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'^ary

T% er
S>i!'e0f

Proce
8lVes a rev iew  o f  these ve ry  special products which can be divided on the basis o f  ac id ity  (lo w  and high pH  products).

S o t y  CSSec* *ngredients (chopped or intact muscle), type o f  ferm entation  (w ith or w ithout carbo-hydrate; w ith  or w ithout

!p" % c , s

Cr°bial in
lS  n° culation) etc. These d ifferen ces  in technology do contribute to de fin ite  d ifferences in general characteristics o f

of e '£ - sensory properties, w ater activ ity  values, but also critica l control points m ay change. A lthough  application

Cr°bial cult,
PrM„ tUres o f fe r  several advantages, like fast drying, m icrobial safety, good  sliceab ility , econom ic production etc.

Pt,

rs ,

s ,
ts of traditional

cts (
technolog ies are still in favour among many consumers. Since m icrobial changes in these traditional

c01(llr n Pe influenced m ain ly ind irectly , a vast m ajority  o f  research w ork  and publications are rather devoted to starter
fV r ry .

s, ations. A lth ou gh  ha lf a century served fo r  investigations in this fie ld , an endeavour to ever im prove technics

tooth, SCfeening, selection , gen etic  methods can still be observed. A im s o f these investigations are: to get meat

Cts ° f  bett
er sensory quality, o f  m ore safety, and to ensure faster production w ith high reproducib ility  o f  uniform

ctic

%
acid

Pst
’Sated

at>eSe

bacteria, m ajor com ponent o f  starter cultures used in ferm entation  o f  meat products, have been thoroughly

terms o f  their ph ys io log ica l needs (tem perature range, pH - range, aw-range and optim um  values fo r  grow th, 

V  . V ir e m e n t  etc.), their inh ib itory  e ffe c t  (acid and antib iotic production), yet nutritional and healthful aspects o f

’Pía
■acidb;

‘ Prod
cteria, a w ell-know n feature o f  those in case o f  dairy products, is not a frequent research topic w ith  ferm ented

Uct*thus dietary e f fe c t  m ight perhaps be a f ie ld  to be investigated in the future.

y
y

P arid f,
Of

PO:

M entation  o f  meat and meat products m ay be considered as the most ancient w ay  o f  preservation at least in those

Ptidq. 'v ° rld where, fo r  c lim a tic  reasons, no other means could earlier be applied. Ferm entation  and dry ing goes 

H *nd” ir

the

,ssib;

\ ' I n d e n t a t i o n ,

ln m°s t cases, nevertheless there are processes w here high saline concentration and/or fast d ry ing exclude the

Mth
sensu strictu, and there are methods on the other hand where on ly  ferm entation  and acid ifica tion  

Practica lly  no w ater-loss, and low  pH  alone accounts fo r  stab ility  at ambient temperature. (P H IT H A K P O L ,

s
ü8h the

Pect

St:
>Ve

lni w 'th dry ing and ferm entation  was orig in a lly  to supply mankind w ith  food  o f  animal orig in  all year round

the fre,quency o f  hunting and slaughtering, ferm entation  and dry ing o f  meat products have becom e an “art” w ith

Pro(j ^  âst centuries m anufacturing high quality, delicatessen food  items.

" y  , Can ^  c lass ified  on the basis o f  ac id ity  (low  and high pH  products), s ize o f  ingredients (chopped or intact 
PL ’ type of

V of ermentation (w ith  or w ithout added carbo- hydrate; w ith  or w ithout m icrobial inoculation), presence or 

growth on the surface, etc. These distinctions m ay look arbitrary, how ever they invo lve  various technologies,

X , ^ elyContributet
>PC'V

Crofi,

ben) 1Iltrinsic factors  have an in fluence on m icrobial grow th, alterations in critica l control points and parameter

; to basic d iffe ren ces  in general characteristics o f  the products, like sensory properties, water activ ity
0ra

com position , production econom y and safety, just to m ention the m ore im portant ones. Since these changes

btyh,aVe u
u relied  on. In  this paper main characteristics o f  low  and high acid products w ill be discussed.
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L O W  A C ID  F E R M E N T E D  M E A T  PR O D U C TS

tiff6'
L o w  acid ferm ented-dried  meat products have, most like ly, longer h istory not on ly  in Europe but also in other c°n

■ 0 ^ ngE R IC H S E N  (1983 ) suggests that since m ore than 3000 years people has been aware o f  the advantages o f  sausage i

d ry ing  fo r  keep ing meat longer time. She also presumes that salami is named a fter the c ity  o f  Salamis in Cyprus

ab2“1

■est'1

destroyed m ore than 2000  years ago. H O  and K O H  (1984 ) mention that Chinese pork sausage was known already2 

years B.C. A ccord in g  to W H IT A K E R  (1978 ) ferm entation  o f  soy sauce is known since 3000 years. L E IS T N E R  0 ^ ^  

other hand considers the known h istory  o f  d ry  sausage in Europe on ly  250  years old.

European “ old  w orld  s ty le ” sausage is in general ferm ented, dried at low  temperature (IN C Z E , 1987), but iutef 

Chinese dry  sausage is dried at e levated  tem perature (L E IS T N E R , 1985; S A V IC  et al., 1988).

