The most resistant microorganism is B.licheniformis which grew at all
pobtained for the concentration of 10% NaCl and an a  of 0.9420 agree with the lite-
ata (Leistner, Rddel, Bem, Tomdov) showing that the minimum ay value necessary for
.plication of Str. faecalis is 0.94. The same conditions do not allow multiplication
_aureus and result in the reduction of initial count, what differs to a certain de-
om the opinion of Scott, Bem, Tom&ov and Rdodel. In their opinion, this microorganism
multiplied at an ag of 0.91, On the basis of such statement it could be assumed that
tion to water activity in the substrate, there exist also an other simultaneous effect
py chlorine iones from sodium chloride as well as by the change of the osmotic state
1lon. The assumption that NaCl dces not influence the multiplication of microorganisms
change of a, only but due to other effects as well, is confirmed by the results ob-
in the examination of E.coli. In the literature (KRaran-Djurdjic¢, Leistner, Mossel) it
rted that multiplication of E.coli stops at a, 0.95. In our conditions of examinations,
, at a 0.97 obtained by the addition of 5% NaCl, the growth and reproduction of this

ganism was not established after incubation at 37°C for 24 hours.

nitrate reduces the aw_value of bouillon whereas it does not influence essentially the
gd microorganisms even at the concentration of 1%. Relatively low concentrations of
(0.05% and 0.1%), which change the aw—value of bouillon to a minimum extent, retard the
plication of Str. faecalis; such activity on Staph. aureus was expressed only at the
ntration of 1%, whereas E.coli behaved contrary to that and multiplied better at higher
mtrations, in spite of the reduced water activity. The behaviour of B.licheniformis was
at all the examined concentrations of NaNO3 regardless of different aw—values of bouil-
is probably the reason why- HadZi-Beganovié believes that the activity of‘NaNO3 on the

duction of meat microflora is not of any particular interest.

#alience of the combinations of different concentrations of sodium nitrite and sodium ni-

+ namely of the aw-value of bouillon, on the multiplication of selected microorganisms
fferent. Inhibitory effect of these combinations appeared only at the relation of 0.1%
+ 1% NaNOs, when the awmvalue of bouillon is 0.9922. E.coli is resistant to the least
t, whereas Staph.aureus, Str.faecalis and B.licheniformis are less sensitive. Multipli~
1 of the examined microorganisms was not observed in the control bouillon containing
NaN02 and 1.20% NaNO, and having the same aw—value as nutritive boullon (0.9969). These
ts speak in favour of the opinion that the activity of the combinations of nitrate and
te is due to a specific phenomenon of these salts and not the result of the water acti-
?FOmplex. Such opinion is advocated by Lange who ascribes the inhibitory activity to the
-FOCiated form of WaNO,. The obtained results are of greater interest from theoretical
POInt of clarification of water activity effect on the ability of multiplication of mi-
'rg&nisms examined in this work than from the standpoint of practice, because efficient
Etrat%OHS are 10, namely 100 times higher than the quantities used in meat curing brines.
tl1e2§' in concentrations from 0.3 to 0.5%, did not influence more essentially the change
w Value of bouillon, and its inhibitory activity was slight in all the examined mi-

Pl .
9anjgyg, The polyphosphate concentration of 0.5%, at the bouillon aw-value of 0.9963,




retards to some extent the growth of E.coli. Its concentration of 0.82% {eontrg)

bouyiyg
retards very efficiently the growth of Str. faecalis, E.coli and B.lichaniformis_

Th

many reasons for the statement that the activity of that quantity of Polyphosphate o:zq
reduction of the growth of the examined microorganisms is the result of a Specific ach'
of certain fractions of this complex chemical composition, because the a,~value
here 0.9969, namely the same as in nutritive bouillon. Total bacteria count of 131 the
mined microorganisms is 100, namely 1000, and even 10000 times lower than in the Correg

; o
ing nutritive bouillon after 24-hour incubation at 37%%C.

The examined concentrations of glycose did not reduce nore essentially the a,~value of p
1lon and the majority of the examined microorganisms grew well in its presence althougy
behaved differently. Str. faecalis bears well higher concentrations (2-3%) ang E.coli
better growth at 1% although even the quantity of 3.42% (control bouillon) does not ingy
more considerably its reproduction. All the examined concentrations of glycose reduce a1l
identically the ability ef Staph. aureus to multiply. B.licheniformis bears better the ”;,
mum quantity of 0.5% as well as the quantity higher than 3%, in relation to concentrati.qf
from 1 to 2%, The literature data are to a certain degree contradictory to these resultsé‘
Bem et al. explain the inhibitory activity of glycose by the change of the substrate a;
lue. In the opinion of Lange, the activity of glycose is dependent on the examined cong
tration and the microocrganism kind. Some microorganisms are protected by its activity ang
enabled to multiply better whereas the others are inhibited.

The comparative review (Figure 6) of the growth of selected microorganisms in control bow
lon, the same a -value of which was achieved by the addition of different guantities of
examined ingredients, shows significant differences in reproduction.

These results show that the a,~value of 0.9969 is not necessarily favourable for the growth
of microorganisms if curing brine salts, namely polyphosphates or glycose, are used instead
of usually applied ingredients.
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Fig.1. Influence of common salt sodium nitrate, concentrations of NaNO. and NaNO,, Tari Fzzl
and glucose on a, and on multiplication of salected microorganifims,

Fig.2. Multiplication of selected microorganisms in bouillons having equal a,~value adjusted
by the addition of different guantities of the examined ingredients. i
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