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Abstract
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Salmonellae survived at room temperature (18 —22 °C) in salted swine guts
used as sausage casing for 7—21 days. At cooling temperature (4 °C), Salmonella
typhimurium was reisolated after revival from control unsalted guts still after 70
days, and in the salted ones even after 154 days. S. enteritidis was less resistant at 4 °C
than S. typhimurium, surviving 28 and 126 days in unsalted and salted guts, re-
spectively.

M. intracellulare and M, avium survived in unsalted guts 91 and 35 days, re-
spectively. In salted guts, the survival of M. avium was 6 times longer compared with
that in unsalted ones. The dynamics of mycobacterium survival indicate that in salted
guts stored at cooling temperature, M. avium and M. intracellulare are killed within
6 and 12 months, respectively.

During the ripening of a hard salami (Poli¢an), processed without heat treat-
ment, S. enteritidis was reisolated after revival even after 42 days, while, S. typhi-
murium was Kkilled after 35 days already.

Swine, Salmonellae, mycobacteria, salted guts, ripening of salami

Salmonellae remain at the top of the list of alimentary infections for a long period and their
high resistance against environmental effects has been well documented.

Sodium chloride inhibits the growth of salmonellae at a concentration of 7 % already, but
rapid killing only occurs when the concentration reaches 30 % (Koelensmid and van Rhee
1964, cit. Morse and Duncan 1974, Walsh 1972). Temperature is also an important factor for
the survival of salmonellae. It has teen demonstrated that at 4—7 °C salmonellae survived in
10—30 % sodium chloride 106 days at least and that the survival time was 5 times shorter
at 18—22 °C (Herler 1971, cit. Grieger 1978).

High resistance of M. avium to chemical and physical effects of the environment is well known
(Pavlas and Dokoupil 1967). M. avium survived 1 year in the meal and 5 months in wheat
and pea (Kiriljuk 1966). In manure where the conditions for survival of mycobacteria are less
favot;rable, M. avium lost its virulence gradually and was killed after 2—3 months (Sirobokova
1964).

At present, tuberculous lesions are found in the guts of approximately 0.3 %, of pigs slaughtered
in Czechoslovakia, their findings in parenchymatous organs being rather sporadical. The preva-
lence represents in the Czech Republic several tens of thousands slaughtered pigs per year, which
are released for human consumption under strictly set conditions only. Data on the length of
mycobacteria survival in swine guts used as sausage casing and on the effects of salting have
not been reported.

Takacs and Simonffy (1970) investigated the survival of salmonellae in ripening salami
processed without heat treatment and stated that salmonellae were killed in most cases and that
‘their survival depended on the rate of contamination of the raw sausage emulsion. Complete
killing did not occur when the count exceeded 2. 10%*. g1,
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In Czechoslovakia the survival of salmonellae in hard sausages was studied by Gayer (1978).

The aim of our experiments was to examine the survival times of salmonellae and mycobacteria
in salted and unsalted swine guts stored at various temperatures and the fate of salmonellae during
the ripening of a hard salami processed without heat treatment.

Materials and Methods

Mucosa was separated by hand from fresh swine guts, which were then treated with an amount
of sodium chloride, corresponding to the original weight of fresh guts. The guts were cut into
20 cm long segments and one end was tied. Then 0.2 ml of 24 h broth culture of S. typhimurium
or S. enteritidis was applied into each segment and the other end was tied. Control, unsalted
guts were infected similarly. The guts were then stored at 18—22 °C or at 4 °C.

Samples of the gut wall weighing ca. 1 g were transferred at regular intervals into 10 ml of
buffered peptone water. After 18 h incubation at 37 °C, 0.1 ml of the buffered peptone water
was transferred into 10 ml Rappaport medium and 1 ml into 10 ml selenite medium. After another
24 h of incubation at 42 °C, the samples were inoculated onto agar with brilliant green and phenol
red. The growth was evaluated and colonies counted after 24 h incubation. The incidence of
salmonellae was confirmed by the rapid slide agglutination test with a polyvalent serum.

