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INTRODUCTION
Although red meat carries a heteroge­
neous microbial flora, the dry fer­
mented sausages develops a bacterial 
population comprised mostly of lactic 
acid bacteria (LAB). These bacteria 
have the potential to inhibit the 
growth of pathogenic and spoilage 
microorganisms and the possibility 
exists of using them as a safety 
factor to improve the hygienic quality 
and to extend the shelf-life of 
different meat and meat products.

Reduction of pH and removal of 
carbohydrates are the primary preser­
ving actions exerted by the lactic 
acid bacteria. It has been also 
recognized that LAB are capable of 
producing inhibitory substances other 
than organic acids that are antagonis­
tic toward other microorganisms (Da- 
eschel, 1989). These substances are 
produced in smaller amounts and 
include hydrogen peroxide, diacetyl, 
bacteriocins, and secondary reaction 
products. Thus, it was of interest 
to examamine the ability of a number 
of LAB isolated from Spanish dry
fermented sausages to inhibit a 
variety of pathogenic and food spoilage 
microorganisms, try to understand 
the mechanisms by which these bacteria 
exert their antimicrobial effect and 
to study a number of parameters 
associated to their growth at
different temperatures in a complex 
medium.

MATERIALS AND METHODS 
Bacterial strains
A total of 50 LAB isolates were selec­
ted among the colonies developed in 
MRS agar plates (Oxoid) from a number 
of samples of Spanish dry fermented

sausages. ^
was evaluated against selected 
cator bacteria from the Spanish ' 
Culture Collection (CECT) and f 
the AFRC Food Research Instil###
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other lactic acid bacteria as ^  
species of Micrococacceae, y
ecus, Pseudomonas, Bacillus  ̂
thrix thermosphacta and patho9 
such a species of Staphylococci-' 
Salmonella, Shigella, E. col# ^ c  
Yersinia and Listeria. Other 1—  ------------- —  — ----------

acid bacteria used in this wox
from the Federal Center 
Research (Kubnbach, FRG)
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Assay of the antimicrobial g o #
by the direct antagonism test
Wells of ca. 7 mm 0 were cut #  
agar plates (Oxoid) . 20 Ul jji 
es, previously grown overnig#1 , ji 
MRS broth, washed and resusp#
the same volume of medium, w e # ^ ^
to each well. The plates were 
ined 4 h at 32 QC and after re..■ ndi^the wells with MRS agar the $ß
microorganisms w e r e co v e r l a i d  # ltd-

6 cells #  V 1'plate with about 10 cexxo —o & 
of soft MRS or BHI agar (0.8^ &  
All plates were incubated at 
and the antimicrobial activity ^  
quantified measuring the cle# ^  
of inhibition around the well ' 
riments were also performed ^  £0#
ning the LAB cultures at 32 pj.3
24 h, before overlaing the 
with the indicator bacteria

Catalase effect
The effect of catalase on

C.&isolate was evaluated by &
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crobial activity of each s e # ^ #
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ning pregrown 24 h LAB isola ^  
single colonies. The plates 
maintained 4 h at 32 SC and 
ted indicator microorganism f e f p *  
ntum) was overlaid in 4 ml. f j 1 
MRS agar. All plates were i #  qV  
24 h at 32 gc and the catala^ ^
was quantified as reduction
clear zones of inhibition ab 
colonies
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.his overlaid with about 10

■®r paper discs (Whatman NQ 
LLLtn at room temperature,

° v e
. Soft o indicator strain in 4 ml

inctba+-0̂  BHI agar* M1 Plates ¡v t~hj^ te^ at 32 qc and the anti-
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discs

:jn~jp̂ t_treatment, proteolytic 
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 ̂h'itg gjf CeH-free supernatants 
Of Qf ̂ ^ robial activity against

oro^ ̂ ilatants were boiled for 
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assayed for activity. 
Of of -| J^®re also assayed by the 

y h 111! °f enzyme solutions
Ŝ to^slh ?o°tease II and XIV, typsin ^  g lgm) incubated with

^  ^or 1 h, and assayed 
^  activity of the 

t s ĥiiriq 4- k S a^:io evaluated after 
2“ 2C for 24 h 

pp buffer solution at 
values from 2.6 to 12.

