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SUMMARY

The microbiological, physico-
chemical (pH, drip) and sensory
changes of an emulsion type of
sausage stored in vacuum, 100% N,
30% COp + 70% Np, 50% COp +

50% Np, 70% COp + 30% N» and

100% COp atmospheres at 4°C, were
studied. The total aerobic count
reached 100 cfu/g after 17 days in
vacuum and after about 27 days in
modified atmospheres. The spoilage
flora was dominated by homofer-
mentative Lactobacillus spp..

L. alimentarius dominated in vacuum
and 100% N, while Lactobacillus
groups C, D and F dominated in COp
concentrations >30%. A1l sausages had
an acceptable flavour after 40 days
of storage. Before any defects in
flavour were noted, the sausages were
judged unacceptable due to the
formation of slime. The amount of
drip varied from 4-5% in 100% Co,

to 0% in 100% N»p.

INTRODUCTION

Emulsion sausage stored in 100% CO,
at 4°C may achieve an extremely good
shelf-1ife (Blickstad & Molin, 1983).
However, due to the dissolving of

COo in the sausage leading to
swelling, modified atmospheres with
mixtures of COp and N, may be
preferable. The effect of N» on the
shelf-1ife of emulsion sausage varies
from no advantage over vacuum

(Simard et al., 1983) to an effective
reduction in the growth rate of
spoilage bacteria as opposed to
vacuum (Blickstad & Molin, 1983).

The present study reports on the
changes in microflora, pH, drip and
flavour scores during 50 days of
storage at 4°C in vacuum and modified
atmospheres with varying C0, and
No-concentrations.
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MATERIALS AND METHODS
Experimental design |1 naM
The details of the comD051t7on
the processing of the emulsl re
sausage ("falukorv") studié -
given by Borch et al., (]98826539%
Sausages with retained Natu’’ sk
(Tripasin, Malmd, Sweden) Wefoio”
in gas-impermeable film (Lamﬁe/

A 15/9/75, a polyamid/ aluf®
polyamid/polyethene film;

JHeo
permeability at 1 atm, 75%’R
25°C: 0p, <0.02 ml/m?/24 h; ot
C0p, <0.1 m1/m2/24 h; Otto ) it

Nielsen Ltd., Lyngby, De”marpad'w
one sausage of 550 g in eac 4mb)a
The pouches were evacuated

then either sealed direct]y.tha
(vacuum-packed) or filled W!
precise mixture of COp an .
(100% Np; 30% COp + 70% N2:
50% COp + 50% Np; 70% CO2 *
30% Ny; 100% COp). The he
in the modified atmospheré "o
about 3 1. During storage 2
sausages were subsequently
for analysis.

Microbiological analysis
Slices (30 g) were cut th
casing and sausage. The S8
homogenized and analysed fo
aerobic count (TGE ag?;éA agar%far
lactic acid bacteria halsnp
pH 6.2), Brochothrix zﬁgﬁﬁ92fz/ﬁﬁ \
(STAA-agar), Eﬂiﬁﬁggg&iﬁﬁﬂaﬁ/gﬂyrj
agar), yeast/moulds (PD 298"’ (19

as described by Borch et 2~ eal
Two sausages were examiné
occasion.

Identification ta1ae
Isolates were picked at tofu/g
counts of 5.3 to 6.9 109 C;ed
the duplicate TGE plates ”t15
total aerobic count - abo! ach
isolates were picked from 1
A1l isolates were in1t1a]1y
for Gram reaction, catalad®
at 22°C, morphology, acid 2311
from glucose in MRS fermen ar 8,
broth and growth on STAA ag19?%
described by Borch et é]"ositﬂd'
Isolates which were Gram'Png 35151#\A
catalase negative, produc?ng on
from glucose and not grow! wert
(i.e. lactic acid bacter??



th

fu

:
We

P he
]aNOHr Chéracterized by assimi-
t“ts; aCid production and other
(1989 described by Borch et al.,

Numerical analysis

In order to group and identify the
isolates, a dendrogram was
constructed, based on the simple

REference strains included in the numerical analysis.

