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Sa”bfeason had no effect on the keepability of
Smﬂa'urters. Only the flavour points of 4 week old

merges stored at 7-8°C 1n summer were significantly
at agpthan the points of 4 week old sausages stored
an: in summer and at 4 or 7-8°C in Wénter‘ The
op ; 'Urters stored for 4 weeks at 7-8 C in summer
> st;ly;zei were no longer suitable for sale. Season
Qg s S emperature did not affect the bacterial
S S determined.
o r{”@ time caused more of an effect than the season
mmntﬁorlng temperature on the keepability and on the
e S of pacteria. The flavour points of 4 weeks old
31gna?es stored at 7-8 C in summer and in winter were
Weg,  iCantly lower than the flavour of respective 1
Wé; 0ld sausages. Usually the bacterial counts of 4
th ‘S 0ld sausages were significantly higher than
The Dacterial counts. of one week old sausages.
%Ctef?ankfurters contained about 1/10 thermotolerant
Tia in their total bacterial count. '
she Was ghown that in particular special attention
raUld be paid to the keeping temperature of
Nkfurters in summer.
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Q?E 8Mount of informations regarding the total numbeg
Acteris in cooked sausages varies from unger 10

(Dgag (Whiting et al. 1984) to over 10 cfu/g

Paly, ®l1 and Board 1968). The bacterial numger of
Mbo ' s (1974) experimental  sausages 9 x 10 cfu/g

"Eeir manufacturing and 9 x 10  cfu/g after storing 3
S can be regarded as typical in cooked sausages.

A

&Qording to many scientific workers lactobacilli are
AQCD b%ggest bacterial group in cooked sausage.
Can rd?ng to Reuter (1969) the nymber of lgctobacllll
ang _1Se during 2 weeks over 107/g at 4-6 C. Mantel
1n§_1B§Ck proved that it is changing on the level of
Ndj cfu/g, while Daelman and Hoof (1977)» have
WEFCEtEg that the number of lactobacilli can rise to
Ppeg . cfu/g during 3 weeks at 10 C but dis-
tEr:rlng entirely at a 4°C. Microbacterium
H?saosphectum is, according to Dowell and Board
bact ’ being according to the most important

al eflal group in English cooked sausage. Pohja et

. \1964) investigated the number of bacteria and

Pial  flora in Finnish commercial cooked

In this reseach, when storing sausgges at

aftq the total number of bactegia was R8O gfu/g

days Storing 1 dgy, 3,2 x 10° cfu/g after storing 7

the;.2"d 1,4 x 10" cfu/g after storing 14 days. At

bactg respective ages, the counts og anaerobic

6,2 xrlaé were 1,7 x 10" cfu/g, 3,7 x 10° cfu/g and

“Ost 7 cfu/g. The sausages investigated contained

10 idia (some 10 cfu/g) and Bacillus cereus (about

The ¢fu/g) but coliforms and salmonellas not at all.

at S3usages contained but no Clostridium perfringens
BOapgll~ In the keepability project I of National

Cuns of Trade and Consumer Interests, Department of
dap UMer Affairs (Anon 1983) the mean of the total
aﬁeerlal of "lenkki" type sausgge was 3 x 10 cfu/g

Se]);  Manufacture and 1,5 x 10° cfu/g on the last
&aph”g day. The counts of Bacillus cereus,
Clq y;QCOccus aureus, faecal streptococci,

of, "idium perfringens and coliforms were < 100
u (Cne sample of 15 was indicated unsuitable for
(A Fo0).

0 19gs),

In the keepability project II of NBTCI
the sausages were stored at 8 C until

the last selling day before bacteriological
examination. The counts of psycrophilic bacteria and
lactobacilli were 4,1 cfu/g and 3,6 cfu/g. 15,3 % of
the sausages were evaluated as decreased in their
condition for selling, and 19,8 % were found
unsuitable for human food.

There has been discussion in Finland regarding the
best selling time for the meat products. The selling
time has usually been at least 3 weeks, and in summer

perhaps less. According to statgte, meat products
should be kept in the shop at < 8°C. The keepability
of meat products 3 weeks at 8 C 1is not certain.