The sc ien tific  reason fo r  low  tem perature is evident today but this evidence had a sound basis o f  experience earher 

h igh  tem perature d ry in g  causes m icrob ia l inactivation , but the product is en tire ly  d iffe ren t organoleptically

4

to2
(If

tem perature ferm ented  sausages.) It  is gen era lly  accepted that in case o f  traditional, low  acid (pH  5,5 and ab° r
fhe A*

products lo w  tem perature ferm entation  and d ry in g  is o f  crucial im portance. L o w  tem perature is nam ely

r t f 'som etim es on ly  means o f  inh ib ition  against undesired m icrobial grow th  until salt concentration  reaches a c
ta¡n

(aw-value drops b e low  0,96). A  great number o f  traditional, famous low  acid ferm ented-dried  meat products are
lendi#

Parma ham, Spanish ham, Ardennes ham, Bündner F leisch, Südtiroler Bauernspeck, French, Hungarian, Italian
yug°‘

salam i etc. (L E IS T N E R , 1990). A lth ou gh  they d if fe r  from  one another in sm oking (on ly  some o f  them are sffl° 

grow th  (on ly  a fe w  o f  them have m old grow th  on the surface) and in several other features yet, they have tw o things

iked)1

in‘ #

a/ all these products are ferm ented-dried  fo r  lon g tim e. B eing nam ely high pH  products, on ly  s low  rate water reff J

h igh  qu a lity  product w ithout d rying fa ilu res (deform ation, case hardening, stop o f  water m igration, spoilage (/

stability»w ater rem oving process has to last long in order to get su ffic ien tly  low  aw-value: the sole factor fo r  

tem perature.

odd“ 1'
i<T

b/either no carbo-hydrate is added, or because o f  the low  temperature no substantial break-down and acid pr' 

p lace, consequently pH  value o f  the products is above 5,5 and usually about 5 .S -6 .2 . (R A D O V A N O V I^  6 

L O P E Z -B O T E e t al., 1990.)

ed) ‘
A  clear distinction  has to be made betw een  products o f  intact muscle and that o f  chopped (ground, bow l-chopP1 

fo r  several reasons:

;o fP1'- w ith  intact m uscle d iffu s ion  time o f  curing additives m ay take several weeks depending on shape and s ize <

- in intact muscle, even i f  marbled, in itia l moisture, consequently in itia l aw-value is rem arkably higher £

sausages (provided  that added amount o f  salt is the same), 

i f  meat and fa t is chopped and m ixed, d iffu s ion  tim e o f  salt is n eg lig ib le  com pared to the tim e needed fo r  ^aC 

and spoilage.

ter¡2'
f

Bacterial grow th  is som ewhat inhibited by  salt already at the beginning o f  ferm entation  o f  sausages. This it1*11
¡bit"icT

,0f*ta‘
/

m ore pronounced because o f  low er in itia l moisture (e ffe c t  o f  fa t) i.e. low er aw- Expressed in figu res, in itia l aw 01"  ^

to be ferm ented  is as high as that o f  fresh  meat (0 ,99 ) and in itial aw o f  sausages to be ferm ented is gen era lly  be
ill

can be as lo w  as 0,95. Bearing all this in mind it is easy to understand w h y raw  ham curing needs a temperature ¡t

salt m igrates to inner parts (HECHELMANN and KASPROWIAK, 1990) w h ile  on the other hand, 1OC may be
CO**'1'

f

J
\v  .

830



6
4 safe

«ft,
initial

X i
temperature fo r  traditional sausages (IN C Z E , 1987); as a matter o f  fa c t this temperature is in several countries

'gher.

g fer:
by Itler|tation and dry ing ph ys ica l, m icrob io log ica l and b iochem ical changes take place these latter ones induced partly

he
and Partly  by  m icrobial enzym es. The main changes can be summarized b r ie fly  as fo llow s:

"id
3reSult o f  drying

the
meat product loses w e igh t. This w eigh t loss m ay be as high as 40-50  % by  the end o f  the ripen ing period

rtl° ’ sture can be as low  as 18-22 %. 
result o f  h •

arying  aw-value decreases that causes a selection  in the in itial m icroflora . Less salt tolerant m icrobes are
heedted:

Sh t im b e r  and disappear later. M ost pathogenic m icro-organism s are inhibited, practica lly  on ly  L isteria  and
Phylo

de,Crea:
C° Ccus have a chance to g row . E. co li and Salmonella is retarded in grow th  by low er tem perature (<10°C) and by 

ck. ^ aw' later phase o f  d ry ing  they disappear from  the sausages. A erob ic  and anaerobic sporeform es have also poor 

ipjjib, ^r° w  because o f  the inh ib itory  factors mentioned above. Absence o f  oxygen  (larger diam eter) and decreasing aw 

haC( o ^  0VVt̂  Pseudomonads and cause their disappearance.

sta,Phyi ^us, Enterococcus and Staphylococcus strains are not inhibited by lowering aw and absence of oxygen, growth of

‘^ b it i
°cocci

ls p ractica lly  not inh ibited by  low  aw, though production o f  enterotoxin  is retarded. The on ly  means o f

Prn. StaPbylococcal growth in case of low acid foods is the low temperature, as pointed out earlier.