.biochemical charac- 
iSo} --- folates

. iaily _ fs °f interest were 
j stg lohs gv, o 3ected at the growth

^ ’Oorimca -,caffural and biochemicE 
eh by Schillinger and 

^  ̂ CaU o n the rapid and simple 
g rrppr I Lactobacilli from 

r Products.

at different

t0 °btaiJnts Were done in MRS onlture supernatant

fluids for lactic acid determination 
and final pH as well as to determine 
growth rates (td, doubling time) and 
cell yields. Growth was monitored at 
4, 8, 15, 20 and 32 qc by measuring 
the absorbance of the cultures at 660 
nm. Growth rates were calculated from 
the linear portion of the log absor­
bance at 660 nm vs. time plots for 
each strain. Final pH was recorded in 
a Radiometer pH meter 28 and cell dry 
weights were calculated from plots 
correlating gravimetric determinations 
vs. absorbance values at 660 nm. Lactic 
acid was determined by the L—lactic 
acid enzymatic determination test 
(Boehringer Mannheim).

RESULTS

The antimicrobial activity of 50 LAB 
isolates from Spanish dry fermented 
sausages was evaluated against selec­
ted saprophytic and food pathogenic 
bacteria by the direct antagonism test, 
where most of them showed a quantifi­
able antimicrobial effect. Eight iso­
lates were selected for their maximum 
effect when compared to the others. 
Their antimicrobial activity was higher 
against other lactic acid bacteria, 
but nevertheless, a quantifiable effect 
was also observed against Gram negati­
ve and positive food pathogens (Table 
I). Their inhibitory effect was grea­
ter when the lawn of indicator bateria 
was deposited in the test plates after 
24 h growth of the LAB isolates at 
32 QC.

The eight LAB isolates were fur­
ther identified by their microscopic 
appearence, Gram staining, catalase 
activity and most of the cultural and 
biochemical tests recommended by 
Schillinger and Lucke (1987). Using 
the rapid and simple identification 
scheme proposed by these investigators, 
all LAB isolates were tentatively 
identified as Lactobacillus sake.

The effect of catalase on the 
antimicrobial activity of the isolates 
was tested against L. fermentum as the 
indicator microorganism. The inhibitory 
activity of L. sake 2 was strongly 
reduced (90%) by the addition of 
catalase, whereas the rest of the 
isolates showed a much lower reduction
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TABLE I. Antimicrobial activity 
indicator bacteria

of selected LAB isolates onto several

LAB isolate Ne

! 1 20 23 29 38 77 14!

indicator a D a D a b a b a b a b a b a

L  f e r m e n t u m 44 + + + + 44 4 4 4 4 4 44 4 4 4 444 ++

L .  D l a n t a m m 44 +++ 4 44 0 4 0 4 4 44 4 44 444 4+

L. diveraens 4 4 44 44 444 4 44 0 44 4 444 +++ +++ 4.++ 4

M. v a r i a n s 4 + 0 0 0 4 4 4 0 4 0 4 0 4 0

B. th e r m o s o h a c t a 4 4 4 4 4 4 4 4 4 4 44 0 4 0

£. x y lo s u s 0 0 0 0 0 0 4 0 4 0 4 0 4 0

S , ia e c a iis 0 0 0 0 0 0 c 0 4 0 4 0 4 0

E ,  clo acae 4 0 4 0 0 0 4 0 0 0 4 0 4 0

E. coll BW545 4 0 44 0 0 0 44 4 4 4 444 0 4 0

L coll K99 4 + 0 0 0 0 0 4 0 c 0 4 0 4 0

S . t v D h i m u n u m 4 + 0 4 4 4 4 4 4 4 4 4 0 44 0

S . f l e x n e n i 0 0 0 0 0 0 0 4 0 0 4 4 0 44 0

S .a u r e u s 4 + 0 0 0 0 0 4 0 0 4 4 0 4 0

Y . e n t e r o c o h t ic a 4 + 0 4 0 0 4 44 4 4 4 4 0 4 0

P s e u d o m o n a s  D C 7 0 + 0 0 0 4 0 4 0 4 0 0 0 4 0

L .  m o n o c vto o e n e s  

B s t e a r o t h e r m o -

+ 4 4 4 4 4 4 4 4 4 4 4 0 4 4

Dhilus 0 0 0 0 0 0 4 4 0 0 + 4 0 0 0

+++

+4+
K4
+
0
0
0
+
+
0

0

0

+
0
0

++

a. Indicator strains seeded 4 h later than LAB isolates
b. Indicator strains seeded 24 h later than LAB isolates ■ rja^
- Antimicrobial activity expressed as the area of the halo of inhibit-1'

mm^ x -|o~2 /Klett units:
0 : No activity
+ : 0-20 (mm2 x io-2 /Klett units)

