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Abstract

In this study, significant factors influencing on the quality and stability of fermented sausage, such as
materials, processing conditions, and microbiological characteristics as well as topography during ripening, were
documented. Since most fermented sausages are not heated during manufacture or before consumption, a strict
control of the growth of pathogens and the selection of favourable conditions that encourage the specific growth
and development of desirable microflora are particularly important. With respect to microbiological safety,
hurdles, i.e., preservations(nitrite), redox potential, competitive flora, acidity(pH), and water activity(a.) are
matters of importance to prevent proliferation of bacterial pathogens. Today, for ensuring the safety and quality
of the final product, the application of starter cultures in combination with the proper processing is subsequently
used in practice. For improving the efficiency of microbiological utility in the production of fermented sausages,
the understanding of their topography is essential. The documented different points must be taken into account
when HACCP systems set up for the manufacture of fermented sausages. There are continuous researches
concerning desirable improvements to sausage fermentation with health enhancing properties.
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BRI = FEAe] 2 g AESRE, 9F 260
A2 Aoz ¥ 1% rHLeistner,
Ag, A a3l
=449 A¢ E/e
sto] FAg B ol AV BEY & vke A @
HAoH, 53] A F3)] At F7HE(elEE], g, 2]l
24 7138 BAQ ALY AFe 2x9) 3 Hle &4
29} 24 42 Azd HAstgon, 2 EH FFo]r}
25 559 g3 gbg AAste A FF/7L EHs=
AL =G4S Ao g AAAL. olglE= di, & BY #fHq
M FAAMEE T AR F2 DL 2AIR Y G
o7 HE= EYJiE oF 160d ABE wEAAA}
e Aoz deid 9la, I FHUE 3009F] oj2m
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Fisher®} Palmer(1995)¢} Luecke $(1990)2] H 9] w=
B, WELAAS BRE FAE /1202 A5l By
Uebolct ekgtel Apolst itk BAAAAS] BRE e A}

$HE V1S F2 FREY, @Y FF, FRA0A v

£, A &2 8K weight loss), AF&-3F casinge] 27, 117]9]
A F=, A58 T7/, AW &2 A7 g Fol 3l
tHAdams, 1986; Zeuthen, 1995). W& AAX| o] EAE 11
st} m|AYEEE SHoA HE d, ol59 /S sl
FoHt 393 AL FEEAE(a)9} FAHE 922 o

oy

AA 1 gon, o]5L 71F 2 2 Luecke(1997) & W& AAR
£ th29] Table 13} Zo] E/F3IATE AR £4& &
AR &3HE0] casingel] F2E o g Eol E 7R 4o
e BE 38, 83, ndEA 18 54 His
2 ¥ Coretti, 1971; Luecke, 1997). AR AL B2
AHQ RAite] A A due] Hsy dojuhe HEY)
Az 9 gt} go| AAEE S4TSR Yozt
LEAAA Y AYqbo] hkslE|EA, S Fola F
A S dSATIHAE dEH Y F2 FH AF
Uit Bago] AVAl Hda, ¥ o 7|Ee ZAYE B
dZ & ez e oldt 2AES FFAE 471 gl
t}. o] wie} vlFo| A 1930 R, 22l FhdAM =
19501 78] AR A7 Feke] vAYEH 183
sletd sl tigd AARL A7t o] FoIA Al HAU
(Luecke, 1997). 53], &AL A= FA ol A3 Aol
7E EAEE A &= AFoln, F2 533 YA A
g glo] A7 REFHARE A4S 7HA710, 2338 5
ete] 3l mAES] A4S Tol fAH R kA7 AES

Table 1. Classification of fermented sausages”

Aarsln, = BHEHS Fo|x o] ZFL3tHBacus and
Brown, 1981; Leistner, 1995; Luecke, 1997). wlebx, ¥ 313
A= Lol A AA G Algel] ke nlE 4 9ls 8SAEQ
B EAAR] ] Ailel] 2ol AR HANE, A T, O
o FE} 49713 T nAEe] wiste} 2R &
de] olgo] BHH AES AAIStaA}L Bt

=13
=

for

DAIX] et

DAIX| R =

LEIAR ] FA BT 7]9F A Hely, o] 9o Fag
A7VERE PAES 93 @] B Fi(sugar), FAA
(curing agent), &2 E(spices), 18] 1 AE}E|(starter culture)
5ol Uk o]E9 HiFHE 2 Hrl 21 52 Table 2
o] A|A3rE thLuecke, 1997).

