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SUMMARY

Inhibition caused by potassium chloride was similar to
that of sodium chloride at otherwise optimal conditi-
ons. Divalent metal chlorides ,might,however,show a
stronger inhibition, and so might potassium chloride
at suboptimal temperature or pH.The results indicated
that substituting an organoleptically acceptable part
of NaCl with KC1 in meat products would be possible.
This would be necessary if one cannot maintain a Jow
temperature throughout the storage period of vacuum-
packed,cooked,cured meat products. The results showed
that at low temperature the organoleptic quality of

a Bologna-type sausage was slightly influenced by a
flora shift depending on salt concentration.At higher
temperature ( 5 and 109C),however, rapid growth of
especially Gram negative bacteria may result in a fast
deterioration of the product. Thus, temperature con-
trol is essential.

The minimum water activity of a number of bacteria was
shown to be dependent on the type of chloride salt.Di-
valent cations inhibited at much higher water activity
(a ) values than monovalent cations. The minimum ay
controlled with KCl was generally similar to NaCl.

INTRODUCTION

The objective of the study was to determine the influ-
ence of salts (metal chlorides) on bacterial develop-
ment.Previous studies were done by replacing part or
all of NaCl in model systems i.e. broth culture and

meat emulsion experiments (Nielsen and Zeuthen 1987)
and in Bologna-type sausage produced under commercial
conditions (Nielsen and Zeuthen 1986 ).The model
studies were carried out at fixed temperature and

pH, and at a concentration resembling the amount of
NaCl used in commercial products. In this study a few
organisms were examined at several pH values and tem-
peratures. Further, the minimum a, for growth at op-
timal temperature as influenced by type of chloride
salt was examined.

For several years there has been a demand for meat
products produced with reduced amounts of salt. As
NaCl cannot totally be replaced with other chlorid-
salts , primarily KCl , studies must be done on pro-
ducts with reduced NaCl concentration without sub-
stitution. Thus, microbial development in three bat-
ches of Bologna-type sausage with different salt
levels was examined.

MATERIALS AND METHODS

Microbial development of Staphylococcus aureus,Brocho-
thrix thermosphacta, Salmonella enteritidis and Ba-
cillus cereus was followed using OD measurements at
450 nm of broth cultures. The broth media consisted
of 1 g tryptone and 0.6 g yeast extract per 100 g
water. The levels of salts were (mol/kg water ),

NaCl 0.68 , KCL 0.70 or MgCl, 0.45. The ay values of
these models were 0.974-0.975, as determined on
Novasina Equipment (Novasina AG,Switzerland ). The
instrument was calibrated using saturated salt solu-
tions. pH was controlled with 1 N HCl. Growth at
minimum a, was followed using the same medium with
addition of NaCl, KCl, MgCly or CaClp, (g/100g water).
pH was controlled with 1N HCl and NaOH. Water activi-
ties were measured using the Novasina equipment.Broth
cultures were inoculated with typically SQLQ in 50 ml
broth,using an organism in logaritmic growth.Concen-
trations c. 104-5 x 104 /ml. Cultures were incubated

at temperatures appropriate for the organlsm.srowi
was determined visually , and by spreading on plf
count agar. Bacteria used were B.:l'lerrncsphac:a,5‘3r
ratia liquefaciens,B.cereus, S.aureus, Yersinia e’
rocolitica and Salmonella typhimurium.

The experiment with Bologna-type sausage was doné
using three batches of sausage with carefully con”
trolled addition of water and sodium chloride. Thé
intended salt concentrations in the water phase wet
4 , 5 and 6 %. A standard recipe was used in prod!’
cing the sausages ( with an added amount of sodiuf
nitrite of 60 ppm ).

Sausages were pasteurized in a steam cabinet +o &
center temperature of 70°C. After cooling, the sau®
ges were sliced at a commercial manufacturer and
vacuum-packed using a film with a 0, permeability %
52 cm3 m=2 24hr 1 atm at 75% RH and 25°C.Packages ¥
stored at 2, 5 and 10°C, and examined for total ¢
on plate count agar ; lactics on nitrite actidioné
polymycin agar (Davidson and Cronin 1973); B.thers
mosphacta on streptomycin sulphate thallous acetaﬁ,
actidione agar (Gardner 1966); Gram negative bacté’
on desoxycholate hydrogen sulfide lactose agar (M?ﬁ
and yeast on all purpose medium with tween (Difco!
with 100 ppm oxytetracycline added. The content 0f
the packages were also examined organoleptically: ?
a taste panel evaluating odour and overall accepﬂa?
lity.Moisture (Anon. 1955) and chloride contenz (A"
1974 )was determined on fresh sausages.

