








and there are probably furnished by bacterial enzymes.

Ripening at room temperature establishes a suitable 
environment for the development of all the bacterial species 
likely to be encountered. Increase in the coliforms is re­
latively much less than the increase in the total bacteria 
content. Since it was impossible to obtain an accurate eva­
luation of the proportional relationships between the diffe­
rent species with the exception of the coliforms, an estimation 
has been based upon growth properties and morphological charac­
teristics.

During the ripening phase, the flora was qualitatively 
uniform and consisted largely of micrococci and several types 
of Gram-negative rods. The Gram-negative bacteria could be 
classified as Enterobacteriaceae, Achromobacteriaceae and 
Pseudomonadaceae. Only a few Bacillaceae were' encountered in 
the samples. Of the Gram-positive anaerobic spore-formers»Clos­
tridium perfringens was the only species specifically looked 
for with negative results on all occasions. In addition to the 
bacteria listed above, some Gram-positive coccoid rods belong­
ing to the Lactobacillaceae were seen. During smoking, there 
are extensive changes in the character of the flora. Most or 
practically all the Gram-negative bacteria and some of the 
micrococci disappear leaving the flora dominated by short, 
Gram-positive coccid rods, an observation which agrees in part 
with L e r c h e ' s ( 6) results. A large number of strains were 
isolated and studied both morphologically and biochemically. 
Special attention was paid to the Gram-positive coccoid rods;
92 such strains were investigated.

These appeared on the primary blood plates after
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2 to 3 days incubation as small, partially transparent, 
slighty convexed colonies surrounded by a distinct haemolytic 
zone. This zone can be described as o i-haemolysis but on 
occasion the zone has a distinct greenish colour when examined 
against transmitted light. In smears from the primary colo­
nies, the organisms appear as very short rods and since they 
often occur in chains, they are difficult for the inexperi­
enced to distinguish from streptococci. For tabular presen­
tation, the strains isolated have been grouped according to 
their fermentation properties.
A. form large, often mucoid colonies on 5 per cent saccharose 

agar
a. ferment lactose with acid formation
b. do not ferment lactose

B. form small, clear, greyish-white colonies on 5 per cent 
saccharose agar

a. ferment glucose with acid formation but not lactose
b. ferment glucose and lactose with acid formation.

The fermentation reactions listed here were carried 
out in a standard manner, i.e. as single series in fermenta­
tion - tubes containing nutrient broth (pH 7.2) with 1 per 
cent of the particular sugar or alcohol added. The other bio­
chemical reactions were also carried out in a customary manner. 
Incubation was at 30°C and readings were made on alternate 
days during 14 days. The biochemical properties of the Gram­
positive coccoid rods are summrized in table 2.
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Table 2
Group Aa Ab Ba Bb
No of strains 6 34 25 27
Gelatin 0 0 0 0
Nitrate 0 0 0 0
Indol 0 0 0 0
Arabinose 6 0 3 14
Glucose 6 34 25 27
Dulcitol 0 0 0 0
Inulin 0 0 0 0
Lactose 6 0 0 27
Maltose 5 34 25 27
Mannitol 4 1 1 17
Salicin 4 5 9 20
Saccharose 6 28 18 21
Sorbitol 3 2 1 16
Aesculin 4 13 7 20
Levulose 6 34 25 27
Mannose 6 31 24 26
Trehalose 5 8 6 24
Galactose 6 25 21 27
Raffinose 2 0 0 8
Litmus milk :
Acid and Red. 2 5 3 18
Acid 3 18 15 9
No reaction 1 10 5 0

According to these results , the Gram-positive coccoid
rods on the whole fit in the genus Leuconostoc as described
in Bergeys Manual, 7th j 7 ed.. Since biochemical variations have
often been noted among the different Leuconostoc species, a 
definite typing of the strains isolated is not possible. The 
biochemical and morphological properties in table 2 permit a 
rough equivalation between leuconostoc mesenteroides and type 
Aa, Leuconostoc dextranicum and type Ab and Leuconostoc 
citrovorum and types Ba and Bb.
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Of the strains of micrococci isolated, 45 could 
not be grouped according to the reactions described in 
Bergeyé Manual. It can be pointed out that the sausages 
contained a large number of micrococci strains. As for the 
Gram-negative rods, with the exception of the coliforms, the 
35 strains isolated and studied biochemically were evenly 
distributed between the genus Achromobacter and the genus 
Alcaligenes. A few samples also contained strains belonging 
to the genus Flavobacterium.

Streptococci were encountered in these sausages 
although to a lesser content than the short Gram-positive 
rods. They were extremely difficult to identify solely by 
colonial morphology since the colonies resembled those of 
Gram-positive coccoid rods. Some samples were examined for 
the presence of faecal streptococci using Packeré crystal 
violet and sodium azide agar. From 100 to 1000 bacteria per 
g of this type were counted and there were no remarkable al­
terations during the manufacturing process. At an incubation 
temperature of 39>5°C, Packers medium is considered to be se­
lective for faecal streptococci. Two hundred streptococcal 
colonies were transferred from this medium to nutrient broth 
at pH 9.6. Most strains were capable of growth at this high 
pH level, an indication that they probably were in fact faecal 
streptococci.

Available reports indicate that Gram-positive rods 
are present in large numbers in cold-smoked meat products 
(1, 2, 3). This observation was also made on the correspon­
ding Swedish products. The significance of these bacteria 
for quality of the finished products is not clear. Judging 
from studies which have been carried out, the enzymatic ac-
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tivity of these bacteria upon protein and to a certain ex­
tent fat seems to be weak. Activity upon carbohydrates and
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alcohols on the other hand, is much more evident. In a 
few trials dealing with the realtionships between these bac­
teria and other species it appeared that in some concentra­
tions they are capable of inhibiting to a degree at least 
the growth of Escherichia coli but have no inhibitory effect 
upon Salmonella typhi murium.

To summarize these investigations, then, the normal 
bacterial flora in cold-smoked Swedish medvurst is largely 
composed of Leuconostoc species and that these may be present 
in numbers as great as several hundred milions per g. The 
major growth of these bacteria takes place during smoking, 
a process which offers a practically optimal temperature for 
growth. Growth is also facilitated by the concomitant dec­
rease in the pH-level since according to Bergeyfe Manuel, 
these species thrive at pH walues about or below 6.

The number of other bacterial species present in the 
raw sausages stuffing are reduced to varying degrees during 
manufacture to give count of less than 100 000 per g. Micro­
cocci are reduced, especially during smoking, and at the same 
time the Gram-negative rods are to a great extent inhibited 
or killed. The coli-aerogenes group, often present in raw 
sausages stuffing, are also greatly reduced or killed during 
smoking. If the coliform count in raw sausages was less than 
1000 per g these species could not be detected in the final 
sausages with the method used here.
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