'H a l y i ,

P l j enzymes  break down m uscle proteins producing N P N  compounds that contribute to flavour and s ligh tly  increase 

and K O R M E N D Y , 1967; D E M E Y E R e t al., 1979). In this p ro teo ly tic  activ ity  calpains and cathepsins play’bai.

"Pol

Is«

to

* (r>
' ^ I L  et al., 1989; V E R P L A E T S E  et al., 1989).

B yrnes break down fa t producing carbonyls and fa tty  acids that contribute to favourable changes in palatability
ytic

7).
ltlCrease ° f  acid number, w ithout any sign (peroxyde number, sensory characteristics) o f  rancid ity (N A G Y  et al.,

bit:
riN eU£pief

rest „• 10n takes place, that is less pronounced i f  nitrate is used, acting as a n itrite-reservoir. Un like h igh acid sausages,
nitrite vah,

0H1V . ues are usually h igher in low  acid sausages, ranging between 50 -100  mg/kg. T o  this re la tive ly  high value not 
nitrite:

;

' c°hS(
and " " r a t e  contribute but smoking and increase o f  concentration due to drying, too.

Ce increased salt concentration salt soluble fractions o f  m yo fib rilla r and sarcoplasma protein g e lify
"buti:

*l| %
’ "8  to f i rin

ese
consistency.

^ (be» ^es> an"  others, too, contribute to the characteristic appearance, fla vo r  and aroma and not to fo rge t: to the safety

, diti°nai ,
’ 10ng ferm ented-dried  meat products.

m e a t  p r o d u c t s

 ̂ e traditi0
^  a ’ ^°w  acid products that in general are not inoculated w ith  m icro-organism s in any form , the vast m ajority  o f

q0 Products are inoculated w ith  starter cultures or w ith  successfu lly ferm ented sausage ("backslopp ing"). In a fe w  

Prr ^
ec°"dir- *Cr° flora  o f  sausage is re lied  on, it has the task to ferm ent added carbo-hydrate. Add ition  o f  carbo-hydrate is a 

Oo;be. " O f .

p,
% arv,  acid production, since carbo-hydrate content o f  meat is not su ffic ien t fo r  production o f  acid in an amount 

y tn

X
0raX u a t ie pH-drop.

br^ have k
°Pe ShJ een in use as starters since about 30-40  years in the meat industry, thanks to N iin ivaara ’s p ioneering in'bna

thatof Niven’s in the U .S .A . in this fie ld .
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A lth ou gh  o r ig in a lly  acid  production vs. n itrate reduction was the main aim  in U .S .A . and in Europe respect'
veiy-

:ii ! A

producing starter cultures, lactic  acid bacteria, are now  extensively  used either alone or m ixed w ith  other cultures

countries. There  is how ever a tendency fo r  low er  incubation tem perature in Europe (20-24°C ) and a higher
iac ^

tem perature in the U .S.A .: about 37°C that m ay go  even higher w ith  the aim  o f  inactivation o f  L isteria . (A  good sU 

starter cultures availab le on German market was published by H A M M E S  et al., 1985 a,b.)

i t f

C riteria  fo r starter cultures

A  general requirem ent is that starter cultures o f  any kind have to be safe: no health risk can be invo lved upon their apP
✓

I f  starter consists o f  lactic acid bacteria, a second important requirem ent is: rapid and always reproducible acid Pr°
✓

This rapid acid production is un favorable fo r  grow th  o f  m icrococci (no grow th, no NC>3-reduction and no lip o lyslS
bel0"

5,4-5 ,5 ; C O V E N T R Y  et al., 1988; A L L Y  et al., 1990; H E C H E L M A N N  and K A S P R O W IA K , 1990) but very much
desirC

inh ib ition  o f  pathogen ic and spoilage m icro flo ra ; these two extrem es, i.e.rapid or s low  acid production, have
to

be"

h a lf-w ay  i f  m ixed  culture is used.
flP’

U ntil recen tly  inh ib itory  a c tiv ity  o f  starter cultures on the basis o f  acid production was considered as sufficien t, «
,vef

é

since L is te ria  has becom e a health risk, strains producing other factors (antibiotics, bacteriocin ) are being s'
;eafc

(R O D R IG U E Z  et al., 1989; G E IS E N  et al., 1990 and L E IS T N E R  et al., 1990) and applied as starter and pro 

one.

tectiv6c«1] /

Factors in fluencing acid production o f  starter cultures

A s  the amount and rate o f  acid production p lay  a decis ive role both bacterio log ica lly  and technolog ica lly , i t lS 

note that they are in fluenced by  many factors, here are some:

- tem perature

imp1y

- type  o f  carbo-hydrate

- amount o f  carbo-hydrate

- salt concentration

- pH

- diam eter o f  sausage

- oxygen

- type  and amount o f  spices

- other add itive (soy  protein )

- n itrite  concentration

- m icrob ia l contam ination o f  sausage raw  m aterials

- in itia l count o f  starter culture

- a c tiv ity  o f  starter culture

E ffe c t  o f  tem perature is evident. L A N D V O G T  and F IS C H E R  (1990 ) and S T IE B IN G  and R O D E L  (1990 ) gave g°° ^
efathf6’ 11

fo r  the com bined e f fe c t  o f  tem perature and w ater activ ity . A lthough there is a sim ple relationship am ong temp

