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VOrliegender Arbeit wird die antagonistische Aktivitat von 30 Stammen L. plantarum,
°a:1:ua Dauerwurst isoliert wurden, in Bezug auf 8 Arten Testmikroorganismen - Str. fae-
E. coli, Proteus vulgaris, B. subtilis, B. mesentericus, Bo cereus, B. idosus,
aph' aureus - bestimmte Die Versuche wurden bei pH dee Nahrmediums 5.0, 5¢5, 6¢0 und
%5 g einer Kulturtemperatur von 15, 26 und 32°C durchgefihrte.

B
% diesen Versuchen wurde festgestellt, dass die antagonistische Wirkung der Laktobazil-
VoR den pH-Werten des Nahrbodens, der Kulturtemperatur und der Art der Testmikroor-
Nuam.n beeinflusst wirde Der starkste Antagonismus wird gegenuber Be cereus und
g ahderen einbezogenen sporenbildenden Mikroorganismen, sowie auch gegenuber Se aureus,
h::::tet. Gegenuber den Enterobaskterien ist diese Wirkung wesentlich schwacher. Die
8te Aktivitat ist gegenuber Str. faecalis festzustellene
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da
ete
. rmination was made of the antagonistic activity of 30 L. plantarum strains, isolated

Taw-.
’ig drieq sausages, towards 8 test microorganisms: Str. faecalis, E. coli, Proteus vulga-
B

: aubtilis B. mesentericus, B. cereus, B. idosus, Staph. aureus. The experiments were

rried
26 by out gt medium pH values of 5.0, 5.5, 6.0, and 6.5, and cultivation temperatures of 15,
4 32%,

The -
‘€°nist1c action of the lactobacilli was found to be affected by the pH values of cul-
Teq
i la, cultivation temperature and the test microorganisms. The most powerful antagonism
Se
to. Tved in respect to B. cereus and other included spore-forming microorganisms, and also
L]

'1ty * 8ureus. In respect of enterobacteria, the action was considerably weaker. The acti-
Wag

“eakest with relation to Str. faecalis.
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On a déterminé l'activité antagoniste de 30 souches de L.plantarum, isoldes de saucif”
sons secs, a 1'égard de 8 espéces de microorganismes-tests: Str.faecalis, E.coli, F¥
teus vulgaris, Be.subtilis, B.mesentericus, B.cereus, Beidosus, Staph.aureus. Les G’Pé'
riments ont été effectués a un pH de 5,0, 5,5, 6,0 et 6,5 et & une température d'étu”
vage de 15, 26 et 32°C.

On a établi que l'action antagoniste des lactobacilles était influencde des valeurs &
PH des milieux culturels, de la température d'étuvage et de 1'espéce des microorgadif
mes-tests. Le plus fort antagonisme a été observé a 1'égard de B.cereus et des autre?
microorganismes sporulants, ainsi qu'a 1'égard de S.aureus. Cette action a &té beaucmm’

L) ’ L4 14 te
moing fortement exprimée a 1l'egard des enterobacteries. Pour les Str.faecalis 1'a¢*“4‘¢i

était la plus faiblee

HccaezoBanne aHTUMUKDOOHHX CBOMCTB mfaMmoB L. plantarum, 4305 4pOBaHHEX M3 cupoggggﬂﬂz

Kozodac

P. EPAHKOBA, fi. fIHKOB

MucTnryT MAcHOR npomuuneHHocTd, Codus, Boarapus

o8
3 cHP
: protﬂ’
JeHHHX K0ji0ac, B OTHOWEHWM 8 BUZOB TeCT-MUKDOODTAHMSMOB — Str. faecalis, E. coli, o

Onpezenera anTaroHUCTHYECKAsA aKTWBHOCTH 30 mTamMmMoB L. plantarum, y30nMpOBAHHHX X

vulgaris, B. subtilis, B. mesentericus, B. cereus, B. idosus, Staph. aureus. OHH!HImO
zenH npu pH cpezn 5.0, 5.5, 6.0, ¥ 6.5 W TemnmepaType BHpamWBaHWA 15, 26 M 3.
JcTaHOBIEHO, YTO HA QHTATOHMCTHYECKOe ZeficTBHE NAKTOOALMIA OKA3HBANT BIUAHHE 3aneﬂﬂ“ o
nMTaTEABHHX CDeZl, TeulNepaTypa BHpAmMBAHAR M BHJ T6CT-MHKDOODraHO3M0B. Hamcozee CHAP o
,

