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V
L  ABSTRACT
^ry . aPplieri in
\  lniension t m eat techno ,° 9y m ay con ta in  m olds, yeasts and bacteria . M olds have been selected w ith  the
„  °9V arp exc |ude any poten tia l fo r m yco tox in  p roduction . Their sensoria l e ffec ts  and the  requirem ents o f 
*1$ c alSo crito  • ,
’3te rfi aPpiieq ria ' ° r su^ a^ 'e sta rte rs . The ir genetic po ten tia l can n o w  be m odified by genetic  engineering.

A c tio n  r,f ° r sensoria l reasons m ain ly. The species in use are on ly w eak ly  fe rm en ta tive  and do no t enhance
V  irvi ° acteria|Vih. ^Por com ponents  o f s ta rte rs  cons is t o f m ic rococc i, s taphy lococc i, lac tic  acid bacteria  (LAB) and,

Nm!rtie
°Pt

rtance c ,  . ---------------------  --------------
• o ire p to m y c e s  g r is e u s  o r A e ro m o n a s  spec.. For se lection o f the  appropria te  organism s and fo r

V  shouid
■'Plum y n s e u s  or M e ro m o n a s  spec., r-or se lection o t tne  appropria te  organism s and fo r

^°Pld / )er^0rrnance 'n the  fe rm en ta tion  process, the ir techno log ica l, eco log ica l, physio log ica l and genetica lVJU|Q ^  ----------  ---------- -------------.. v/vvivy.vui, yj I . yu.oioyioui anu ycucuuai
\  Qr9anism<i ■ Wel1 k n o w n - M ost know ledge  is present fo r LAB w h ich  represent the  m ost im po rtan t group o ft _ • -----------------------&  r - --------------------- --------- —  -v, '"ooi. ii i ipui lum. yi uup i[Dr d  ^IH c p  11

P'entati tney are invo lved in the  fe rm en ta tion  o f all types  o f p roducts  and con tribu te  to  each single aim 
'c ri*i. ll0n p ro c e «  ________ .u ______________ •....................................................................................................

( HJ|- < . . .  w  ________ ____ , ______ _____k.w. w . r«vkvaaklvn

S j Ve Cultures° nly ln the  classica l fie ,ds o f s ta rte r app lica tion  bu t also in new  fie lds w here  th e y  m ay be em ployed as

r|'sks P o t

ton pro 1 cav.il on ly ic aim
cess. The s tu d y  o f the  p roperties o f the  organism s m ay also con tribu te  to  reduction  o f po tentia l

-'Higl "-Ures th ----------- ----- ------ ------ ------------ ------- 7 "K'v, ao
W. tQ redii,.„ , 8t inh ib it the  g ro w th  o f food  pathogens or even spoilage organism s. S trains w ith  an im proved 

'° r Suer r|sks and to  exh ib it fu rth e r usefu l properties can be obta ined by means o f genetic  engineering.

6st in

sUcc anu lu  e xu iu ii run n e r usem i properties can De oota inea by means o t genetic  engineering.

Sfully m odified m eat spec ific  bacteria  are S ta p h y lo c o c c u s  c a rn o s u s  and lactobacilli (L . c u rv a tu s  and

'I, aPP the pt, U^ ures ln m eat fe rm en ta tion  has s trong ly  increased and num erous exce llen t rev iew s deal w ith  

- 0 s increased VSlolo9 'cal and techn ica l aspects o f s ta rte r cu ltu res (LÜCKE, 1985 ; HAM MES et al, 1990 ; INCZE, 

an9e of f  te rest m ay resu lt from  both  the  obv ious advantage provided by the exis ting  s ta rte r preparations'as y of food " U,M u u l"  u ,c uuv iuus duvaruage proviaea Dy tne exis ting  s ta rte r preparations
SUraPce r °  m anufac tu rin g  from  small fac to ries  in to  industria l d im ension. Especially the modern concep ts  o f 

\  C°Ptributl> Ulre the  app lica tion  o ftyQr)̂ "iribute to ' C me app lica tion  o f every means to  ob ta in  p roducts  o f a high standard in qua lity , and sta rte r 

(lv) shelf i i f g 11 lm provem en t in (') hyg ienic sa fe ty , (ii) sensoria l a ttrac tiveness , (iii) high and even level o f

- V V s  canIL r cij|t Can be Q
<lt ° ° C reS' With th tamed When SUitable ra w  m ateria ls and techno log ies are available toge the r w ith  appropria te  
X ; > p r 0d; se preparations it is fu rthe rm ore  possible to  im prove the  econom y o f the  p roduction  process 

\ b 6 be treated UCtS W h'Ch canno t be Produced w ith o u t s ta rte rs . In th is  o ve rv ie w  the  m icrob ia l aspects o f s ta rte r 

° f Use 'n s0 t096 ther w ith  the  eco log ica l, m etabo lic  and genetica l background th a t a ffe c t m eat fe rm enta tions
| ^ 0öj ' S° me fu tu re .