17|t XY

AAH oz dsie, vk @ v B A 7EE 7t
A BEDAAE st oA FARY F23 AL
FLE sk A | BE e pHeln & 5 ok
ol 3l =4 F HES BWE A3 el AR A4kl AL
= Zo] nlgA s, g3 2T olate] 2xellA YR
= o] Fasith =¥ WE BHS 1719 B 2 7
B EolA] @3, dL FHE AdsE dRsk=r,
8 2 F B 229 ] FHd A FE
o2 ) folg vldES] Gl FE 5 37 WEel

i

.;‘(EJ
Fl"r'
%

Final water

Weight loss

Application of

1 Ri i ti . .
Category pefimg Hmes activity(aw) during drying smoke Examples
Genuine Italian salami;

s |d-ripened >4 ks <0.9 >30% N ) ,
Dry, mould-ripene wee ° © French ‘saucisson sec
Dry. ‘mould-ripened >4 weeks <0.9 >30% Yes(during Genuine Hungarian salami

’ pe ’ ° fermentation) &

Dry, no mould growth >4 weeks <0.9 >30% Yes or no German ‘Dauerwurst’

i- Vari h
Semi-dry, <4 weeks 0.9~0.95 <20% No arious French and
mould-ripened Spanish raw sausages
Semi-dry. <4 weeks Yes(with ?:oéterf;r;nnemed e

’ (usually 0.90~0.95 <20% . v
no mould growth 10~20 days) exceptions) The Netherlands,
4 Scandinavia, USA, etc.
Ge ‘Streichmettwurst’;
Undried, spreadable <2 weeks 0.94~0.96 <10% Yes or no rman SIeIChmetiwurs

Spanish ‘sobrasada’

Y modified from Luecke(1997)
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Table 2. Raw materials used for the production of
fermented sausages

Groups Raw materials
Meat and fat - Lean meat(50~70%)/Fatty tissue(30~50%)
- Rapidly fermentable carbohydrate: 0.4~0.8%
Carbohydrate (e.g. glucose)

- Low amounts(0.2~0.3%) are recommended in
the case of use of nitrate rather than nitrite

- Sodium chloride(NaCl): usually 2.4~3%
- Sodium nitrite: <150 mg/kg
- Potassium nitrate: 200~600 mg/kg

(in Germany, it is limited to 300 mg/kg)

Curing agents

« Usually 0.2~0.3%
- Paprika, garlic, mace, pimento, cardamom,

Spi
pices mustard, etc.

- Glucono-8-lactone(GdL): ~0.5%
Starter culture See Table 3

WF AR YA XHE & S} Pseudomonas spp.
W Enterobacteriaceae?} 'R %o WAL 7IX& EAC
2 Q8] YEd 4 9l7] w)Fo]|tHechelmann, 1985).

£4 ¥ w7l8) 2827 Fol AgH0} IY FelmAL
glycogenolysisel] 2]3]] glucoser} glucose-6-phosphate 2 -3}
3, o]Eo] EAshe Rt ol& o] &= Hit o
F714%o] AGEEA pHI} oF 5.8 HE71R] DolA|A He
A4 pHE H% 55~59 A2 Hx g a8y =48 A
2E# A T o8 ZejRAe] nZEHAS 75 pHIL 6.0
o]Fe] B x U= o9} 2L e THEIAA Y AT
of $AAE Ao Btk 1 olfE A4 pHE) Weldl g
e 27] freflae] A3l AslEn, Rike] 4%
o] =5 o]X] &= ¥hH(Luecke, 1997), 117]12] pH7} 6.0 o]
o A S8 Fahgol Robd, wEAAAe A A
HAAN f3 7 Aol FxlEo Ayl 471 W&ot
(Newton and Gill, 1981).