, find an
o f

grow th : the h igher the tem perature and the aw the higher the grow th  rate and v ice  versa, yet it is hard to i — p
• r, ais°D

solution. K L E T T N E R  and R O D E L  (1979 ) and B A U M G A R T N E R  et al. (1980 ) have found a strong correlation

tem perature and ripen ing-dry ing : when e leva tin g  temperature by  5°c processes became faster by  a factor o f  2-
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S

el,kno
baj; Wn fact is ^ a t  d iffe ren t carbo-hvdrates support acid production d ifferen t w ay. It is also known that amount o f  sugar

™uence o
c%cent °n aC'd Production- partly as limiting substrate (too low concentration) partly as retarding effect (too high 

}tti■4j ' ° n^ In this latter case, due to the high concentration o f  carbo-hydrate in com bination w ith  salt, a low  aw value is

ed 'hat i,  •
Sti% l  ay ing m etabolic  a c tiv ity  o f  starter cultures favorin g  thus growth o f  low -aw tolerant m icro-organism s, e.g.

°cocci.

iïl% ] io f t h
, e Sausage m ay in fluence fin a l pH  and the tim e until pH  5,3 is attained, in the sense that high pH  o f  raw  material

S< W  u ffering capacity , consequently extended period o f  tim e is needed until pH  can drop below  critica l level, and 
f  ’
lnal pH Wjil not g o  down su ffic ien tly  either.

d P^^fifiahave an interesting e f fe c t  on acid production as pointed out b y P E Z A C K I (  1979) and D E M E Y E R , 1982; 

nd VERPLAETSE 1987; D E M E Y E R  et al. 1987. W ith  increasing diam eter lactic  acid production increases, but
1 aHd

'"""»-«H i
m ore pronounced that m ay even shift pH  toward alkalin ity. Presence o f  oxygen  (no

'»te;

N a

2~N form ation  is also

8) and d iffu sion  o f  oxygen  (small d iam eter) decreases lactic acid production and pH-drop. 

n8 e ffec t o f  has been known fo r  several years (V A N D E N R IE S S C H E  et al., 1980). Some spices have a
;resti

a °ry effp
effect on grow th  o f  starter cultures causing faster pH-drop. In  our experim ents (unpublished data) sausage w ith

 ̂tc Saif
’% . . .  needed tw ice  as long tim e fo r  same pH - drop as sim ilar sausage w ith spices. NES et al. (1984 ) also found the 
sl 0rV e f fect f
% n 01 natural spices and their aqueous extracts on lactobacilli, though no such e f fe c t  o f  oleoresins. Later it was

taat
gr° w th p rom oting  fa c to r  fo r  lactobacilli is manganese, that is present in traces in several spices. Since 

’ ' s lost |

;' e* ‘ract u
% > r „ ' 8 -E u rop fe ffe r ).

ai)ese ia iQs
S during m ost sp ice extraction  procedures, special treatments are applied  to “ feed  back” trace elements to

C0tli

%
Centration does

leHat •
1 Sl«iila r

It  has also been shown (F A R K A S  et al., 1988) that glucose content o f  some spices used in 

contribute to faster acid production.

s c :
stim ulatory e f fe c t  o f  other additives, like sov protein has also been detected (D E M E Y E R  et al., 1987).

^ ' v"  ° n the contrary, m ay show inh ib itory e f fe c t  as pointed out by  A L L Y  et al. (1990 ). Their results showed low er 

Sio* -H o ,

Values

__ e eri(* ° f  incubation when N02-concen tration  was low er and v ice  versa. Z A IK A  et al. ( 1976) came to the same

lt* îbit Wever, it has to be em phasized that use o f  n itrite salt (0 ,4-0 ,5  % NaNC>2 in salt m ixture) usually does not g ive  

°ry nitrite <
Or

'«r
the

the
effe.

- concentration fo r  starter cultures.

ct o f  i

c°nnt,
f i l i a l  connf n f sausage starter culture and their activ ity  in acid production, it is easy to accept, that the

^ cte(j c- Contaminating m icro flo ra  and the h igher the count and activ ity  o f  starter culture, the better result can be

N , ' v

co,

ace
e beginn ing o f  ripen ing (incubation) there is on ly  a slight inhibition o f  undesired m icro flora  b y  salt and 

Clevated tPm
cmperature o f  incubation favours their grow th  anyway, it is o f  v ita l im portance to keep the viab le  count

htr,
'hilla,:

°Uied. 8 m icro- organism s as low  as possible. This contam ination level is by all means one o f  the critica l points to be

% T y* Since a c
' * , 0rhpet i t i on exists am ong starter culture and contam inating m icro flo ra  o f  sausage fo r  nutritives ("nest^  A o A D i ̂

V . ' ^ R a sb’itii
edbVthe( 

e IQ5/

and L E IS T N E R , 1988) and an antagonism prevails as w e ll, the fina l outcom e o f  this “battle” w ill  be

he i d ifferences in their number and activ ity . M inim um  initial count o f  p h ys io log ica lly  active starter cultures
/ g

ausage m ix, ev id en tly  106 or 107/g is better, and in general this is also achieved. In  case o f  starter culture
c0ih_. Ptodu«ht■fib,hte.S to