30NEN)TS o f  s t a r t e r  c u l t u r e s(C1L e CQftipiled the
Drodlj a|- 1985) t  m icrob ia l com ponents  o f m eat s ta rte r cu ltu res th a t are com m erc ia lly  available in Europe 

tS COfT|rnenna^e h 'Story o f tbe  inves tiga tion  o f the  m icrob io logy and the  app lica tion  o f s ta rte rs  in fe rm ented 
w ith  yeasts  (CESARI, 1919 , CESARI and GUILLIERMOND, 1920).

In m eat fe rm en ta tion

C d nd id a  fa m a ta

n u ru  p  „  , .
• ' la lg io v e n s e
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Lactic acid bacteria
L a c to b a c il lu s  p la n ta ru m , L .  s a k e , L .  c u rv a tu s ,  P e d io c o c c u s  a c id lla c tlc i, 

P . p e n to s a c e u s , L a c to c o c c u s  la c t is  

Micrococci
M ic ro c o c c u s  v a r ia n s  

Staphylococci
S ta p h y lo c o c c u s  c a rn o s u s ,  S .  x y lo s u s  

Actinomycètes
S t re p to m y c e s  g r ls e u s  

Enterobacteria
A e ro m o n a s  spec.

( i f
Y E A S T S  ggM  ,
More recent investigations of yeasts involved in meat fermentation were performed by LE ISTN ER  an  ̂ ^53
authors described D e b a ry o m y c e s  h a n s e n ii as the most common species in fermented meat products
and LE ISTN ER  (1972) used this species as starter. They observed positive effects w ith regard to the
characteristic yeast flavour, and stabilization of the reddening reaction. D . h a n s e n ii  and the impe^

f e d  flf ^

fa m a ta  are used in starter preparations and should be added to the sausage mixture at 10
6  c fu/9

r6n

characterized by high salt tolerance (growth above aw = 0.87) and by aerobic or weak fermenta1' J 'j
r e d cl A

Therefore, these yeasts grow mainly on the surface and in the outer part of the sausages. Nitrate fi
property of the yeast starter. It was observed that these yeasts may slightly inhibit nitrate reduc

t i e d

sausages which is performed by micrococci (M EISEL et al, 1989).
D . h a n s e n ii is haploid and improved strains can be obtained by crossing experiments. For example 
has breeded strains with broader spectra in sugar fermentation in combination with nitrite utilization 

that exhibited only restricted metabolic activity.

E

A

from r

FUNGI
Mold fermented foods are found in many human cultures. In Asian countries these products are based {l 
of plant origin, whereas in Europe substrates of animal origin are fermented such as cheese, ferm e h*v ¡i
ham. In Northern Europe smoking of sausages is the common practice, but mold ripened sausa9e
tradition and are preferred in mediterranean and south-east European countries (LE ISTN ER , 1986)
characteristic surface appearance and flavour. The latter originates mainly from the proteolytic and HP0'
V» I IU I  U  1 C  I IO LI Vs O U I  I Q u C  O ^ p t / Q I  U l  IV/O Cl I l\_l I I U  VV/VJI 1 I I IV»  lU V IW I  WI i y n  1  > ’ j j]  '

the molds. Further effects of mold growth consist in prevention of adverse effects of oxygen and i;
discolouration (GEISEN et al, 1990). In addition, the drying of the sausages proceeds more evenlV'

spec"» Jinocula for the sausages originate from the environment and, therefore, a great number of different
l e i s 7 , /

K

the sausages. An extensive survey on mold species isolated from fermented sausages is given by
0 < / ,

th ,
(1967). Apparently, the most common species belong to the genera Pénicillium and Scopulariopsis• ^ pr

the practice of inoculation by chance arise from the fact that many species of Pénicillium are mycot° ¡ ¡f ly y
strains of S c o p u la r io p s is  b re v ic a u lis  are involved in skin and nail infections. LE ISTN ER  and ECKAR)7 wfij

- - I0 ' /
that about 80 % of the P é n ic il l iu m  isolates from sausages were able to produce mycotoxins on artifiC

mo|d /out of 17 investigated mycotoxins could also be found in meat products (LE ISTN ER , 1984). Thus, 1
ting)'developed without any potential for toxin production (proven by chemical and biological testing)'^ 

LE ISTN ER  (1972) selected a non-toxic strain of P .  n a ig io v e n s e  which possessed good technology j  l,>k 
which was later on used in a starter preparation. The different toxicological tests necessary to select 

were described by FINK-GREMMELS et al (1988).