BaaAAe Aae] 2ole 17lel Ade Agdos
zo|7} Qe F8 AL4H, 2w, 281 1719 7HE So)
de 2k 59 S 417, R, 28w APE
o 37 AHgEE W, FrkeY ol A FE H
A 2719} A9 A kg A8k, E7]9] I’-—f—’r??} [l
A1R1&! Soudjouke] 7A$ 4la7)e} kel Ao g wiEo(x
THLuecke, 1997).

l'>

;

4 X| X|(nitrate/nitrite)
WE AR YAA <kH-S 98 MY F2F FELS
AR\ Aelch. 53] obAAA L obF Bkt 7t Aol 2

A gskal, pH EZF Rolx|al Sl A Foln, dx2r) 313
57 ghe waE7 #51% Gram &4 Welelole) 4%
< 2t /&3 o2 AR, Leistner(1984, 1985a)= L
o] W EAAA9] hurdle theoryo| A o} Ad-S A WA hur-
dlez A48ttt Hurdle theorydr WHEAAIR| Q] A4 QHA
Aol Qe nA e dH9 84S u|dhs &ojo|tt
(Leistner, 1985). i 4AIX]2] F93} hurdleEZ & preser-
vation(nitrite), redox potential, competitive flora(5-3] Z4H),
acidity(pH), water activity(aw)7} AT} ©]E QA4EL %9
hurdle 37} 2l A W vhE hurdleo] 1 E3+& viehiis,
TAHH O B FFE Fof, FELAA 9] PPE FHA
o 3L v XA @t} o]E = oA AR & Salmonella®} 1)
a4 =2} FA 79 Clostridium botulinum®] ¥Apdto} & =
21 AAsted FES A2 dAA EYdre EiEL
ANA ko] Holx 125 ppm ©)3S F7IEI=E Adkar 9
t}h EAAR ole ALFT oHEAAE L o]ed® 2AlA]
o] A o g} st} FAS fiste] AMEEH, s &
7} 9lo] A E Zeshe 2] A3tE te 98-S ot
(Luecke, 1997). 12{u} AArg 7} oAt o) £af Edo] &
9] A 2 olYl(amines)Fo} A3t et EAQI nitro-
saming Ad3te o2 dEHA Hoh AHS Foka U
(Linke, 1985).

ct2(sugar)} SFAIE(spices)

4 F R et & T8 FE|Io Y E glycogeno—
lysisE Z3] YAH glucoses 2zt 2F 4.59} 8 pmol/g$!
o2 B 3% rKDainty, 1986; Lawrie, 1991). Glucose O]ﬂ
o] AA4H glucose-6-phosphate7} Q7] 3, o]E0] BF
Ao og o] &Hent A= FHudEe] HBe o
S Az HAS Aaks)o] R %2 o THLuecke,
1997). ool ulet FHiate] oz o] Ho 25 432
¥, B2 pH A3E FZstd |3l PSS 44E I
£ 3] 938l o8] TR/ TRV AHEAAA €t ol
o] Frtel whe FEL pHe Adhe £=3 AR 9] &Y, =
Aol wg, AR EF7o] Z=go] HojAle Bolth

o]} ¥l ARE /€ o E tE F8F H7t
& gl s(spices)olth. o529 m| A E2(Gerhardt, 1994;
Kraemer, 1997; Kunz, 1994) 12]3 213843 & 3HChipaul
et al., 1952; Chipaul et al., 1956; Herrmann, 1981; Madsen
and Bertelsen, 1995)% oju] Zo] ¥ Zt}. o]eld] 1E9]
223 9% = shie it 7 diAle] Bddte] pH A
3-8 38k Alolgkn Ak s} 22 Bdtke g
E°] = M) 7L Aoz WA, o] vFEF7]
AL Aol d8 & Z&o] dasi, 53] Friate
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ZFQ FAXQ fructose-1,6-diphosphate aldolase2] 2}-g-of "<
Zlo]7] wjEojciKandler, 1983; Zaika and Kissinger, 1984).