Because to date, there have not been many
investigations into the existence of bacterial flora
in Finnish cooked sausage, it was considered useful
to examine the subject. In this study we examine one
type of sausage, the frankfurters, to aquire more
information on the presence of the bacterial flora in
Finnish cooked sausage and on the keepability of the
Finnish cooked sausage, in an attempt to determine
more distinctly the correct selling times of cooled
sausage.

MATERIAL

The samples of frankfurters sausages made by 5
manufactures were provided in two groups: one direct
from manufacturers and the other from the shops.
The samples received directly from manufacturers were
only few days old but the samples from the shops were
about 3 weeks old, and they were given a selling
time of one week. This analysis consisting of 10
samples was provided during two seasons: winter and
summer. Each sample was divided into two parts: one
kept at 4 C and the other at 7-80C. The g=samples
obtained directly from manufactures were examined
about 1, 2,3 and 4 weeks after processing and the
samples from the shops examined one week before the
last selling day and about on the last selling day.

Organoleptic evaluation

The panel carrying out the organoleptic evaluation
consisted of five persons, all familiar with
organoleptic evaluation of cooked sausage. The
flavour was evaluated. The sausages provided from
manufacturers were evaluated 1, 2, 3 and 4 weeks
after processing, and the sausages from shop one week
‘before the last selling day and about on the last
selling day. A scoring system and a descriptive
method was used side by side as the panel's
evaluation method.

Microbiological examinations

The following examinations were made:

1. The total count of bacteria and the number of
thermotolerant bacteria on plate count agar (Difco,
0479 ). Method plating method. Incubation for 4
days at 30°C, The &ated dishes for thermotolerants
were kept 2 h at 60C before incubation. All the
colonies were recorded.

2. The total number of bacteria and the number of
thermotolerant bacteria on blood agar (Orion, Espoo).
Method spreader method. Incubation for 2 days at
37°C. The plated dishes for thermotolerants were kept
2 h at 60°C before incubation. ALl the colonies were
recorded.

3. The number of lactic acid bacteria and the number
of thermotolerant lactic acid bacteria on Rogosa agar
(Merck - 5463). Method plating method. Incubation 4
days at 30°C. The 8lated dishes for thermotolerants
were kept 2 h at 60 C before incubation. All the
colonies were recorded.

4. The total number of anaerobic bacteria on SPS-agar
(Merck, 10235). Method plating method with covering
layer. Incubation for 2 days at 37°C in an anaerobic
jar (Gas-Pack jar. manufactured by BBL Microbiology
systems Cockeysville Md, US). All the colonies were
recorded.



5. The number of staphylococci and micrococci and the
number of thermotolerant staphylococci and micrococci
on Baird-Parker agar (Merck 5406, manufacturer of
tellurite egg yolk emulsion:Difco 0779-72). Method
spreader method. Incubation for 2 days at 37°C. The
plated dishes for thermotolerant staphylococci and
micrococci were kept for 2 h at 60°C before
incubation. All the black colonies were recorded.
The colonies were examined by microscope.

6. The number of faecal streptococci and the number
of thermotolerant faecal streptococci on Slanetz-
Bartley's agar (Orion Oy, Espoo). Method spreader
method. Incubation for 2 days at SISC The plated
dishes for thermotolerant streptococci were kept for
2 h at 60°C before incubation. Red and pale red
colonies were recorded.

7. The number of coliforms on VRB-agar (Difco 0012-
01-5).  Spreader method. Incubation 1 day at 37°C.
Deep red colonies 1-2 mm in diameter were recorded.

The pH-value

The  pH-value of the samples received from the
manufacturer was measured 0, 1,2, 3 and 4 weeks after
processing. The pH of the sausges from shops were
measured and 4 weeks after processing. pH values
were measured with Knick Portames 651-pH-meter
(manufacturer:Elektronische Allengerate, Berlin,FRG).

Statistical methods

The results of all determinations have been tested
with variance analysis and Tukey's test in relation
to season, keeping temperature and keeping time
(factory and shop samples together).