3hcts 

this
n° t  on ly  com p etit ion  and antagonism  inh ib it g row th  o f  undesired m icro-organ ism s but low er  pH  

mo«  e ffe c t iv e ly .
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Changes tinting rinenine

During ferm entation  and dry ing  physical, m icrob io log ica l and biochem ical changes take p lace, in several ways si 

case o f  traditional dry  sausage. The main changes can be summarized as fo llow s:

,1a#

- as a result o f  carbo-hydrate break-dow n during incubation lactic acid is form ed and pH  drops b e low  5,3. A t tb

pH -value w h ich is close to iso-e lectric  point o f  meat protein, protein  solution g é lifié s  (K L E M E N T  et al., 1973, 

et al., 1987) and grow th  o f  most undesired m icrobes is inhibited.

• p E ^
é ¡

gflte1
as a result o f  d rying meat product loses w eigh t. This w e igh t loss is in general low er than that o f  low  acid f er

y
products, since w ith  starter ferm ented  sausage 15-20 % loss is su ffic ien t fo r  the required aw-drop, that in combII,a 

pH  5,3 g ives  the expected  safety.

this com bined e ffe c t  o f  low er  pH  and aw causes a selection  in the in itial m icro flo ra  that is sim ilar to the changes 

ferm ented  meat products, w ith  the im portant d ifferen ce : also staphylococci are inhibited because o f  low  pH-

,tion

iX

p ro te o ly t ic  en zym es break  dow n m uscle p rote ins. T h e  amount o f  m y o fib r illa r  and sarcoplasm a protei
itfi

.4

•eas6F

: iS P¡v /

concentration o f  N P N  compounds, polypeptides, am ino-N , am monia-N  grows that also causes a slight mcr  ̂

(M IH A L Y I  and K O R M E N D Y , 1967; D E M E Y E R  et al., 1979; V E R P L A E T S E  et al., 1989). V E R P L A E T S E  et ^  

suggest that fo r  this proteo lys is  endogenous and/or bacteria l cathepsins or sim ilar enzym es are responsible 

re la tive ly  lo w  pH  o f  sausages.

A n  exce llen t rev iew  o f  b ioch em ica l changes and s to ich iom etry  o f  these changes in fe rm en ted  sausag 

D E M E Y E R  et al. (1987).

several starter cultures and meat m icro-organism s possess lip o ly tic  activ ity  (N IE L S E N  and K E M N E R , 1989, y  

1989) as a result o f  w h ich aroma compounds, fa tty  acids are form ed. A s  a consequence acid number 

ripen ing w ithout any sign  o f  rancid ity (N A G Y  et al., 1987; C A V O S K I et al., 1988) 

n itrite  dep letion  takes p lace w ith  a fin a l value o f  usually be low  10  mg/kg.

Chem ical acidulants

Since ferm entation  takes tim e and too many factors in fluence grow th  and m etabolic a c tiv ity  o f  starter culture
the/

if ̂
it P'/

seems adequate: w h y  do not add acid d irectly?  D irect addition o f  e.g. lactic  acid how ever coagulates surface otv^  

m aking a good  bind am ong meat and fa t particles im possible. In  order to overcom e this problem  a w ay  had to

delayed e f fe c t  o f  acid: the acid should react w ith  meat protein several hours a fter stu ffing . There are basically 

o f  this task:

/

a/ G lucono-delta-lacton , w h ich  hydro lyzes in w ater released by meat, y ie ld in g  g lucon ic acid, and this reac 

on ly  some hours a fter m ix ing  and s tu ffin g

:tio°
&

peP

,t&
b / organ ic acids encapsulated w ith  specia l coatings, that is m olten by  elevated  tem perature (G R A V E S , 19 t0

the nature o f  the coating this e levated  tem perature can be room  tem perature, in this case care should b 

tem perature lo w  until s tu ffin g  to prevent too early  reaction, or can be as h igh as 50-65°C, when cooking h 

order that encapsulated acid sets free .

C oating can be p artia lly  hydrogenated vege tab le  o il, among others. A s  encapsulated acids c itric acid, laC
ad

used; it is in teresting to note that also encapsulated G d L  is available: w hen added to sausage m ix, no P
✓

hydrolysis and s tiffen in g  arises in case o f  m echanical fa ilures ( i f , on accoun t o f  breakdown o f  f il l in g  and/or

,io r
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sîn:

SagefiHi

^Problem;

n8 operations have to be delayed, normal GdL reacts with meat not in situ, in the casing, but before, consequently

arises as m entioned w ith  d irect addition o f  lactic  acid).