AE}E{(Starter Culture)

LELAA = B AR Fol EAshs A EC &) &
A drFE = aAlA|ojtiBacus, 1984, 1986). IESE back
slopping HI o 2% 53l S AR S AFake &= v}
(Daly et al., 1973). 12y} &AJX] 9] A4to] tigkel, aeln
AdstEE A A el AR E0la, &AA|9
AL EF3E Fayo] FUEHIATE o] ule} ~EHE Y
ARgell thgt 7hs/d o] AAHAAAIEA 1960, 700 dth o] &2
& AF7t ool A HUTE ol HAESY Ao it
AN wjA T 1 Abgo] 7HA oA HE o] HEd dhE o
2 Aol ola) ] LEHUTHBacus and Brown, 1981;
Geisen et al., 1992; Hammes and Knauf, 1994; Kunz, 1994,
Luecke and Hechelmann, 1986; Smith and Palumbo, 1983).
L RAAA] At AEIH R Bo] 2ole vAEESN} 19

71l tial th22] Table 3 Aelatdch

ZEHEZ 2ol o plAEE FolA &AIR]] EEA
U] M F83% AL FAtolt) RS BE HE A
Ao de] 2ol oyl BE 3 F dojue diFEe
293l W3l 7]odslr] wjFoltHammes et al,, 1990). &
AR ) wE Z7)e) F-83 B 57} 10107 CFU/g ©)
Y AS olinh e & 47t & BT wan s
Al 2& pHoll =28 = 3t} o]} o] wrolxl pH(4.6~5.9)
T 2ARS BAg F1, 23 9 2 A28 SHske &
HE 7HH ¢ 40 Aele AEE EAEH FAld |
BEC] 472 JAAA AE AR IS M=
oS sl Leistner, 1995). &) 2}A = bacteriocinS A}
AP AATL Agel HAHY REYS AaA e
o] gloy BAApe Aele|Ert olg}l "protective cul-
ture"2419] oJu)% 7EA A HAHBerry et al,, 1990, 1991;
Campanini et al., 1993; Hugas and Monfort, 1997; Nielsen et
al.,, 1990; Schillinger et al., 1991; Schillinger and Luecke,

Table 3. Frequently used starter cultures for sausage fermentation”

Microbial group Species available as starters

Desired metabolic activities

Benefits in sausage ripening

L. plantarum,
L. pentosus,
. . . L. sake,
Lactic acid bacteria
L. curvatus,
P. pentosaceus,

P. acidilactici

Formation of lactic acid

Inhibition of pathogenic
and spoilage bacteria;
acceleration of colour
formation and drying

St. carnosus,

Nitrate/Nitrite reduction;

Colour formation;

St. xylosus, Removal of excess

M. varians nitrite
.. . Oxygen Delay of rancidity;
Catalase-positive cocci X8 . y . .ty
consumption; colour stabilization

peroxide destruction
Formation of
carbonyls and esters

Aroma and flavour
development

Yeasts

Deb. Hansenii,
Candida famata

Oxygen consumption

Not known in detail

Delay of rancidity;
colour stabilization
Aroma and flavour
development

Moulds

Pen. nalgiovense,
Pen. chrysogenum

Surface colonization

Oxygen consumption

Lactate oxidation;

degradation of proteins and amino

acids

Suppression of

undesired moulds;
facilitation of drying
Delay of rancidity; colour
stabilization

Flavour development

(L.=Lactobacillus, P.=Pediococcus, St.=Staphylococcus, M =Micococcus, Deb.=Debaryomyces, Pen.=Penicillium)
Y modified from Luecke(1997)
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1989). &3} probiotic ZAFS AEFEE AlE3l 7154
AEo7A 9 FEINAE Ml e =F T olojx 1 3L

THErkkilae, et al., 2001),

FE2 S TEQG045T)NA B2 AT TE AIA A
gto] g ZAIAE AAtetE Ae dsshe s A

Pediococcus acidilactici®t 22 ZAH-& AEFE R o] &3t}
oo wHall, Y A dolMe Izt A& B3 oI 3k
o] whtala, pH A3} T3 FH 3] dojvbes A AFgich
olo] we}, 53] FH-FHA Gl Zakwdt 3} Micrococcaceae
7} 439l ~ElEelE F2 Al28tHLuecke and Hechelmann,
1986).