RESULSTS AND DISCUSSION

Flavour

The season and the keeping temperature affected only
the flavour of 4 weeks old factory sausages. The
summer sausages stored at 7-8 C had significantly
lower Flavous values than summer and winter sausages
stored at 4°C (Table 1). The keeping time of the
sausages had no significant effect on the flavour of
samples stored at 4 C. When storing at 7-8°C the
flavour of 4 weeks old winter and summer sausages
from the manufacturer was significantly worse than
that of 1 week old The shop sausages were kept well.
3 and 4 week old shop sausages were better than 4
week old sausages from manufacturers. Both winter and
summer sausages stored 4 weeks and 3 and 4 weeks at
7-8°C  had the mean flavour values below & points
which was kept as a limit for selling.

Total number of aerobic bacteria.

The only significant difference as a result of season
and keeping temperature was the difference between
the number of aerobic bacteria between the winter
shop sausages stored at 436 and summer shop sausages
stored at 7-8"C, the bacterial count of the latter
being the highest (Table 2). The keeping time had no
significant effect on the total count of aerobic
bacteria of the winter sausages. In the summer at 7-
8°C and at AOC, keeping time consistently raised the
total number of bacteria, those with the greatest
number being the 4 week old sausages. 3 and 4 week
old factory sausages kept at 7-8°C had also higher
total counts of aerobic bacteria than 3 week old shop
sausages. The mean of the numbers of bacteria in
frankfurters ranged between 3,2 and 4,8 log units/g
with the exception of the mean of all 4 week old
sausages from manufacturers, the mean of 3 week old
factory sausages (stored at 7-8°C) and the mean of 4
week old summer shop sausages (stored at 7-8°C),
which had risen to between log 5 and 6. In the
keepability projects of National Board of Trade and
Consumer Interests, Department of Consumer Affairs
(NBTCI) (Anon 1983 and 1985) the number of bacteria
of "lenkki" type Sausage were lower than those Frog
this investigation in both post-procgssing D0

cfu/qg and post-selling time (about 10 cfu/g):
bacterial number of this research and the reseé"
of NBTCI were, also distinctly lower than
determined in 1960's.

D D~ —

The number of 2 h at 60°C surviving bacteria (tne’
tolerant bacteria) on plate count agar. A
After a keeping time of 2 weeks the numDe;5
thermotolerant bacteria of summer sausages keth
8°C were significally higher than the respi
values of other sausage groups (table 3). 4 wf%
winter sausages from factories stored at '
contained significantly more thermotolerant 33%1
than the sausages stored at 4°C. When storingur
8°C the keeping time consistently raised the %ﬂ
of thermotolerants, those with the greatest M,
being the 4 week old sausages. When stored &t
there were no significant differences betweenﬁ
numbers of thermotolerant bacteria of sausages %;
of different age. The mean of the numbers of th®
tolerant bacteria was rising from the level of
units/g to a range between 4 and 5 log unlts/g-d
highest values were found in the sausages storf
7-8°C.

The total ngmber of aerobic bacteria and the o
of 2 h at 60°C surviving bacteria on blood agaf
The season or keeping temperature had no signl
effect on both the total number of bacteria ET
the number of thermotolerant bacteria ceterml”iy
blood agar (table 4). Also the mean of the me”}
bacterial counts of both factory and shop saus@”
different ages did not differ from each other: y
mean of total bacterial counts of different SZU‘
groups ranged between 3,2 log units/g and a'nﬂL
units/g. The respective range of the mean of !
tolerant bacteria was 2,9-4,1.

The number of lactic acid bacteria

After the storing of two weeks the number of
acid bacteria in the winter sausages stored at o6
was significantly higher than in summer $8Y°,
stored at 4°C (table 5). The number of lactlcKs
bacteria of summer factory sausages stored 3 Weeﬂ
7-8°C  was significantly higher than those store}r
4°C.  The number of lactic acid bacteria in thi
summer sausages stored at 7-8 C were found twﬂ
significantly higher othan in that of the o
sausages stored at 7-8C.