The Kkilling effect of sodium chloride on M. avium and M. intracellulare was also examined in
fresh mucosa-free guts, which were salted, as mentioned above. Ten cm long segments were in-
fected into the inner side by suspension of mycobacteria, containing 1 mg of culture in 1 ml
of sterile physiological saline and 0.5 ml of mycobacterial suspension was inoculated into each
segment. Infected guts were stored at 4 °C. Unsalted guts, infected in the same way, were used
as a control. Mycobacteria were detected in guts after rinsing in sterile distilled water. The guts
were then cut lengthwise and dipped into sterile distilled water for 15 min. After maceration of
guts, the liguid was poured off, centrifuged and the sédiment was preparated with HCI and NaOH.
After decontamination, the sediment was cultured on solid egg medium and fluid Sula medium.
The culture media were incubated at 37 °C and evaluated in 1-2-week intervals during 2 months.

The sausage emulsion for a herd salami ¢“Poli¢an” was obtained from a meat plant in Kromé&-
fiZ. After infection with broth culture of S. typhimurium or S. enteritidis (102 cells per 1 g of sausage
emulsion), the emulsion was filled into original cover and stored hanging in an air-conditioned
box “MYTRON” under the conditions valid for this type of salami (Table 1). Humidity was
measured with a hygrometer. Samples for salmonella detection were taken in a week intervals
and were treated similarly as those of infected swine guts.

Results

The initial S. zyphimurium concentration was 107 . g-'in both salted and unsal-
ted guts (Table 2) at room temperature 18—22 °C. The control showed at first
increase of cells up to 10°. g-, buta rapid decrease occurred after 7 days, and
after 21 days salmonellae were re-isolated only after revitalization. The decrease
of S. typhimurium count was even more rapid in salted guts and after 14 days sal-
monellae were detected even after revitalization.

Table 1
Storing conditions of the sausage emulsion for hard salami “Poli¢an‘ infected with salmonella
Period day Temperature °C Relativeolzunﬁdity
0—-14 25 85—90

15—-21 22 85

22—-28 19 80

29-35 16 75
«36—42 13 70
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The initial S. enterizidis concentration was lower (10°.g-!). Increase up to-
10°. g-! was recorded at first in unsalted guts, similarly as in S. zyphimurium,.
then the concentration decreased and after 28 days no salmonellae were re-isolated
even after revitalization. In salted guts S. enteritidis was killed within 14 days.
and no salmonellae were re-isolated later.

At the cooling temperature (Table 3) S. enteritidis survived shorter period and.
was isolated within 28 and 126 days in unsalted and salted guts, respectively.

Mycobacteria survived much longer in swine guts, compared with salmonellae..
M. intracellulare (Fig. 1), which is more resistant, survived up to 13 weeks, ho--
wever M. avium was killed after 5 weeks. In salted guts the survival of mycobac-
teria was longer. The survival period in M. avium (Fig. 2) was nearly 6 times lon~--
ger (30 weeks) compared with unsalted guts. M. intracellulare survived as long as.
7 months in salted guts, but the number of vital ones decrease to about 1/3.

Differences were recorded between the two salmonellae serotypes tested for-
their survival in the sausage emulsion (Table 4). The number of S. typhimurium:
decreased after 21 days so that they were detectable only after revitalization and.
after 35 days no salmonellae were reisolated.

Table 2
Survival of salmonellae in salted and unsalted guts at 18—22 °C

Day S. typhimurium S. enteritidis
salted unsalted salted unsalted: .
0 107 107 10¢ 10¢
1 107 10 107 10¢
3 10¢ 108 N N
7 104 10¢ 108 10¢
14 — 104 108 10¢
21 + - 105

The figures show salmonellae counts per 1 g
+ . . . positive after revitalization
N . not examined