00
TAaI'OHW3M HAOIDZ86TCA B OTHONEHWM B. cereus j JAPYIUX BKIANYEHHHX CIIOPOOGpasynmux “ﬂﬁpﬂrﬁﬁ

a4
HU3MOB, 8 TaKEEe B OTHOWLGHHM S. aureus. [lo oTHOmMGHUD K 9HTEpoGaKkTepusM zelicTBHE 8t

HO cznalee. Haubonee cnaGoli ABAA6TCA QKTWBHOCTH B OTHOmEHMH Str. faecalis.
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a i : . . .
sctlc 8cid bacteria are one of the reasons for the selection of microorganisms in the raw
& : 2
at:Sage during sgeing (2, 3). Their antagonistic action towards different bacteria has been
: dieq by different authors (3, 7). The inhibitory effect on the growth and enterotoxin pro-
Ctj
}on of Staph. aureus has been proved (4, 6).
Nterrelations between the lactobacilli and the remaining microflora depend on many fac-
r .
S ang change during the growth of microorganisms (1),
: Present work studies the changes in the antagonistic activity of lactobacilli isolated
o ] .
™ Taw-drieq sausages, due to changes in pH values and cultivation temperature.

Yate .
r
Th 2815 and methods

"P:n:Z;iies made use of 30 lactobacilli strains def%ned as L.'plantarum and is?lated from‘ -

Tska Loukanka" during ripening. Str. faecalis, E. coli, Proteus vulgaris, B. subtilis,

0; mesentericus’ B. cereus, B. idosus, and Staph. aureus (museum strain§ from the collection
e € Institute of Hygiene and Nutrition) were used as test microorganisms. : :

of antagonistic activity was determined using the method shown by Kafel et al. (8), in Ferms

of sterile zone between the different L. plantarum strains and the test microorganisms

Stugs . :
Meq, Cultivation was done at a temperature of 16°C, close to the one employed in the ri-

Peny
n, : ;
€ ang drying of raw sausages, and at 26 and 32°c, fermentation temperatures for different

dig ‘Pipening sausages with bacterial starters. The experiments were conducted on nutrient me-
& PH of 5,0, 5,5, 6,0 or 6,5, values close to those of the sausage meat during the ri-
0f 340 °f the sausages. Meat-infusion agar of a neutral pH (7,0) and a cultivation temperature
: %8s used as a control of the antimicrobial activity of the lactobacilli.

65ult
8 ;
Ung 20d Discussion

Str?r the eXperimental conditions, the inhibitory action of the lactobacilli studied towards
Spect d%calisg was found to be very weak, if any. The strongest antagonism was observed in re-
Qapable + cereus. This fact is of great importance since this microorganism.is consgidered
Rigy 5 e causing food poisonings (5). The strains studied have the best manifested aﬁtag°'
ig QonsDroperties towards B. cereus at a pH of 5,5 and a cultivation temperafure of 16 °C. This
the Pip:q?ently the explanation why spore-forming microorganisms are rarely isolated during
ab°Ve\m nlég and drying of raw sausages when the temperature and pH values are close to the
The egentloned ones.
logg “U1t8 obtainea on the antagonistic activity of the L. plantarum strains studied, are
manmma:.Values' as far as the remaining test microorganisms are concerned. This enabled their
the ba }cal Processing and graphical presentation as mean values. The figures are built on
l“e) 0:18 of the ¥ quantities. Table 1 presents also the m values (square error of mean va-
:;rains si:;é individual test microorganism with a ststistical confidence for 99% of the
'y led,
Srq : % on antagonistic activity at a cultivation temperature of 26°C and pH values above 5,0
themgt. Presenteq because of the great differences existing in the results and precluding ma-
e Processing. In isolated cases, no antagonistic activity was found in some L. plan-

y Stra : s
bllity of&lns towards some definite test microorganism, for which reason the degree of proba-

Positive results was calculated, with an interval from O (2ll negative) to 1 (all po-
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Table 1. Antagonistic action of L. plantarum towards different test microorganisms unde’

different conditions

n= 30

.

= . £ !
Temp. pH 7 m z m X m p 4 m X m 4‘33—,,//
1

: . 5.Proteus chﬁo

1. B.subtilis 2.B.mesgsentericus 3. B.idosus 4.3taph.aureus e e é;ﬁgf’;;

16°c 5,0 6,6 0,8 5,0 1G4 14,4 0,4 30,6 0,7 L0 0,5 4,2 o
.5 6,2 T 05 1%:3 05 O B 0,7 - 3,508 3.0

6,0 10,0 e 8,1 0,2 10,2 0,4 12,2. 0,8 6,2 0,4 10,9 o

6,5 9,0 0,3 i+ 850 0,4 9,0 0,2 10,0 0,6 5,9 0,3 8,7 ,

0y

32°% 80" 8,8 0.2 1,87 0,3 3,7 0,3 < SRR s SEE W g1 1,9 o8
515 714 O|3 6’2 0,3 3)5 0'2 5,6 0,4 2,4 0'3 1'8 0,2

6.0 DT e T e A TRt e Sl TR R B Th

6,5 6,3 0,2 4,9 0,2 5,4 0,2 759~ 10,2 6,3 0,3 7,2 4

!