The only significant difference between the nUmD;f
lactic acid bacteria in the sausages of dlf_ud
ages was between the 1 geek old and 4 week old :r'
sausages stored at 7-8 C (Table 6). The numbé
lactic acid bacteria was on the level of if
units/g, 1 week after manufacturing, rising ton-
level of 3 and 4 log units/g. The highest mez o
lactic acid bacterial counts was in & we€l,
summer sausages stored at 7-8 C, 5,4 log UMy
The winter shop sausages contained lactic
bacteria between 1,5-2 log units/g. Dﬂ/
In the keepability project I of NBTCI, the nuf 10
lactic acid bacteria were between <10 - 7,61XT {
but in the keepability project II of NB,C.é |
nugbers of lactic acid bacteria were on the lfveﬁ-
10° cfu/g. It can be concluded that the numDo,
lactic acid bacteria on subject to wide variatl

18¢
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#
The number of 2 h at 60°C surviving lac?lf
bacteria (thermotolerant lactic acid bacterlgf "
Only 0-2 samples/sausage group received from 4

facturers, containing thermotolerant lactliewﬁ
bacteria over 10 cfu/g during the first 3 oy
weeks (Table 7). After 4 weeks of stor 2.0

sample/sausage groups contained thermotolerant
acid bacteria over 10 cfu/g. Among shop 50¢5
thermotolerant lactic acid bacteria over a%'
appeared onlé in 4 week old summer sausages at

3 and at 7-8 C in 1 samples.




Thy
T; Number of anaerobic bacteria (on SPS-agar)

Sunn, Number of anaerobic bacteria (on SPS-aggr) in
SWn§r~ sausages stored for 3 weeks at 7-8°C was
weklflcantlg higher than that of sausages stored‘ 3
mes at 4°C (table 8). The season and keeping
di ®rature did not cause any other signlflc;nt
Sig ?r?”CES between sausage groups. Keeping tlme

nlrlcantly influenced the number of anaerobic

i}

g ®tia only in the summer sausage groups stored at
f; The sausages stored for one week after manu-
3 weeks old shop sausages contained
less anaerobes than the 4 weeks old
nw%ages recieved from the manufacturers. The
®'S of anaerobic bacteria ranged between log
of 1,8-3,8 the counts being as a rule wusually
in older sausages. According to Pohja (1964)
afp. Umbers of anaerobig bacteria were immediately
of s 7Processing 1,7 x 10° cfu/g, raising to the level
Numy cfu/g during a 2 week period. These ba;ter}al

®rs are higher than those from this investigation.

N

P:ter of staphylococci and micrococci on Baird-
The ®r agar

Qctuhighest three appearing samples from the manu-
%aphrerls winter sausages had over 10 cfu/q
Yegp Ylococei and  micrococci  (table  9). In
sasect1Ve summer sausages only a few accidental
1053955 contained staphylococci or micrococci over
op CTW/g, Among the shop sausages in both winter
Sty SUmmer there were 2-3 sausageﬁ/group contaning

Q%Z_Ylococci or micrococci over 10° cfu/g. Staphylo-

2 ' ad micrococci surviving after preincubation of

83 at 60°C appeared only in 3 factory and 6 shop
USages, ]

Y
%a:er of faecal streptococci on
T

Slanetz-Bartley's
&E Number of faecal streptococci in winter sausage
Cfy Manufacturers appeared in most samples over 10
nmmg (table 10). There o curged a surprisingly high
og © Of streptococci (107-107 cfu/g) even in 1 week
saUSages. The number of enterococci in summe
Qﬁvgry sausages was only occasionally over 10
“gg; In shop samples there were not faecal strepto-
Wte, Over 10° cfu/g. Faecal sgreptococci survivin
Q&Vg Preincubation of 2 h at 60 C appeared over 10
’ in 7 factory and 6 shop sausages.
TEilfOrms
Wit Purpose was to assure that post-contamination
Saus. @ 9ram-negative bacteria could not happen. No
QSatgeS contained coliforms over 10 cfu/g which was
isfactory result.
Pl
T:;value
Vﬂczsappeared significant differences between the pH
Not of different frankfurter groups but they were
%cre°°ﬁ38cutive. The pH values were as a rule
%ep»aslng 0,2 - 0,3 units from the level of 6 during
Sayg "9 period. Mostly the pH values of 4 weeks old

Smmiges were significantly lower than 1 week old
s.
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Table 1. The flavour (mean of 5 parelists evalustion of 5 sausages)

of frankfurters

Time in weeks from Winter Summer

merufacturing T 7-8% s 7-8%

X sd X od X sd X sd

Factory samples 1)

1 week 2 48 04 487 04 508 7 1mg 0,7

2 weeks s 0,77 4,37 0,7 4,67 0,14 4,42, 0,28

g2 a,m: 0% 437 0% 4 0,46 }.% 0,93

g 6® A 0,27 31,12 4,570 A 0,2 2,5 B1,2

Sup samles 4 A E 5

3 weeks 52, 1,2 52 1,02 4817 0,% 4,81° 0,9

G 468 057 4w 0,62 4,45 0,® 43° 02

1. Means within the same colum rot followed by the same small letter
are significantly different (p<0.05).

2. Mears within the horizontal lire rot followed by the same big letter
are significantly different (p<0.05). If there are ro big letters after
the means listed, there are ro differences among them.