Table 3
Survival of salmonellae in salted and unsalted guts at +4 0C

Day S. typhimurium S. enteritidis

salted unsalted salted unsalted
0 107 107 10¢ 10¢
1 108 107 N N
3 107 108 N N
7 107 108 107 10¢-
14 10¢ 10¢ N N
2 10¢ 108 107 -+
28 105 10¢ 10 +
35 . 10¢ 108 108 —
42 + =+ 108
49 + =+ 105
63 + + +
70 + + +
126 + - +
154 + -

The figures show salmonellae counts per 1 g
+ . . . positive after revitalization
N . . . not examined
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Table 4
Survival of salmonellae during the ripening of hard salami “Politan¢¢

Days S. typhimurium S. enteritidis
0 108 10*
7 10* 10*
14 10* 10*
21 + 10*
28 + 10t
35 - +
42 - +

mmt—mwlg
+ . . . positive after revitslization

S. enteritidss was more resistant and was detected by direct culture still after
28 days. This scrotype was detectable 42 days after revitalization, which is the
_period necessary for ripening of the hard salami Poli¢an.

Discussion

The survival of salmonellae in guts infected both naturally and artificially and
:stored in a saturated solution of NaCl (pH 4.0 and 10.0) at 6 °C was studied by
Gabis and Silliker (1974). Under these conditions, salmonellae were killed
already after 24 h. If the guts were placed into crystalline sodium chloride, salmo-
nellae were killed after 7 and 21 days in sheep and swine guts, respectively.

Our results demonstrated markedly longer survival periods, especially at cooling
‘temperature, when S. zyphimurium survived after revitalization 154 and 70 days,
in salted and unsalted guts, respectively. S. enteritidis was less resistant under
ithe same conditions and survived 126 and 28 days, respectively.

Long survival of both the serotypes of salmonellae in salted guts demonstrate
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Fig. 1. Survival of M. intracellulare
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their great resistance against high concentrations of sodium chloride in the medium.

In salted guts infected with mycobacteria, autolytic influence is apparent with
the growth of accompanying psychotrophic microflora. The dynamics of myco-
bacteria killing shows that in salted guts M. avium survives six months and more
and M. intracellulare even 1 year and more. The data indicate a great resistance
-of mycobacteria causing the infection of pigs.

The initial salmonellae count is important for their survival in a salami pro-
cessed without heat treatment. Their killing edplamed by the decrease of a,
and pH. Takacs and Simonffy (1970) report that killing od salmonellae is
also influenced by catalase activity suppression by produced hydroxylamine. The
-accumulated hydrogen peroxide is destroying the cells of microorganisms, inclu-
ding salmonellae. Addition of a starting culture to the sausage emulsion of salami
processed without heat treatment might significantly shorten the survival time
of salmonellae (Gayer 1978). A long survival of salmonellae in another type of
hard salami was recorded by Bartas (1982). He re-isolated ‘salmonellac after
revitalization 80 days following processing, though the salami was of a very hard
-consistence. It demonstrates great resistance of salmonellae against drying and
decrease of water activity.

Practically it means that salmonellae count hardly exceeds 10% . g-! in the sau-
sage emulsion for hard salami “Poli¢an”. If for all that such a number appears,
ssalmonellae would not been killed during the ripening of salami.
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PieZzivini salmonel a mykobaktérii v solenych a nesolenych vepiovych
stifevech a dile trvanlivého masného vyrobku

Pii pokojové teploté (18—22 °C) v solenych stfevech pieZivaly salmonely do
“7.—12. dne. Pfi chladirenské teploté (+4 °C) Salmonella (S.) typhimurium byla
z kontrolnich nesolenych stfev zachycena po resuscitaci jesté 70. den, u solenych
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dokonce po 154 dnech. S. enteritidis pfi chladirenské teploté byla méné odolna
ve srovnani se S. typhimurium, pfiemzZ v nesolenych stfevech byla zachycena pou-
ze do 28 dnt1; v solenych stfevech vydrzela 126 dnti.