5tye ^ l^ es ° f  acidulants pH -drop  in ferm ented dry sausage takes place in a ve ry  short tim e: in some hours com pared to 

$1̂  days starter cultures. This w ay  bacterio log ica l sa fe ty  is achieved. In  general however, sensory properties and 

starter culture ferm ented sausages are considered better and longer, resp. than that o f  the sausages made w ith

“Hant.th
tijv. ’ ough this latter techn ology  produces acceptab le sausage that should be consumed in a re la tive ly  short period o f 

e to
avo id ,

°rgan o lep tica l changes.

x
y .o f  fe rm ented meat products

'eiUed
Sti(j, Products are recogn ized  gen era lly  as safe. M ore prec ise ly  i f  critica l points are controlled  properly , sausages

nams ;

esired
"tidi rea lly  sa fe because either low  aw-value or com bination o f  reduced aw-value and reduced pH  inhibits grow th  o f

rtiicro -Iorganism s.
Pointed

<W ° ut earlier these factors  p lay  m ajor role, nevertheless other factors also contribute to the sa fety  o f  raw  ferm ented 
1 Prod

H ile  - UCtS (hurdle P rincip le: L E IS T N E R , 1985a).
earlier

Put

n,hk:
°P  the

m8 is

Ssme]

Jete,
riPin;

11 Was com m on practice to analyze bacterio log ica lly  the ready products on ly, fo r  several years the emphasis has 

control o f  main critica l points o f  raw  m aterial, technological steps and storage conditions. This new  w ay  o f 

Sum marized in the w ell-know n  H A C C P-con cep t, three steps o f  which are as fo llow s :

nt ° f  m icrob io log ica l hazards associated w ith  a g iven  raw  material or fo o d  product

at'°n  o f  critica l control points required to con tro l any iden tified  hazard

lshm
ent o f  procedures (checklists) to m onitor critica l control points.

(i
c°htrni 5^) gave a good  summary o f  this concept and suggested 19 control points fo r  ferm ented sausage and 15
> Puints f  _

r raw ferm ented  ham.
adof •

glVin8 a b rie f rev iew  o f  these critica l points, it seems adequate to m ention the m ajor ones w ith  special regard to the

rtl0n8 traditional and starter culture ferm ented sausages and hams (Tab le 1).

characteristics in raw fermented meat technology
Ulcal c

Characteristics

initial
A f e r r ó .  

S a lt^ — -— p l a t e r

high acid sausage

22 - 25 °c 

15 -18  °c

2,2 - 3,0 % (initial)

< 0,95

< 6,2
(not critical) 

< 5 ,3

low  acid sausage

< 12 °C 

14 - 16 °C
2 ,5 -3 ,0%  (initial)

< 0,88

< 6,2
(not critical) 

not critical 

(usually about 6,0)

long cured ham

< 5 - 6 °c 

15 -18 °c

4,5 - 6 % (final)

< 0,90

< 5,8

(can be critical) 

not critical 

(usually about 6,0)

"CaUS
f e a tu r e  is a v e ry  im portant factor in enhancing grow th  o f  starter m icro-organism s (high acid sausages) and

H  1ttg gro
I d ° f  undesired m icrobes (low -acid  products). It  is also worth m ention ing once m ore that in case o f  ham

'Veri
ln8 e ffe c t  o f  salt is exh ib ited  on ly  a fter a longer d iffu s ion  process, an even low er temperature has to be kept

835



6

than in case o f  sausage.

In itia l salt concentration and aw-value are rather critica l w ith  high acid sausages: i f  salt concentration is too lo^- 

bacteria have a better chance to grow , but this is true also fo r  the starter m icro-organism s. I f  it is too high, 

m icro-organism s are retarded in grow th  and m etabolic activ ity , as pointed out earlier.

uD^1

als°
s /

roductS
O n ly  too lo w  salt con cen tra tion  is c rit ica l on the other hand w ith  trad itional, lo w  acid  ferm ented  meat pru 

bacterio log ica l point o f  v iew . T oo  high concentrations cause on ly  sensory refusal and has also a health aspect 

pressure), but is m icrob io lo g ica lly  safe.

[a h ^
j/It  has been m entioned that lo w  fina l aw-value is the m ajor "hurd le” w ith  traditional products. A s  fo r  initial pH 

m ay be critica l ch ie fly  w ith  ham and less critica l w ith  lo w  acid sausages because o f  low  tem perature ripen ing at the

and lo w  aw-value later. S im ila r ly  is h igher in itia l pH  less c r it ica l w ith  high acid sausages because o f  p H 'dr°P J

u n c i l ^ferm entation . It  should be kept in mind how ever, that i f  in itial pH  is too high (6,3 and above), it takes longer 

o f  5,3 is reached g iv in g  thus a better chance fo r  grow th  o f  non-desired bacteria.
aducts«1

A lth ou gh  it has been m entioned several tim es, how  im portant the low  ripen ing tem perature is w ith  low  acid proo f  

rather scarce about the s ign ificance o f  tem perature during the firs t part o f  ripen ing (until pH  reaches
pracl

ferm ented  sausage. In  the U n ited  States the Am erican  M eat Institute has worked out the G ood Manufacturing ^  

ferm ented dry and sem i-dry sausage as voluntary guidelines (A M I 1982) that considers the relationship between te 

and tim e until pH -drop  as one o f  the most critica l points to be controlled. The other critica l point is eviden tly  pH-

4

a/ pH  control

D ry  ferm ented sausages shall attain a pH  o f  5,3 or low er through the action o f  lactic acid form in g bacteria. These  ̂̂  

be added by a com m ercia lly  prepared culture at su fficien t leve l (see m anufacturer’s recom m endation), or by a baC

,of'

("back-s lopp ing") from  a prev iou sly  ferm ented  and controlled  m other batch.