Name and originz)

Lactobacillus

sp. SMRICC 247, homofermentative

Carnobacterium piscicola SMRICC 185

Carnobacterium divergens SMRICC 198

Lactobacillus

Lactobacillus

Lactobacillus

Lactobacillus

sp. SMRICC 248, homofermentative

Leuconostoc sp. SMRICC 188
Leuconostoc sp. SMRICC 206

sp. SMRICC
sp. SMRICC
sp. SMRICC

222, homofermentative
231, homofermentative

223, homofermentative

Carnobacterium piscicola SMRICC 197

Lactobacillus

Lactobacillus

Lactobacillus

Lactobacillus

sp. SMRICC
sp. SMRICC
sp. SMRICC

236, homofermentative
249, homofermentative

238, homofermentative

Leuconostoc sp. SMRICC 215

sp. SMRICC 194; homofermentative

Carnobacterium divergens SMRICC 186

Lactobacillus

Lactobacillus

Lactobacillus

Lactobacillus

sp. SMRICC 250, homofermentative
sp. SMRICC 251, homofermentative
sp. SMRICC 235, homofermentative
halotolerans DSM 20190T

Lactobacillus

minor DSM 20014T

Lactobacillus

viridescens DSM 20248

Lactobacillus

confusus DSM 20196T

Lactobacillus

plantarum DSM 20174T

. : T
Leuconostoc mesenteroides ssp. cremoris CCM 2078

Lactobacillus

viridescens CCM 56T

Lactobacillus

sake DSM 20017T

Lactobacillus

alimentarius DSM 202497

g Sorep o and cluster numbers refer to the major clusters
u n

Ofeastrain
. oto g
SMRI

d Molin (1988). In the present study a prefix R
enote these reference strains.

£ :
* Swedish Meat Research Institute Culture Collection

€utsche Sammlung von Mikroorganismen
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matching coefficient (Sneath, 1978)
and clustered together with the
unweighted pair group method using
arithmetic averages (Romersburg,
1984). In the numerical study, 28
reference strains (Table 1) were
included. In total, 196 strains were
clustered using 23 characters.

Drip

The drip, i.e. free meat-juice in the
pack, was weighted and calculated as
a percentage of the sample weight.

Sensoric analysis

Thirteen experienced tasters scored
samples for flavour, rating them on a
9-point structured scale (1 - very
bad to 9 - very good). The samples
were not heat treated before being
presented to the tasting panel for
evaluation.

The point of slime formation was
recorded by a laboratory technician.

RESULTS AND DISCUSSION

Microbial analysis

The bacterial growth of emulsion
sausage ("falukorv") stored in
different gas atmospheres at 4°C is
shown in Figure 1. The total aerobic
count reached 106 cfu/g after

17 days in vacuum and after about

27 days in the modified atmospheres.
The microbiological shelf-1ife was
thus increased by 10 days in modified
No+CO, atmospheres, as opposed to
vacuum. For another type of emulsion
sausage ("prinskorv"), Blickstad and
Molin (1983) reported an extremely
good microbiological shelf-1ife in
100% COp; no increase in total
aerobic count was detected during

7 months of storage at 4°C. For yet
another, but similar type of sausage
("wienerkorv", identical to
"prinskorv" although longer) the
total aerobic count reached 3.5 Tog
cfu/g after 60 days of storage in a
50% COp + 50% Np atmosphere while
6.0 log cfu/g was reached after

22 days in a vacuum-pack, at 8°C
(Benny Landén, unpublished results).
No significant difference in the
microbial shelf-1ife of frankfurters
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Figure 1. Total aerobic 50“2551”
emulsion sausage stored a
®, vacuum-pack; A, 100% 5%
A, 30% COp + 70% Np; O, 9
C0p + 50% N . o, 70% €02 *
30% Np; m, {00% COp. P
ym
was found when comparing Vgg?
100% N (Simard et al. 19 d
Thus, the effect of m0d1f1e5d
N2/C02 atmospheres, as OP
vacuum, ranges from null
significantly increased 5 :
prolonging effect. It was
by Blickstad and Molin (I i
water activity/drip may
controlling parameter. FO*  nc
the present study no d1ffg whw'w
bacterial growth was fOU” dr

10

comparing atmospheres wit g ’5hn
(100% Np) with those havi" betw
drip (Table 2). Dwfferen / ﬁ

other attributes of prinsk
wienerkorv and falukorV 8 y
permeability, NaCl + NaN Zof 18!

concentrations and amount i t?:&
headspace/g of product dh 1 /”hﬂ
the differences in the ;a tor?EtM

obtained. However, one
needs to be further evalu? in 0o |
type of casing used; nat¥i . na™ |
was used for falukorv, ¥
casing was used for pr?
wienerkory.
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Tab‘m.