Pfi posouzeni devitaliza¢niho u¢inku chloridu sodného na Mycobacterium avium
a M. intracellulare pfi chladirenské teploté piezivalo M. intracellulare v nesolenych
stfevech 91 dni, M. avium 35 dni. U solenych stiev probihala devitalizace myko-
baktérii daleko pomaleji. Doba pfezivani M. avium byla 6 delsi ve srovnani
s nesolenymi stfevy. Z dynamiky pfezivini mykobaktérii vyplynulo, Ze v nasole-
nych st¥evech se da pfedpokladat devitalizace M. avium za pul roku, u M. intracel-
lulare az za 1 rok po jejich uloZeni v chladirenské teplotg.

Sledovinim pfeZivani salmonel pfi zrini tepelné neopracovaného masného
vyrobku — trvanlivého saldimu typu Polian byla zji§téna vét$i odolnost u S. en-
teritidis, ktera byla izolovdna po resuscitaci i po 42 dnech na rozdil od S. typhi-
murium, ktera byla devitalizovana jiz po 35 dnech.

BbhKMBaHMe CanbMOHENn U MUKOGaKTepWii B YCNOBUSX NOBbILIEHHOrO
coAepXaHua Xnopuaa HaTpus

MccnepoBanm cnocoGHOCTb cCanbMOHENN W MWUKOGaKTepui Komnnekca
M. avium — intracellulare  BbDKMBaATb B CONEHOW KWULIKE CBUHbU U BNUS-
HUE TEeXHOMNOrUW NMPOW3BOACTBA Ha BbDKMUBAHWE CalnbMOHENN Y TENNOM He-
o6pabaTbiBaHHbIX MSACHbIX NpoAykTOB TUNa MonuuaH. Npu KOMHaTHOK Temne-
paType BbhKMBaNnuM canbMOHENNU B ConeHoi kuwke Ao 28-oro aHsA. Temne-
paTypa XOoNnoAuNbHUKa MO3BONsNa BbDKUBaAHWE CaNbMOHENN Bbilwe 5 mecs-
ues. S. typhimurium wW3onMpoBanu U3 KOHTPONbHOI HECONEHOW KWLIKH
nocne pecycuutauuu ewe 70. aeHb, W3 coneHoit paxe nocne 156 AHAX.
S. enteritidis 6bina B TeMnepaType XONoAWNbHUKA MeHee yCToluuBa
B CpaBHeHuu ¢ S. typhimurium, ee W30AMpOBann B HECONEHOW KWLIKE
TONbKO A0 28-0r0 AHS.

MccnepoBaHneM BbIKMBaHWUS CanbMOHENN Ha MPOTSXKEHUW CO3PEBaHUS
rennomM Heo6pa6oTaHHOrO MACHOTO NPOAYKTa - canaMu ANMTENbHOrO Xpa-
HeHus tuna Monnvuan - onpeaenunun BbICIWYIO YCTOWUMBOCTbL Y S. enteri-
tidis, = KoTOpylo W30NMpOBaNu MOCNe pecycuuTauun uepes 6 Hepenb,
B CpaBHeHuu ¢ S. typhimurium «koTopas norubana o 5 Hepenb.

MNpu oueHke peitcTBMA xnopuaa HaTpus Ha M. avium — intracellulare
B TemnepaType XONoAWNbHWUKa AOKAaAblBanu, uto M. intracellulare
BbKMBaANO B HECONeHbiXx kuwkax Ao 13 Heaenb, M. aBuym 5 Hepenb. B co-
NEeHbIX KUWKAaX MPOUCXOAUNO pa3pylleHue MUKOGAKTEPUI 3HAUUTENBHO
meaneHee. Cpok BbixWBaHWsa M. avium 6bin WeCTb pa3 AONblUE UEM Y He-
CONeHON KUWKHU. M3 ANHAMWKKM BbIKUBAHUS MHUKOOaAKTEpUi CTano SCHO,
UTO B CONEHbIX KUWIKaxX MOXHO npeanonaratb rubenb M. avium uepes non
roaa, rwbéenb M. intracellulare uepe3 roa NpuW UX XPaHEHWW B Temne-
paTtype xonoaunbHUKa.
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