D uring ferm entation  o f  sausages to a pH  o f  5,3 it is necessary to lim it the tim e during w h ich the sausage meat 

tem peratures exceed in g  15°C or h ig h e r .  A  c o n tro l le d  e n v iro n m en t o f  15°C or less  m in im iz e s  the °PP 

Staphylococcus aureus reach ing levels  o f  public health s ign ificance. (H E C H E L M A N N  et al., 1988 also fou n d tb 

staphylococcal grow th  occurred.)

b/ tim e-tem perature control

The process is proper accord ing to the gu idelines i f  fo llo w in g  tim e-tem perature relationship prevails:

1 / few e r  than 720 degree x  hours when highest ferm entation tem perature is less than 32°C 

2/ few er  than 560 degree x  hours when the highest ferm entation tem perature is between 32-40°C 

3/ few e r  than 500  degree x  hours when the highest ferm entation  tem perature is greater than 40°C 

(D egrees are measured as the excess tem perature over 15°C . D egree  x  hours are the product o f  tim e in hoUfS

til
ataP J

tem perature and the “ d egrees” .) The lim itation  o f  the number o f  degree x  hours depends upon the highest ted1?

ferm entation  process, p rior to pH  5,3 is attained (this also refers to variab le temperature processes). For constad 

processes the tim e-tem perature relationships are as fo llow s:

< /
✓tt®
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%/«e 2. Tiine-t,

fp>- temPerature relationships and limitations during incubation of starter
^ t Z Z X Z M xmsaees______________ _____ _______________________________________

— ^ ree x hours

720

720

720

560

560

560

500

500

Temperature
°c

Allow ed hours by guideline 
____________ (max.)____________

24

27

29

32

35

38

40

43

80

60

51

33

28

24

20
18

ek
w  WS ^ at l^ ese guidelines provide a sound basis fo r  taking reliable measures in order to avoid health and spoilage 

m icro -o rgan ism s , not o n ly  s ta p h y lo co cc i. These  gu id e lin es  can also be th ou gh t-p rovok in g  fo r  such

h ’ w llere, fo r  the sake o f  m icrococcal grow th , slower acid production and pH -drop is aimed at.

%

l a l a n d s e p ^ Y ^ p ^

fe rm en ted  meat products

■vedisi

%
SieniCUssed the im portance o f  lactic acid bacteria in ferm ented meat products from  physical, chem ical, technological

>c 1
ftren ^ ° 'nt o f  v iew , but their possib le ro le in anticarcinogen icity  and im m unology has to be dealt w ith, too, even i f  

1 ces i
V|theXh n ^ is  topic are scarce. This is even m ore tim ely, since meat and meat products have been accused m ore and m ore 

’ ng hea lth  r isk  in human n u tr it ion  th rou gh  ca n ce ro g en ic  (g e n o to x ic  and ep ig en e tic ) substances, lik e
‘ hiti

c°tti
^ h le tk  P° Unds’ P o iy c y c lic  arom atic hydrocarbons, pyro lys is  products, fa ts etc. For this reason i f  there w ere  data 

Suggest the existence o f  special foods, perhaps meat products w ith  anticarcinogenic e ffe c t , this could im prove
-that

" N e

kl‘ tir

Of

41%
meat industry.

%
Es

d S H A H A N I found in their earlier w ork  and in 1990 that ingestion o f  lactobacilli or food  containing viab le 
tr l^bacter -
’ ct ta r« u l t s  in their establishment in the gastrointestinal tract. Presence o f  lactic  acid bacteria in the intestinal

^  th- prophylactic  against undesired m icro-organism s but they may reduce risk o f  d ietary onset o f  carcinogenesis 

ren 1Sê ect2rf-
ic f  3 d lrect and an indirect mechanism m ay p lay a role: lactobacilli reduce procarcinogen ic substances and/or 

\ is, y o f enzym es that convert procarcinogens to carcinogens. It has also been found that in short-term  studies i.p.

V , a‘ ion
N  ° r fe e d ing o f  lactobacilli to rodents, im planted tumors are suppressed, w here activation o f  host defense system 

« t e -  U88estedi
eff(% of

y°gurt

%  'sVner ■
Sistic e f fe c t  cou ld  be detected  by  yogu rt in presence o f  concanavalin  A : -^-interferon production

V . ^ t a c r e , « .

1 as main mechanism  and all this through enhancement o f  immune system. DE S IM O N E  et al. (1986) studied 

on human peripheral blood lym phocytes and found that although yogurt alone did not in fluence immune

was

% 1 th,ose

N %
tsee,

Endings are supported by experim ents carried out w ith  pure cultures o f  lactic acid bacteria or by dairy

rils reasonable to presum e that short-ripened raw ferm ented meat products w ith  not too low  water activ ity  value, 

N  *‘y relat-
X j  1Ve' y  i’ ish  bacteria l count o f  active lactic bacteria m ay also p lay a positive  ro le in this sense. W hether this 

also w ith  starter ferm ented sausages and to what extent, has to be elucidated.