nOrr

K

\

i lc i
Based on the experiments with mold starter preparations essential properties of optimally perform 
described which are compiled in Table 2.

iin0 V « 0
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« / ,
el of'

f /

!rn
fer ant properties o f m olds applied in s ta rte r p reparations fo r m eat 

mer|ta tionV '9enic anH
l lfil|)etitive n°  pa tho9enic po ten tia l 
rrTl and lastj 9a'nSt m icr°o rgan ism s g row ing  on the  surface 

^  Glanced ^ Sudace ntycelia  o f a w h ite , ye llow ish  or ebony co lour 
^ t e r k t -  ProteolV tic and lip o ly tic  a c tiv ity  

^  Stic rn° ld y  aroma

Ä on'to*icV h b° tra ins o f P .  c h ry s o g e n u m  are applied w h ich  have been selected fo r the ir a b ility  to  produce thetecl -vipy C0|0u • ' ' " • r w y c n u u ,  me appneu w n ic ri nave Deen selected to r th e ir a b ility  to  produce the

Stra'ns o f p ° Ur 'nstead o f the  green co lou r w h ich  is cha rac te ris tic  fo r the  w ild  typ e  s tra in . HW ANG (1991) 

^ tbe RUrfac n a l9 lo v e n s e  and p - c h ry s o g e n u m  th a t proved to  be non -tox ic , com pe titive  aga inst contam inants , 

of 3nH " "

ira Surface ------- ‘ ~ m a i iu  ub M un-ioxic, com pe titive  aga inst contam inants ,

!ara'°ns of a and 9ave rise t0  sausa9es o f 9 ° od qua lity . He also dem onstra ted  th a t the  com b ina tion  in s ta rte r 

^  ar'"1 m a n ° f  P e n ' c ,, l,u m  and one stra in  o f S c o p u la r io p s is  Candida resulted in g rea tly  im proved visual
01 ^  i,«,_j mness o f th e m yce lium  on the  surface, bu t fo r reasons m entioned above, s tra ins o f S c o p u la r io p s is1 used

!rba
% lrkabi

ln starters.

D e that p
(a by w hich h n a g ' ° v e n s e  has been subJected to  genetic m od ifica tion . GEISEN and LEISTNER (1989) developed

% hyl° c o cc us e te r0 logous 9enes can be in troduced in to  P .  n a ig io v e n s e . W ith  th is  m ethod the  lysostaph in  gene

l° ly?e cp ik S ta p h y lo ,y t ic u s  w as transfe rred  in to  P . n a ig io v e n s e  (GEISEN e t al, 1990b). The transfo rm ed stra in  e||s o f ,
çi\Q' . y<G C0|j vvao u a i io ic i ic u  n i iu  r

/  C v S ^he food pathogen S ta p h y lo c o c c u s

/  \
\ d°!,bacterial

a u re u s .

th e effect Jfta rt6 r Cultures comnr,enced w ith  the  app lica tion  o f M ic ro c o c c u s  M 53  by N IN IVAAR A (1991) w ho  
Sn tbe s ta rte r organ ism  as fo llo w s :

J

A

dr
°P i'n N a t io n

PH
• % n g th 
i > , Dr? th e d esired
% s l r° Cessing

tex tu re

$  hr 0nir0|lin9°thehegrPorOCeSS
w th  o f food  pathogens and spoilage organism s

V "

/

i°S(/s { § r ° C° CcCs ^ r ° C0CCUS M 5 3  w as subs titu ted  (POHJA, 1960) by o the r organism s am ong w h ich  a fe rm enta tive
l0S t 9 ChiLEll=ER Was ln itla lly  iden tified  as S ta p h y lo c o c c u s  s im u la n s  and la ter on w as a llocated to  S ta p h y lo c o c c u s

prepari,*anCi FISCHER' 1982). In add ition , o the r m icrococc i and s taphy lococc i w ere incorpora ted  in to 
atl°ns .

hr u  a S h a r  'h e a r e
^  trjr° duct of a Pr° PertV th a t th e y  possess n itra te  reductase a c tiv ity  bu t do no t reduce n itrite . This n itrite  m ay be 

r j  is subje ICrobial u itra te  reductase a c tiv ity  o r is added d irec tly  as the  curing  aid. During the  fe rm en ta tion  

i ^ 'H  is a pr^ed t0  chem ica l reactions am ong w h ich  acid cata lyzed d isp roportion ing  is m ost im portan t. 