Microbia) counts, pH, drip and flavour scores of emulsion

Sausage stored in vacuum or modified atmospheres at 4°C.

Gag

a
tmoSphere . .
Lactic acid
bacteria
(log cfu/g)

Storage Total aerobic
time count
(d) (log cfu/g)

~

Flavour
score

pH Drip
(w/w,
%
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mygaﬁgg%hﬁli thermosphacta,

gy werzr1aCeae or yeasts and

% dectected (detection

E{Q) during storage. The
ed 1C acid bacteria

0 we he total aerobic count
Men. ks of storage (Table 2).
P@ :;Ficatior
) ot
Eiﬁmﬁgliiﬁ\f]ora consisted of
$rmfen theus SPp.. The relationship
%Owthe dif]aCtODaci11i isolated
rwe”i Fi ferent gas atmospheres is
Lact"e"c‘e Sure 2. Among the type
magmaci]itrains included only
DSMg ang uS alimentarius DSM

20196T LaCtObaci11us confusus
could be grouped
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together with the sausage isolates.
The L. alimentarius group comprised
48 strains, among them_ L.
alimentarius DSM 202497 Group A
consisted of four homofermentative
Lactobacillus strains. Group B
consisted of 14 homofermentative
Lactobacillus strains including R60
and R80 which belong to the
unidentified cluster 12 of Borch and
Molin (1988). In groups C, D and E
44, 22, and 23, respectively
homofermentative Lactobacillus
strains were included but no
reference strains. Group F consisted
of four homofermentative strains
including R2 and R82 from cluster 4
(unidentified) of Borch and Molin
(1988).
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L.alimentarius

Figure 2. Simplified dendrogram showing the relationship between
lactic acid bacteria of emulsion sausage.
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dygs. -l
(E]Wmd’ta% of the strains could be
ﬁﬁ' ang two of the clusters
%rm°Hn (]]2) in the paper by Borch
WW?nS(BS 988). A major part of the
b the Fe%) was not identifiable
dﬁdmbb - erence strains included.
oy Bacte of identifying lactic
o duct irWa from meat and meat
W%’]983§ We”_—known (Reuter 1975;

). 3 Morishita & Shiromizu,
WB& &Harg?ca] taxonomic studies
Wi).i i ng, 1984; Borch & Molin,
um§1s th ate that the reason for

e .
0Ccurrence of hitherto

QVe
Dééwmci;?d/va1id1y described
Uets™ US, spp. on meat and meat

| L

NEAL
I ]mEnt .
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l m
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Figure 3. @, Total aerobic count
and m, flavour score of emulsion

sausage stored at 4°C in vacuum-pack.

Lactic acid bacteria may form slime
from sucrose (Sharpe, 1962; Borch &

Molin, 1988). In the present study,

65% of the isolated lactobacilli

(homofermentative strains) were able
to do so. However, strains being able
to form slime from sucrose could be

isolated from sausage which wasn't
s1imy (Table 3). Moreover, the

sausage type studied does not contain
sucrose. C.nsequently, in the present

study, the source of the bacterial

production of slime was not sucrose.
These observations are in accordance

with Korkeala et al., (1988) who

reported that slime may be formed by

homofermentative lactobacilli from

some other carbon source than sucrose.

Physico-chemical changes

The initial pH of the sausages was
6.0 (Table 2). During storage, the
decreased by 0.6 pH units in 100%
COp, 0.2-0.3 pH units in
atmospheres with pH 30-70% COp and
not at all in 100% No.

pH

The drip, i.e. free meat-juice in the

package, was affected by the

atmosphere used and increased in the




following order; 100% N> (no drip)
< 30% Cop + 70% No 50% COy

+ 50% N2 70% C02 + 30% N2 <
vacuum < 100% CO, (4-5% drip).

CONCLUSIONS

* The microbiological shelf-life of
emulsion sausage was extended in
modified Np + CO, atmospheres,
as opposed to vacuum.

The gas mixtures used were equally
good with regard to microbiological
shelf-1ife but differed with regard
to the effects on pH, drip and
point of slimy spoilage. Modified
atmospheres with 100% N, gave the
best result, followed by modified
atmospheres with an initial CO,
concentration <50% .
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