SHI-
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N utritional aspects

It is w e ll known and also m entioned earlier that meat protein  breaks down during ferm entation  process to peptides 0

len g th  and fr e e  am ino acids thus enhancing d ig e s t ib ility . E S K E L A N D  and N O R D A L  (1 9 80 ) evaluated the
CW

nutritional qua lity  o f  the protein  during starter ferm entation  o f  sausage. N et protein  u tiliza tion  (N PU ), true digeS
fib'1lití1

protein  and that o f  s ingle am ino acids served as criteria . Th e  b ee f-  and-pork sausage was ferm ented  fo r  22  days
an1d^1

this period  the protein  d ig e s t ib ility  increased from  92 ,0  to 94,1 %  and the N P U  from  73,8 to 78,7 %■ The
ah’01

am ino -acids and their true d ig es tib ility  also increased during ferm entation, the largest increase being w ith  threonin

Less is known about the change in d iges tib ility  during ferm entation  o f  low  acid ferm ented meat products. Knovflh£
W4f

that protein  breakdown fo llo w s  a sim ilar pattern as that o f  h igh  acid ferm ented meat products, a sim ilar chang®

d iges tib ility  m ay be assumed.

A lth ou gh  there is no sc ien tific  ev idence fo r  increased d iges tib ility  o f  ferm ented sausages on account o f  low er 

to non ferm ented  or low  acid ferm ented  meat products, nevertheless it would be interesting to find  experiment 

this phenomenon since it is on ly  a sub jective  experience now.

coO,P

tal sup?1

Some sensory aspects

The basic d ifferences  in sensory characteristics o f  low  and high acid ferm ented meat products are w e ll k n o ^  

sum marized as fo llow s  (Tab le  3).

Table 3. Major sensory characteristics of fermented meat products

iflb

Traditional salami

Salty, round, rich flavour

non acidic

firm  texture

Sensory characteristics

Traditional ham

Salty or mild

non acidic

firm  or tender

Starter fermented sausage

short ripened

Salty flavour

strongly acidic (tangy)

softer, “ rubbery" or spreadable

longer!!!

SaltyoLmilá

açidic^SîiJA-
f i a n t e ^

. <vlassl <i
These characteristics m ay o f  course change even to a great extent depending on the technology, therefore this ^

cey
should serve on ly  fo r  orientation . E v iden tly  h igher salt concentration at the beginn ing means usually higher con a >

*
the end too, low er m oisture means firm er texture etc. W h at here is meant actually  is that h igher moisture co , 

sensation o f  higher saltiness and tanginess, as w e ll as low er pH  g ives  firm er texture in fluenced o f  course by ® ° lS

A s  fo r  tenderness o f  raw  ferm ented  meats not on ly  ripen ing but some other factors have to be considered, too-

I t  has been known, and in som e countries put into practice, that by the help o f  some chem icals (grow th  hormone5.

etc.) fat/lean deposition  ratio  can be sh ifted  in animals towards m ore lean. The basic mechanism can be either Pf J

p ro te in  synthesis or in h ib ition  o f  p ro te o ly t ic  breakdow n (D em eyer and Sam ejim a, 1990). In  this latter
case'

responsible fo r  fragm entation  o f  m yo fib r ils  and fo r  tenderness (calpains) are also inh ibited. Th is phenomenon
may also"

an im pact on tenderness o f  ferm ented  w h o le  muscle meat products.

Th e  situation m ay further be com plicated  by  the fact that not much is known about the tenderiz ing  e ffe c t  o f c

lon ger ripened products, even  i f  no tenderiz ing  e ffe c t  is suggested by cathepsins in case o f  fresh  meat. AlthonS15 ^

are a lso  w o rk ed  out a ga in s t c a lp a in -b lo c k a g e  in d u ced  tou gh n ess  (C a2+ in je c t io n :  K O O H M A R M e  et
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•to

C°H;'0îiMARAIE,
iSUifters-

1991) the question o f growth promoters have to be scrutinized very thoroughly, not only because o f the weak

acceptance.

^ , e<̂  products are special consumers’ goods: no other technology is capable o f  deve lop in g  such richness in flavour

aroma
'N ity
mer

b,

a as with ferm entation . It  is also an important feature o f  this unique processing that the product can serve the high 

re<M rem en t o f  w e ll-to -d o  consumers and can also serve the purpose o f  preservation o f  meat in countries, w here no

WaVis 

een ;
available fo r  preventing spoilage. For future support and im proving o f  their im age a good p iece o f  research work

and has to be done in the f ie ld  o f  health (low er  fa t, low er  sodium, e lu c ida tion  o f  the ro le  o f  la c toba c illi in 
Ucarc
4>ast

Cln°gen ic ity> the ro le  o f  ferm entation  and pH  in d iges tib ility ), sa fety  (m ore e f fe c t iv e  starter and protective  cultures

6he,rgy
staPhyl

\i;
c°nsu:

°cocc i, listeriae, m ycotox ic  moulds, im proving by  selection and genetic  methods) as w e ll as econom y (less

^  into ;

ming. yet m ore e f fe c t iv e  d ry ing methods, possib le use o f  newer humectants).

tlw account all these positive  aspects mentioned this type o f  meat product w ill  probably have a fa ir ly  good  chance in 

UV  too.
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