RESULTS AND DISCUSSION
Staphylococcus aureus grew equally well with NaCifw
and MgCl, at pH 6.0 and 5.5 at 37°C (Fig.l) . Red"”
cing the incubation temperature had little 1:flu€ﬂ?
on growth, but at 10°C, a temperature more appropry
ate for refrigerated meat products, growth was somé”
what inhibited with KCl and even more with MgCl2-
B.thermosphacta grew irrespective of chloride sal®
at pH 6.0 (and 6.3,not shown ) at 2°C.However, Fe?%
cing pH to 5.5, inhibited growth in a manner simi*®
to S.aureus (Fig.2).

Salmonella enteritidis (not shown ) developec eg
well with NaCl and KCl at 20oC (pH 6.0 and 5.%
100C, there was a.small inhibition due to XCl, as i
was found with other bacteria. No growth was obse’
at any temperature with MgCly. Bacillus cereus ang
shown ) did not develop with MgCl,. At 20°C, but ﬂf
at 8°C, the bacterium grew at a pH of 6.0 with NaC*
and, after a longer lag period with KCl as well.
The OD measurements clearly show that although ch*’
ride salts and pH values may not have any inf;ueﬂ?
on bacterial growth at optimum temperature, reduCln
the storage temperature make the combination of
inhibiting factors more effective,i.e. there is &
stronger inhibition when NaCl is replaced with oth®
metal chlorides or if pH is reduced at subop:;m21’/

temperatures. It has been shown in other studies ;;
sodium replacement may have an effect at refrigera'
temperatures (Nielsen and Zeuthen 1987 ). -
The study on minimum a, for growth did not show an;/
difference between NaCl and KCl, the minimum a, ?}
wing growth was similar for the two salts, for aft

the 30 different bacterial strains tested. Resul®,
from other studiés vary, growth of B.stearothermop%,
lus took place equally well with'NaCl and KC1 \Aﬂagt
stopoulos and Sidhu 1981 ). but Clostridium perffl?
gens grew at lower ay values with NaCl than with &3
(Bartsch and Walker 1982 ).Minimum a, for growth W;
the divalent cations was far higher than for the T¢
novalent cations (Table 1 ). This is consistent ¥ g
the inhibition observed at low levels in model SY?“;
(Nielsen and Zeuthen 1987) at refrigerated and mod®

tely abusive temperatures.However, it does no= Sefk
possible to rely on bacterial inhibition through * y
presence of divalent metal chlorides, both for 555&
logical and organoleptical reasons.Some bacteria al”

.
inhibited at very low levels,which could be used *
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?323731 chloride salt mixture (Nielsen and Zeuthen
wuch' It is obvious firom the table, that bacter}a
Met. 8row at high salt concentrations of monovalent
né:iLOHS will also grow at.rela:ively high concentra-
Mosph O{ the divalen§ metallonsvEs.aureus,E.ther—
Owéracua,J’ reflegtlng a capability gf developing at
Altpg 8, irrespective of the ay, reducing compoundT
Of" Ugh B.thermosphacta grew at a salt/water ratio
5ac*é6.% (ay 0.950 ), this is surprisingly high *his
foars Tlum is generally considered fairly salt resis-
:hé“ However, 9 strains were tested with more or less
COrpzame result. The minimum a, for growth of S.au?eus
Man 7:Donds with oﬁhe{ studies (Notermap and Heung—
muri; 83.?, and this is also the case w;th S.typhi-

M which grew at a a, of 0.951 , which is a value

*4ar to B.thermosphacta. Yersinia enterocolitica

S sf ‘:y at a, 0.962 upde; aero§1c conditionszhis
Olog:llar to results obtained with vacuum-packed

4, where no growth was observed at a concentra-
08 g o l.1m NaCl at 2-12°C (Nielsen and Zeuthen 1985)
The hr % NaCl in bro?? cultures g Sternvet al..1980).
grey aéminegative.spzniage bacterium S.llquefac1en§
Q,gani“ L?W a values controlled by NaCl or KCl.This
Mea+ Sm is observed fairly often in cooked,cured
In .. Products.
CEn;P: TEEt product models, the sodium chlor;de con-
‘~“e tion comprised 2.2 %, 3.0 % and 3.8 % in the
of = batChes, corresponding to salt/water ratios
leVe;a % ; 5.1 % and 6.4 % respectively.These salt
ang 55 Correspond to water activities of 0.98 ;0.97
. 7+963., Instead of giving the 45 growth curves
Qmi:scomp?ise ?he results of this experiment, g few
mltbob-Of logarithm gf number of days to a specific
Inie. ral number (10°/g ) at 2 , 5 and 10°C are shown.
Coééia;ly total numbers,consisting mostly gf micro-
e, 1oé/B~thgrmosphacta and yeast , were quite low,
totay g. F}g‘ 3 shows that the.tlme tg 1 mill/g of
This aerobic bacteria varied little with salt level.
appened rather quickly at 10°C, but very slowly
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thr,

at
saltC‘LaCtic acid bacteria were highly affected by
1ncpg:“§ temperature. 1 mill/g was reached after
centrai?ﬂg storage time with increasing salt con-
g 1lon.The effect was highly influenced by sto-
Deg *QemPerature. Brochothrix thermosphacta develo-
cu?vés high numbers (above 10°/g ) in all series.The
ley (b‘for ;alt/water ratios 3.8 and 6.4 are paral-
:hes;lg.S)' i.e. increasing salt concentration has
Curye :e effect at all temperatures. At 5°C, the
£ f@8s a different slope,the numbers are probably in-
dig nofd by other bacteria. Gram negative bacteria
tempe““ develop at a salt/water ratio of 6.4 at any
Rip.  2ture; at lower salt concentrations growth to
Ony :meEFS happened at 5 and 10°C, but not at 20C.
ga‘ivehba salt/water ratio of 3.8, did the Gram ne-
acteria grow to high levels at all temperatu-