++ : 20-40 ( " " )
+++ : 40 ( " )
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^timicrobial activity of concentrated cell-free culture supernatants 
from L. sake 77 and L. sake 148

INDICATOR BACTERIA
L. fermsntum L. curvatus L. diverqens L. brevis L. monocytogi

++
Us

+ ++ ++ 0

* growth rates, final pH, maximum cell dry mass and L-lactic acid pro-
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(10-17%) of their inhibitory effect.
Two isolates, L. sake 77 and L. 

sake 148, showed in their concentrated 
cell-free supernatants an antimicrobi­
al activity against other lactic acid 
bacteria and a Listeria monocytogenes 
strain (Table II). The boiling §5 
these extracts for 15 min reduced 
their activity in a 60 to 80%, whereas 
the activity was lost by heating to 
120 QC for 20 min. The inhibitory 
activity was totally lost by incubation 
of the extracts with 1 mg/ml of papain, 
proteases II and XIV, trypsin and 
pepsin. The activity was found to be 
a maximum at pH 4.6 to 5.6.

The effect of temperature on the 
growth of the LAB isolates in a com­
plex medium (Table III), showed that 
most of L. sake isolates grew and aci­
dified the growth medium at 4 QC, 
whereas the L. curvatus and L. planta- 
rum strains had only a residual growth 
at this temperature. At 32 QC, L.cur­
vatus and L. plantarum showed higher 
growth rates and L-lactic acid produc­
tivities than the L. sake isolates.

CONCLUSIONS

As it has been already acknowledged, 
the production of lactic acid and the 
reduction of pH may account for most 
of the antimicrobial effect shown by 
the lactic acid bacteria isolated 
frcm Spanish dry fermented sausages.
The identification of the isolates as
L. sake it is not surprising since it 
has been observed (Lucke, 1986; Schi- 
llinger and Lucke, 1987b) that this 
species may become dominant at the 
lower ripening temperatures normally 
used in Europe for most of the dry 
fermented sausages.

However, it is interesting to note 
that one of the isolates, L. sake 2, 
may increase its antimicrobial effect 
by generation of higher amounts of 
hydrogen peroxide, surely by several 
different mechanisms (Gotz et al. 1980; 
Handler, 1983). The antimicrobial acti­
vity of hydrogen peroxide is well 
recognized and documented (Daeschel, 
1989).

Two more isolates, L. sake 77 and
L. sake 148, manifested an antimicro-

bial activity on their concent^, v 
cell-free supematatants, whic „t/ÿ 
basis of their sensitivity to
fferent pH and proteases, hss>e 
tentatively assigned as bactet1 ̂  
By definition, bacteriocins 
tein-containing macromoleculeS
exert a bactericidal mode of jl 
on susceptible bacteria (Tag!
1976) . Specific bacteriocin t 
on sensitive cells and plasrni'^i' 
determinants of production an. ,
ty are among the secondary 
for defining bacteriocins (&*-
1988) . The ability of these 
cins to inhibit foodbome P3^1 $ $  
such as L. monocytogenes, 
attractive as potential preS®7 ĉi S' 
agents (Hoover et al. 1988; ™  
al. 1988)

Most of the L. sake ■ted . . atned from Spanish dry ferment < p  
ges grow and produce lactic . ̂  t 
low temperatures, showing Pr°at $  
being used in a variety of ^ ^ 0t  ̂  
meat products as a safety faC 
inhibit psychrotrophic food 
microorganisms and pathogens 
the isolates synthesize ©the
crobial metabolites such asitfP >ifperoxide and bacteriocins, ■" 
their potential as food PreSe
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