26°c 5,0 9,6 O P00 0.5 4,9 0,5 9.0, 08 1,3 0.8 1,7 2
0y

0% 7,0 5,8 0,2 52 0,2 67 0,2 1,6 0,2 S
10

gsitive) /Table 2/. It is obvious that 78% of the analyses give results with a degree of ¥
bability of 1. o
e

g
The data on the inhibitory action of L. plantarum towards the bacilli of the subtilie"m o

tericus group are presented in Fig. 1. A less menifested antimicrobial activity is obs®

in respect to B. mesentericus, compared to B. subtilis (with the exception of that at a.”
of 5,0 and a cultivation temperature of 26°C). It is characteristic of both bacilli spe”uw
that, at the lower cultivation temperature, their sensitivity is greater at higher pH »

This could be explained by the growth intensity, under the given conditions, of both thevf’
antagonist and the test microorganism. The lactobacillus growth is weaker at the 1ower P

lues and its inhibitory action is weaker accordingly.
Figure 2 shows the data on the antagonistic action towards B. idosus and Staph. aureus’ ﬁY

lation to B. idosus, a considerably greater growth inhibition is observed at 16%¢. Thi® i
cates that, with the decrease in pH values during sausage ripening and drying, an enhd?
inhibitory action of L. plantarum could be expected towards that microbial species. A

antagonistic action is also observed in respect to Staph. aureus. There are quite @ 1o

2

gt

data in literature on the antagonistic activity of lactic acid microorganisms towards

Table 2. Antagonism of L. plantarum: degree of probability of positive results

Temp. pH Bac.ido-

Bac.

Bac.

Bac.mesen- Staph. Str.

Proteus

sus cereus subtilis tericus eureus faecalis vulgaris
16°c 5,0 1 1 1 1 1 0,32 0,80
LA 1 1 1 0,85 1 0,26 0,70
6,0 1 1 1 1 1 v 1
6,5 1 3 1 1 1 o 1
32°% 5,0 0,92 1 1 1 1 0,54 0,77
5,5 0,96 1 1 1 0,93 0,52 0,67
6,5 1 1 1 1 1 - 1
26°c 5,0 1 1 1 1 1 0,58 0,75
5,5 1 1 1 1 i 0,50 0,75
30% 17,0 1 1 1 1 1 - 1
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t;:t mi°m°1‘8anism. The results obtained give a further demonstration of that. It is obviom?:
1y ®onditions close to those in industrial production, help to enhmjxce that action, especial-
°°Qd1e Tipening and drying temperature of 16°C. Staph. aureus growth is weaker under those
. lons ang its susceptibility to injury is greater. _
the a-ntagonistic action of the L. plantarum strains studied towards the enterobacteria used in
: experiment is not very strong under the experimental conditions (Pig. 3). With Proteus vv..zl-
Ong : 8% a test microorganism, a decrease in activity is observed in the experimental conditi-
Ugey °Npared to the control. Since that microorganism is not isolated from saudages in advanced
"8 one may suppose that its disappearance already in the first days is due to the action

: N
721- §
S\ N -
y Qeyﬂ gz% -
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il N N | N7 [
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th%eh&nged conditions in sausage meat: reduced water content, increased salt concentration,
%ﬁ Otesence of spices and the antagonistic action of other microorganisms. '
e the Problems in the manufacture of meat products is the presence of coliforms in them.
Vure:ivity of L. plantarum with relation to E. coli at the experim?nfal cultivation tempe-
Sty 18 enhanced at higher pH values. This indicates that the inhibitory action can be
teehho in the beginning, before product pH values started decreasing, and in the end of the
Ogica) process. It is very rarely that coliforms are found in a ready product.
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In most of the studies, it was found that the activity of L.plantarum strains is weakermwﬁ
i
lower temperatures and pH values. This could be explained by the more unfavourable cond
for their growth.

Conclusions o
1. L. plantarum was found to show a stronger antimicrobial activity towards Gram—positi ﬁ“
spore-forming and nonspore-forming microorganisms and a weaker activity towards Gram’ne
bacteria. 'mﬁﬂ/
2. Cultivation temperature and the medium pH values influence the intensity of the an??
bial properties of L. plantarum under experimental conditions.
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