(F

of lodig'S ) .The yeast grew in all series to levels

“Ueng

=
conceh* /g; they were only slightly affected by salt
Nup, ‘ration.
De
Se 4. 'S Of days during storage to a definite decrea-

hj hn*odOUF scores were highly influenced by salt at
at 6Em96rature, but completely unaffected by salt
Meee \Pig 7 ).
Cent'otﬁi aerobic count was not related to salt con-
5acterFl°n- However, total counts covers a range of
Othe Slal groups, some of which dominated at low,
dopy, 3% high a, values. At high salt content,the
Wazehu“lng group was micrococci, especially at salt/
ag i\tatio of 6.4 at all temperatures, but also at
?uriné/ZEYEF ratio of 5.1, especially at 2 and 5°C
35‘ 5 :he first 6 weeks. At a salt/water ratio of
:lgra 'fhermosphacta grew rapidly and dominated the
lage, ¥ithin a week at 2 and 50C.However, they were
C. 3 WOVergrown by the Gram negative bacteria (after
Yive Seks storage ). At 10°C, growth of Gram nega-
*he ~.2Cteria was abundent. These bacteria dominated
Stob‘lora after 1 1/2 weeks storage.The packages were
*at'Onfor 1 1/2 to 3 month depending on salt concen-
and temperature. The lactics also grew to

quite high numbers, but in most cases they did no%
dominate the flora. The figures indicates why.At high
salt concentration,and to a lesser extent also at in-
termediate concentration,micrococci developed fast
and dominated the flora. At lower and intermediate
salt content B.thermosphacta grew rapidly and domina-
ted for some time.Afterwards the batches were in
enced by rapid growth of the Gram negative bacteria,
especially at salt/water ratio of 3.8 and at 10°C
also at salt/water ratio of 5.1

Although the composition of the total flora varied
with salt concentrations at 2°C ,this had only small
influence on the organoleptic quality, probably
because the microbial activity was slow at this tem-
perature, irrespective of the flora.

CONCLUSION

The model experiments showed that replacing NaCl with
other metal chlorides may be beneficial at otherwise
suboptimal conditions, but replacing NaCl especially
with KCl is without effect at otherwise optimal condi-
tions. This is also the case with minimum a, values
for growth; replacing with KClat optimum temperature
gives similar results, while the divalent cations
inhibit growth at high ay. This and other studies have
shown that substituting NaCl with KCl generally has
little effect on growth. Reducing NaCl levels in
vacuum-packed cooked,cured meat products may highly
affect microbial growth and quality of the product.
Especially at high temperature (- 10°C) organoleptic
quality will rapidly decrease when Gram negative
bacteria are present. Keeping a low temperature
throughout the storage period ( 2°C ), will not in-
hibit growth of these bacteria or B.thermosphacta,

but this does not seem to have any great effect on

the organoleptic quality. Thus, reducing the salt
concentration is acceptable only when maintaining

a low storage temperature.
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Paiis
table 1

Aloride salt.

1. water activities controlling development

of bacteria as

influenced

loride sait NaCl KC1 MgCl, cacl,
5’3wt‘p 0T LA i + / = 30 -
SI-iquefaciensﬂ. 0.949/0.946  0.949/0.946 0.991/0.982  0.989/0.982
E‘fhermosphactaz 0.951/0.948 0.952/0.947 0.977/0.966 0.974/0.967
?~Ehermosphac753 0.948/0.944  0.949/0.943  0.966/0.960 ND
f'en°€“0coilzlca’ 0.962/0.957* 0.961/0.957* 0.984/0.978  0.989/0.980
S:Cereygd 0.959/0.953 0.959/0.952 0.990/0.982 0.992/0.981
f‘aUPeus6 0.867/0.858* 0.868/0.857* 0.949/ND 0.967/ND
i'aur5u57 0.875/0.867* 0.876/0.869* 0.960/ND 0.9€6/0.960
¢~typhimurium8 0.950/0.947 0.953/0.946 0.984/0.979 0.989/0.984
12
f Strain;a 5 strains ;3 4 strains including ATCC 11509;4 8 strains inclu-
“lng 2900 57700 1% 5 wtraine 7Ry strain; / 4 strains;° 2 strains.ND not

dohe * g . 2
* @erobic incubation.
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