Je|yi% Cc.e stab|e a °  UCt ° f  th 'S re a c tio n - N itrogen m onoxid  reacts w ith  m yog lob in  to  fo rm  n itrosom yog lob in  w h ich  
' C° nsist m ^ cha rac te r's tic  red cured m eat co lour. A dd itiona l properties a ttribu ted  to  m ic rococc i and

/;■«

4

/ j.
A
A

\  'Slit

■ %

“  ves1 addin9 t0  the  fe rm en ting  m ix tu re  the  ac tiv ities  o f cata lase, lipase and protease, ensuring the 

f° rrbed a fla vo u r- Catalase a c tiv ity  is considered to  be im po rtan t fo r the  rem oval o f hydrogenperoxide  

9rid shelf r ,  9 meta b o lite  by LAB and represents a strong  oxid iz ing  agens exerting  adverse e ffe c ts  on 

' \ N n d ° f  the  sausages.and stgph u,c sausages.

Pier, . 0cocci are on ly  d is ta n tly  phy logene tica lly  related bu t th e y  share certa in  habita ts, e.g. skin anda n d
animals

and, in add ition , th e y  exert s im ila r techno log ica lly  desired e ffe c ts  on sausage ripening.
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3 ¡1 °
I 'il l

M ic ro c o c c u s  v a r ia n s  is the  on ly  species in use w ith in  the  genus M ic ro c o c c u s . It is on ly  w eak ly  fermentativ 
grow s on ly  poorly in the anaerob ic env ironm en t o f the  in te rio r parts o f the sausages. The organism  PoSŜ ei( 

reductase w h ich  is active  even a t tem pera tures b e low  15 °C  (dow n to  5 °C ) (MEISEL, 1988)/

i f c .

S ta p h y lo c o c c u s  c a rn o s u s  th is  a c tiv ity  is no longer de tectab le  be low  th is  tem pera tu re  (HAM M ES, ^ il ly
advantage o f M ic ro c o c c u s  v a r ia n s  arises from  a rather psycho log ica l background. Based on a safe histoO^ 

is safe w ith  regard to  any to x ig e n ic  and pathogen ic po ten tia l. On the  o ther hand, the  genus S ta p h y l° c°  ^ j,, 

several species th a t have been isolated from  diseased persons (e.g. S ta p h y lo c o c c u s  x y lo s u s )  

GEMMELL and THELESTAM, 1 981 ). No such reports ex is t, how ever, fo r S ta p h y lo c o c c u s  c a rn o s u s .

(• 'Us

S ta p h y lo c o c c u s  c a rn o s u s  is the  m ost im portan t com ponen t o f s ta rte rs am ong the non lac tic  acid bacteria ^  

able fo r a Gram positive  o rgan ism  th a t the  genetics o f S ta p h y lo c o c c u s  c a rn o s u s  is excep tiona lly  w e ll *nve 

genetic  engineering w as applied on it success fu lly . G enetical m od ifica tions  th a t have been perform ed wit*1 

S ta p h y lo c o c c u s  c a rn o s u s  are com piled  in Table 3.

is'1

\

*0(11

Mo

Table 3: Gene clon ing  in S ta p h y lo c o c c u s  c a rn o s u s

Phenotype Ana lyzed gene(s) or 
gene p roducts

O rigin

Ribose degradation ribokinase

ribose uptake prote in

S ta p h y lo c o c c u s  h y ic u s

A rabinose degradation L-arabinose-5-P,
4-ep im erase

S .  x y lo s u s

Xylose degradation xy lose  isomerase
xy lu losek inase2
repressor2

S .  x y lo s u s

Urea hydro lys is urease S .  x y lo s u s / S .  a u re u s

T rig lyce ride  hydro lys is lipase S .  a u re u s  I S .  h y ic u s l  
S .  x y lo s u s

Endopeptidase lysostaph in S .  s ta p h y lo ly t ic u s

DNA hydro lys is DNase S .  c a rn o s u s

Sucrose degradation sucrose tra n s p o rt3 S .  x y lo s u s

Sugar transpo rt enzym e I1 S .  c a rn o s u s

Starch hydro lys is a-A m ylase B a c il lu s  s te a ro th e rm o p h ilu s

Cellulose hydro lys is cellu lase C lo s t r id iu m  th e rm o c e llu m

The data w ere derived from  GOTZ (1990 ) and are supplem ented w ith  reports  o f KOHLBRECHER et a* 

SIZEMORE e t al (1992)2  and W AGNER e t al (1992)3.