BEAAR) AL PEE Rl met okl Aol S
& glovt Ao 9Rge A4, AR EY, casingel
L

g a4 9 Adz2 Ys F g

M} &gl comminution and mixing)

Aot EFA] 7)e Apite] &t AeE ol Fajv]
AEC) ARstE 2 WA f8), B A H W E
W%-L A ZltiHechelmann, 1985). B3] =|wke] Z-9- A4
T Y% BEAL S W 42 AEe] AL gl
FELAAE 3 A5 B4 F=d we FF57F €2
1= e, Bdo Af & AR E4€ U ARSst
' 2ARA Y EFE Plockwurstehal 8har, a|AIgE YAke] 11

712 A128 2R E Cervelatwurstzhsr ghr}.

[ Raw meat and fat J

+

[ Chopping I
[ Chilling/freezing J
Communication r4—————— Salt/Curing agents
and mizxing 4———— Sugars, Spices
[4————— Starter culture
! Filling J’Q—— Casings
b
Surface Starter culture
inoculum
h — v
[ Fermentation J
[ Apgeingfdrying ]

Fig. 1. Flow chart of fermented sausage manufacture.
(modified from Luecke, 1997).

ZH(filling)

&EAA] AEZ casingdl]l FHE o 7P 83 A F 5}

= 3717t o7 @25 Folst= A o|thHechelmann,
1985; Luecke, 1997). ojd Eo0]7}F F7)& AAIR] Wi T
HE VA & W ol MAdF BhE skt W
2271 @) o8 Y8, IF FAVIZFAREEE 24 A 2
718 524 BAH F47]d) YolF= Aol dasith 45
2719 %94 WA 9 A E2 2EQLT)E FASe RS
AZ] g ey Fa% dES vk

gt <=Ad(ripening)

G = AFFH I Az} o] B BELAAE HE
o 23 Wy oz PiEA gAou, 1 APGTHEIF AA
A HA i) gg SoluMx YuadE FFs AIA
B4 2 AELY AR E Aakshe Fo] AlF9] 2R
< woledl 283 8471 HYrh o & fEiM e TELN
8] B40] ol FoAAA He FE $4717 B¢ ol}
dR@o] e S dS3tn 248, feedbackste Zl0]
1432 o]t Roedel(1985)L EAAIRIS] HF L SA47|7E
=clo] g3t A8 7]FX|(experimental parameter)E3} &t
A 2 ¥zl 42 nXE JFH 23 2E(external
control magnitudes)® W& 7 LE(internal control
magnitudes) S A A5t tHTable 4). o] & F83F 53
273 RA5E ANAY LE S 5L FAE £
S(temperature), ‘35 E(relative humidity, RH), 28] F
719l & E(air velocity) ©.8, Roedel?} Stiebing(1988)2 A&
< B3 o5 2AAe] Fof GEE X e 83 IE
A& ABEAE dTste o 2AES EFES] A
3 7IZABES AABHAT

2AIRA Y TR Fo| 21L& EE HRVIE 4 2
AZ7|17Ee 2 WrolA dEfA|Al "o

ANZre) REFE 93t VIR E BT 22T )8
9] xolA LEE AFIH Frielu SdedAe ARl o
Hr} ye 8~12Cox @EE AlZitKIncze, 1986). o<} &
g, AZA7IA g 8 A& (semi-dry) 2AIX]E 22~26To
A REE AFH v g AR AR E ol BT S 2
TollA F2 A7k qlol] REE AJZIT) o]9} o] L 2%
oM TEE AZ AE FalFol g LGH ASBR
dA% #elrl gadith #F UL B FE7
(ripening chamber)?] RHE 2% AA|A] Y5-9] RH(water
activity x100) Et} o 5~10% %2 85~90% HE=E, J8lxn
719 58S % 04 misvt HEFE Aoz HuFHIH
(Stiebing and Roedel, 1988).