Table 2. The total rumber of becteria (mean of log cfw/g) on plate
count sgar in frakfurters.

Time in weeks fram Winter Summer
merufacturing & 78 % 7-8
X E o] X sd X sd X sd
Factory samples 1) . A 5 3
1 week 2) 4,25 1N, 5 R R S 0,55 3,72, 0,5
2 veeks 408° 0,67 4,08 0,8 3%, 0% 4, 1,0
g s 4,81% 0,6 561° 1,53 4,57 1,57 5 1,%
P 5t N0 o s R n i s 0 i RS 1,25
Sop samles
3 veeks 3 onal 3 oTF R S e 7 u,11: 0,75
Pl 56°A 0,8 4u°M808 4,70 M 1,00 5,5 B 0,7
Table 3. The number of 2 h at &0°C surviving becterie (thermotolerant
bacteria, mesn of log cfw/g) on plate cant agar in frankfurters.
Time in weeks from Winter Summer
merufacturing T 7-8% «X 78T
X sd X sd X sd X sd
Factory samples 1) . R
1 week 2)3,27; 08 Jli 08 3,0 0, 3,02% 0,7
2 veeks 280 A 0% 2% A0 330 A 05 46l B0
B BJi 1,06 4,21 2,26 uni 1,% 4,67 0,8
4-"- 3,8 A 1,11 547 BOM 4,00 M 1,06 450 M1,
Svp samles
3 weeks 0 4% 30 1% 30 0 U 0%
i 2,85° 0,49 3,83 1% 40P 1.3
Table 4. Tre total rumber of bacteria (mean of log cfw/g)
on blood agar in frankfurters.
Time in weels from Winter Summer
marufacturing o 76T N 7-8¢
x s x od X sd x sd
Factory samples 1) o 5
1 week 428 1,3 420 1,8 33 0,79 33, 0P
2 veeks 319 0,8 3,68 0,% 3§ﬁ 0,82 3,358 = 50:80
3 i 4,07 049 3,8° 0,51 4,8 1,58 4, 1,18
G- - “0” 1,10 4,8° 1,90 3% 1,87 4B 0%
Sop samples
3 week 3677 w4 3R 1 3,37° 0,8 .37 o
4 veels 3,%° 0,47 3% 1,24 @ 3,%° 0,% ¥ 1,06
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pH of frankfurters.

Time in weeks from
marufacturing

Table 11.

7-8%¢
7-8%

s
78
Sumrer

&%
&%

in frankfurters.
788

Winter

Winter

cfw/g on Baird Parker agar in frarkfurters.
Winter

of samples containing staphylococei and

Rogosa-agar

A

&

acid berteria (themmotolerant lactic ecid becteria)
T

The number of lactic acid becteria (mesn of log cfu/g) on
cfu/g on

Rogosa-agar in frarnkfurters.
Time in weels from

merufacturing
cfu/g on Slaretz-Bartley's agar in frankfurters.

(thermotolerant bacteria) on blood agar in frankfurters.

agar in frankfurters.

micrococei 21

lactic
>1

Table 8. The rumber of aneercbic becteria (meen of log cfu/g) on PS-
Table 10. The rumber of samples containing feecal streptococci >‘|C'2

Table 5. The number of 2 h at &C surviving acid bacteria

Table 7. Tre rutber of samples containing 2 h at &0°C surviving

Time in weeks from

mayufacturing
Factory samples

Time in weeks fram

marufacturing
Factory samples
1 week

2 weels
Time in weeks from

marufacturing
Table 9. Tre total

Time in weeks from
marufacturing

Factory samples

1 week
Time in weeks from

Table 6.

2

3

4

3

4
marufacturing

samples

2
3
4
3
4

1 week
weeks
samples
weeks

Factory