In our studies (HAM M ES, unpublished results) s tra in  T M 3 0 0  used by GOTZ proved to  be no t suitable

h

L

\

%

s
* i 

'Si 
\

g9ÏÏ 1 R f .

y j X%

because o f its poor com pe titiveness. N everthe less, based on the available know ledge , it appears P°sS' 

qu ick ly  m od ify  o ther, m ore co m pe titive  stra ins o f S ta p h y lo c o c c u s  c a rn o s u s .

b * e ’

LACTIC ACID BACTERIA

The application o f lac tic  acid bacteria  (LAB) in m eat fe rm en ta tion  is o f param ount im portance  fo r
th e  s jtí J

fe rm enta tion  process. These organ ism s are app licab le  to  all types o f fe rm ented sausages and con tt|D iMfi

X
X\
s

V

f ^  (i
e t al (1955) in the  U .S .. W ith  th is  o rgan ism  a successfu l s ta rte r cu ltu re  w as created fo r p roduction  0

the  process (HAMMES e t al, 1990 ). H is to rica lly , the in troduc tion  o f LAB in to  the  m arket proceeded 0<]̂  ^

the U .S .A . and in Europe. P e d io c o c c u s  c e re v is ia e  (la ter iden tified  as P e d io c o c c u s  a c id ila c tic i)  was

' '  /  
w' „

f y
42  °C . In add ition , P e d io c o c c u s  p e n to s a c e u s  w as in troduced  fo r ripen ing processes a t low e r tennpe 
op tim um  o f th is  species is 3 5 °  C.

'ati(

The high fe rm en ta tion  tem pera ture  (3 7 °  C), the  use o f a n itrite  cure and sho rt ripen ing tim es are s*3e^  *or 

sausage and P .  a c id ila c tic i w as w e ll ac ting  in con tro lling  the  process because the  op tim um  9r°  N iS|
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V i at first L .

X a re p la n ta ru m  w as in troduced  in com b ina tion  w ith  m ic rococc i (NURMI, 1966). L .  p la n ta ru m  and the

\
%

and i
th e

essential com ponents  o f s ta rte r cu ltu res on the  m arket (HAM M ES e t al, 1985). As fu rth e r specie 

sa k e  w ere  incorpora ted  in to  s ta rte r preparations. These tw o  species have in com m on th a t th e y- i------------------------------------------------- ------------------------ «»..w. .v». i i jpuu ico  nave 1 1 1  UUI11! IIUM Ll id l Ulcy

|PetitiVeraCter'StiC m icro flo ra  9 ° ve rn in 9 the  m icrob ia l process in uncontro lled  m eat fe rm en ta tions . They are 

(/"' j||. the fer and Wel1 adaPted to  th is  env ironm ent. W hen incorpora ted  in s ta rte r p reparations these organism s 

'a l  1g entati0n p r° cess from  the  po in t o f inocu la tion  up to  the  tim e o f consum ption  (REUTER, 1967 ; 

,Sj In our group these organism s and especially L .  sa k e  w ere  studied w ith  regard to  techno log ica l,1 Phys
° i°9 ica l and genetica l properties.

of
' a c t iviv ity0° d te c hno logy in the  eco logy  o f the  s ta rte r organism s arises from  the  necessity  to  con tro l the ir 

to kn0w /  faCtors t 'ia t  can b® in fluenced by techno log ica l means. For fe rm en ta tion  o f m eat it is, there fo re , 

ie 1 in Sausg ° W the organism s respond to  param eters as tem pera tu re , w a te r a c tiv ity , fo rm ula  e tc .. This typ e  o f 

lio> e rs Was b o d ie d  by LAND VO G T and FISCHER (1990 , 1991) w h o  provided data th a t a llo w  both to

at are m ost su itab le  fo r a given process and to  au tom ate  the  fe rm en ta tion  process. In th isv * rter#
'6ra*. ' strai

atUr6s ns o f l . c u rv a tu s  w ere  characterized as being able to  low er the pH linearly over a broad range o f 

9re UrVat<Js ancj ,
(8) eSpecia||y ‘ S a k e  Can be isolated from  various hab ita ts. H ow ever, those s tra ins isolated from  ferm ented 

V  ^ eV are WSl1 adapted to  th is  hab ita t and ou tnum ber isolates from  o ther hab ita ts (HAM M ES, unpublished 

® rr'eat t,y nera"Y Psy c b ro troph ic  and d iffe r from  the m ore know n  lactobacilli th a t are also associated w ith  

\ t the ir lo w  pH -to lerance (pH lim it 3 .9 -4 .1 ) (HAM M ES e t al, 1990).

> ,  pro^ ° Pha9es and the Presence of prophages have been described for L .  sa k e  (LEUSCHNER et al, 1992). 

„ Matrix of amS caused bV Phages in sausage fermentation were however not yet described. Apparently, the 

k*>. h V' ba,  V
th e fe rm en ting  m eat m ix tu re  is no t su ited fo r phage d iffu s io n .

Ic'e r0c in .
>r the Were described fo r L .  s a k e  and L .  c u rv a tu s  (SCHILLINGER and LUCKE, 1989 ; TICHACZEK e t al, 

-  6 lactlc acid bacteria  present in the  available s ta rte r cu ltu res do no t exh ib it th is  p roperty . Bacteriocins

i -i ¡s 1 SlJbstrate 0rnp° Unds and m ay co n tr ib u te  to  an im proved com pe titiveness o f the  s ta rte r s tra ins in the 

f ^ ù J ÜpD° rtecj , There is hope th a t the  app lica tion  o f bacterioc in  p roduc ing  stra ins helps to  reduce hyg ien ic risks, 

\ \ c^  a| (1gV the fa c t th a t these com pounds are especially ac tive  aga inst L is te r ia  m o n o c y to g e n e s . In fa c t, 

~ SuPpre * C0Uld Sh° W th a t under p ractica l cond itions  the  app lica tion  o f a pediocin p roducing  stra in  o f 
Ssed the  g ro w th  o f th a t food pathogen.

21’' K
k tr h rfis

k >¡Qn^ QWn f|ê  ned from  stud ies o f bacte rioc ins, app lica tions o f bacte rioc in  p roducing cu ltu res are possible o r

K
Of

anH
9re Cali °  p roducts , e .g . fo r the tre a tm e n t o f non fe rm ented sausages and carcasses. In th is  cases the

’OkH le d  —

f c v

V s , " 1 Pie,

Pathn Pr° te c t ive cu ltu res , thus , expressing the ir p ro tec tive  po ten tia l aga inst spoilage organism s or the 
u9ens.

N ,  S(jrTlen' ation rr ien ta tion  are fa cu lta tive ly  hom ofe rm en ta tive , i. e. lac tic  acid is v irtu a lly  the  on ly  p roduc t o f 

| r'0c6sCc'r'ate and 6 Poter>tial is how ever p resent fo r p roduction  o f o the r m etabo lites as fo r exam ple CO2 , aceta te , 

\ < j 5 9rY f0 s t( jaCe' o in - ^  is kn o w n  th a t aberrant fla vou r notes may occu r in ferm ented sausages and, the re fo re , 

X N  be pr V tbe  Physio log ica l po ten tia l o f s ta rte r organism s w ith  the  aim to  exclude, th a t undesired 

b terk^ P ° d uced during fe rm en ta tions . In our group w e have observed th a t the em p irica lly  elaborated 

9y leads to  a clean lac tic  acid fe rm en ta tion . For exam ple, n itra te  and n itr ite  bo th  inh ib it1» t o >  iya
V  ' ldQf

I£q ■vimvMiuuvM. i wi bAampi&f M iuaic aiiu IIIUIIC UULII II II11UIL

9ddition la c to b a c illi’ w he reby  fo rm a tion  o f fo rm a te  is prevented in fe rm ented sausage (CSELOVSZKY 

aCe' ate the  anaer°b ic  cond itions  to g e th e r w ith  the  in itia lly  h igh concen tra tion  o f sugar coun te rac t the

V d Of h _
6  a n b  C O .

Ca'aigSe 2 by is o f p ractica l im portance (v id e  s u p ra ) and the  same is true  fo r the  presence in these 

w hich enzym e a c tiv ity  rem oves th is  noxious com pound. The presence o f catalase in meat LAB
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and th e ir po ten tia l to  fo rm  H 2O 2 are com piled in Table 4.

Table 4: Potentia l o f m eat LAB to  produce H 20 2 or to  e xh ib it catalase a c tiv ity

Species 'fo rm a tio n  o f presence o f the  a c tiv itie s  o f

i2 ° 2H 0 O 0 pseudocata lase true  catalase

L .  p la n ta ru m ± ± ±

L .  sa k e + - +

L .  c u rv a tu s + - -

P . p e n to s a c e u s - + -

P . a c ld lla c tic i + - +

*, de term ined as described by LUCKE e t al (1986 ); +  , p rope rty  is present; 

p rope rty  is absent; ± ,  s tra in  dependen t p roperty %

r
a c f

From th is  tab le  it  can be concluded th a t accum ula tion  o f H 2O 2 can be expected on ly  fro m  L .  c u r v a t u s ^

L .  p la n ta ru m  and the  ped iococci e xh ib it catalase a c tiv ity . Rem arkably, these bacteria  con ta in  tw o  

enzym es, nam ely pseudocata lase (or m anganese catalase) and a true  cata lase. The la tte r requires f ° r 

is p resent in the  env ironm en t w h ich  is abundan tly  the  case in m eat. Thus, both  types  o f enzyrne ^  

fe rm en ting  sausages. A  co rrespond ing  heme dependent a c tiv ity  w as also described fo r the  n itrite  re ^  

stra ins o f L .  p la n ta ru m . On the  o th e r hand, a heme independent n itrite  reductase is present in L .  S 3 k 

1990)

/
a r e . A ,

Results
For deve lopm ent o f fla vo u r the  a c tiv itie s  o f proteases and lipases are essentia l prerequis ites. ^ , 

DEMEYER and S AM EJIM A  (1991) suggest th a t the  m ajor protease a c tiv ity  is, how ever, derived froO1 J  1

enzymes o f the  m eat. On the  o the r hand, lipases appear to  be su ffic ie n tly  p resent in lactobac ^‘ ¡lli V
s ign ifican tly  to  the  fo rm a tion  o f fla vo u r com pounds derived fro m  lipid m etabolism  (BERGER et al,  ̂

KEMNER, 1989).

ggo;

i s c

V

W hen se lecting s ta rte r o rganism s th e ir po ten tia l to  fo rm  b iogen ic am ines should be kn o w n ■ ^

0f the 'V i ' ' ' ! )
decarboxy la te  certa in  am ino acids and fo rm  ty ram ine , pheny le thy lam ine  or h istam ine. These com pw* '^ ^ | i  

e ffec ts  on hum an health . Putrescine and cadaverine  may also be fo rm ed and streng then  the  e ffe c t

co m p °ur^

__________ ____ _________________________  _ fee t o f tl

The lo w  pH and w a te r a c tiv ity  p reva iling in the  fe rm en ting  substra tes enhance am ine fo rm a tion  ar1t̂  

presence o f precursor am ino acids or peptides (STRAUB et al, 1991 ). By se lecting co m pe titive  

the  po ten tia l to  deca rboxy la te  am ino acids th is  hyg ien ic risk can be reduced. In our i

presence o f precursor am ino acids or peptides (STRAUB et al, 1991 ). By se lecting co m p e titive  starter
, n v . ^

unpublished results) we have observed that decarboxylating activity is not present in strains ot

species L .  c u rv a tu s  con ta ins  stra ins w ith o u t any po ten tia l and o thers  th a t fo rm  up to  fo u r d iffe re n t amirvA

GENETICS

The s ta rte r cu ltu res presen tly  in use have been selected based on the  natura l endow m en t o f m icroCS t 

properties and on the  requirem ents o f te ch n o lo g y . N evertheless, the  m ore w e  kn o w  abou t m icrob1 

realize th a t even be tte r perfo rm ing cu ltu res  m ay be created.

n¡51

The op tim iza tion  o f s ta rte rs  by means o f m u ta tion  and se lection  is tim e  consum ing and does not 

because these are no t w ith in  the genetic  po ten tia l o f the  spec ific  species or stra ins.

a d d 1

%

s

h e  ^  AOn the  o the r hand, som e useful p roperties  can be found in o the r organ ism s, w hose  genes can u ^

them  in to  com pe titive  s ta rte r s tra ins by means o f genetic eng ineering (HAM M ES and VOGEL, 199^*' 

these techn iques a ffe c ts  various aspects o f the  usefu l organism s w h ich  can be sum m arized as fo l lo ^ 5
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S]j % b y ^ eth°d  f ° r lac tobac illi proved to  be e lec tropora tion

V 6cj k
‘"'dersj n°w le d g e  o f the  genetic  po ten tia l o f the  s ta rte r organism s 

d'n9 (and m od ify ing ) the  regu la tion  o f the  expression o f 

rt>duc-S natural|Y P ^ s e n t and
Q new  properties no t na tu ra lly  present and, thus , com bin ing

"'ll

J5efü|
%  
f»c(

0perties o f d iffe re n t

;e*«ir
rnain

organism s in one stra in .

em phasis in genetic  engineering is pu t on species em ployed in the  da iry indus try , species used iinl|c ° lng  g r p  - - . . . .
^neor- 3 S°  increasin9 ly investiga ted . Here lactobacilli are o f more im portance. The ir genetics and sta te  o f
foi, * rin9 has been

°'6d
°Wi
la.

'ng,
rev iew ed by KNAUF e t al (1992b).

( . %

S a m p le s  are described w h ich  sh o w  the  stra teg ies fo llow ed  to  im prove the  properties o f meat 

aci,,L As a prerequis ite  fo r genetic  m od ifica tion  a m ethod fo r in troduc ing  DNA had to  be established.

w h ich  had been adapted to  stra ins o f L .  c u rv a tu s  

'ever ^  (1 9 9 0 ) ' Suitab le  vec to rs  (carriers fo r the  DNA o f in terest) w ere cons truc ted  by POSNO et al

be nr, theSG vec to rs  stil1 have to  be im proved w ith  regard to  the ir stable preserva tion  in the  cells. Useful

v VGaier

as mabt3ined ^rom  lac tobac illi, o the r LAB

fftw r 9enes in vec to rs  and /o r help to  im prove the  m etabolic po ten tia l o f s tra ins. Examples fo r th is  type%
or even non-lactics . L a c to b a c il lu s  genes have been cloned w h ich

N 31' lrTlProv0baCllli 3re the  0 ‘ 9alactosidase 9ene (OBST e t al, 1992) and the  catalase gene o f L .  sa k e  (KNAUF et 
adve rTleni the  expression o f the  la tte r and in troduc ing  it in to  com pe titive  s ta rte r s tra ins can help to

6Daratin e ffec ts  o f hydrogen peroxide . M ic rococc i norm ally  p rov id ing  catalase

b9s
o n s  t k

nus rendering the  fe rm en ta tion
a c tiv ity  m ay be om itted  from

process more conven ien t and safe.

) ¿ ' A

¡̂ j
andCOnCentrated on an tim icrob ia l substances produced by lactobacilli w ith  the  in ten tion  to  im prove the

\ > i t h e  S h e l f  l i f e  o f  f o o d s  {v id e  suPra •• G enetic eng ineering m ay help in understanding the  expression o f 
V a , , s  a n d Provide s ta rte r s tra ins  w ith  the  ab ility  o f bacterioc in  p roduction , i.e. s tra ins o f superior 

fo r' v' ,ues have no t to  be abandoned bu t can be fu rth e r used to ge the r w ith  the ir im proved properties. 

^ t i Cus c lon in9 o f a gene from  a non lac tic  acid bacterium  is the  trans fe r o f the  lysostaph in  gene o f 

r  Cstatus °  meat s ta rte r lac tobac illi. By th is  m od ifica tion  the  g ro w th  o f S. a u re u s  can be prevented and, thus, 

¡¡t |). ° f meat P roducts increased. The fe a s ib ility  o f th is  approach w as show n  by GAIER e t al (1992 ).

\

id'5 ,i f°//

1 ^  *  a c °m p o n e n t in the  preparation  o f one s ta rte r producer, and it is cla im ed th a t it im proves the 

6fs and 6d sausa9es- In sausages produced under uncon tro lled  cond itions , s trep tom yce tes  m ay be found 
Ki do no t g ro w  in the  fe rm en ting  m eat m ixture .

v'O ACEaer5 h °eae
■

 ̂ \  ^ ¡ n g  0n
' ■ \ N j iti0ns the  In itia l load o f the  raw  m ateria l, the  type  o f sausage and the  stage o f the ripen ing process, 

hs ider-. ° f a n itrite  cu ring  and the  use LA B-conta in ing  s ta rte rs , th e ir num bers decline co n s ta n tly , w h ich
t n  k «  . .  . . .

re com m on con tam inan ts  o f m eat and, the re fo re , can be found  in all fe rm enting  substra tes at

^ ( Usa9es D t0 be essentia l in o rder to  inh ib it food  pathogens as fo r exam ple S a lm o n e lla , S h ig e lla  o r s tra ins o f

" 3 n itra te  cu ring and w ith o u t LAB may give rise to  h igher num bers o f E n te ro b a c te r ia c e a e .

i§ liveiy ^  Gd s trains o f A e ro m o n a s  w ith o u t

tA< ;
any detectab le  pa thogen ic o r tox igen ic  po ten tia l. They a ffe c t the 

added to  sausages and are applied by one fa c to ry  in Spain (N IN IVAAR A, 1991).

\  N 0 F  STARTER c u l t u r e s  in  m e a t  t e c h n o l o g yV 0ftha
et g| r— ' ' u'-al appiicauun is resiricteo ro Te

fields ' For tbe  la tte r p roducts  cu ltu res

(laQ̂ 6 Persn apP|ica tion  w h ich  have show n  the ir useful po ten tia l in p ilo t s tud ies (for use as p ro tec tive

Wh Ct'V e S o f 9 
° f the °h ferrnented

lri M’ tbereb le.n 'C StatUS ° f  these Produc ts  w h ich  e ffic ie n tly  in te rrup ted  the chain o f in fec tion  w ith  food 

d6r ° r9an ' lm proved env ironm enta l hygiene. Thus, it can be expected th a t the  increased w o rld  w ide  
s w ill resu lt in s ta rte r app lica tions in several fie lds w h ich  w ere  h ithe rto  largely unknow n.

f i e l d
s ° f  app lica tion  o f LAB con ta in ing  s ta rte rs in m eat techno logy  w as presented by HAM M ES 

Practica l app lica tion  is res tric ted  to  fe rm ented sausages and to  cooked meat p roducts  (bacon)

con ta in ing  L a c to c o c c u s  la c t ls  are em ployed. There are

w N
% 9nd

gene techno logy : v id e  s u p ra ) .  A  rem arkable new  fie ld  w as in troduced by URLINGS and 

m eat byp roduc ts  fo r use as feed fo r carn ivo res. They observed an im pressive
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