grek 717t B¢ FHolv HAle] Arle AE HY

o,

i
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Table 4. External and internal control magnitudes and
experimental parameters for dry sausage

Internal control magnitudes

(recipe)

External control magnitudes
(climate)

1. relative humidity(% RH) | 1. common salt and sugar content
2. temperature(C) 2. fat content
3. air velocity(m/sec) 3. degree of comminution

4. casing width

5. starter culture

Experimental parameters
1. acidity degree

2. water activity(aw)

3. firmness(Newton)

4. weight loss

AgoHE, TEVF Bd § FAE Sk FAL BaA g
A3 538 71 4 9UckToth and
Blaas, 1972).

AAIRE HE 12~15T 9] B2 Lxox A3 Az 1
B AR o] A7)l 2A1A¢] A2zt AME) Lol
sjul o] Bl AR AL ] AAME AP
RHS} 7)o 589 AL FE& Ho| ZF83}rHLuecke,
1997). A7 A=x27F Jdgd nel 823857 ](ripening
chamber)®] RHE A A3] st3olol dl=H|, ojuf &A)A|g]
pHst a0 weh Aol A Hrh. ol £AIAIS] pH W
37} anol]l & FEE F7) 8o Ao Wyt AP
w2} pH7Y 532 2 wolXHA Sl Ee] jsoelectric point
o ZPAAA E 3 B o] Lolb Hlof £8 F2
& (water holding capacity)o] A EtEHA AA|R Q] $EAA
7} X150} chambere] RHS} &A1%] Wj5-2] RH Alo|dl] 2
271 B8 HoR Al Hr] wjEo|tKStiebing and Roedel,
1990). #53F AZVt doJUsE 3r)d] Ak 379 &
4 9F 0.1 mis2 B ith

Ripeningzote| o|ME% wisimicrobiological changes
occurring during ripening)

EAIR 9] £44713F B dojvte P8 EA WSt i)
A& Luecke(1985)c] <]&) & A= olAt}. T3 Hechel-
mann(1985)& £AIR] 9] £4E& A E o|F F e ARE
“1 AEC] W tig] AAs AEtArt AR 9] wee|

23} A&S st v|AEL WA Lactobacillus$} Micro-
coccaceae(staphylococci, micrococci)©| ™, yeast®} mould®=
Fasith BELAA 29 A90] Ht F8% YRS
2 Salmonella spp., Listeria monocytogenes, Staphylococcus
aureusS} Clostridium botulinum©] UH{Hechelmann et al., 1988;

Katsaras et al.,, 1985; Schmidt, 1985, 1987, 1989).

Z813|A] A 237 Al 45(2003)

2AA) EREY 27] D4R TRE YAAoR 18D
a7 et Ao v AE Aol s 2% @ kLuecke, 1985).
AAZEA A7t & € Aed EAE $Ee e BE
em’e] ¥ © ok 10° o]sle] mlgEo] EAsln| 259
WEE-& Micrococcaceae\} yeast®} -2 Gram 24, Oxi-
dase ¥ TIAEES|TKGIll, 1982). 2% WARTo] He
T wedle @ 2&d diE] e 7RE Psew-
domonass spp.\} Enterobacteriaceae’} F2 Wadlcth ZF
Aelg @ 48 zdsel sle wlel 2
bacillus7} FZ ©|FA "t}

3718} A ko] THE AA]R) 7‘“ R]E, 53] gAA<
Al a7} 0.96~0.972 Holx] 3, =
AH|7} gojZith o]o] uheh ’&i—é— 4= 3l RE &
oL} ofAAtg o W3} Pseudomonas spp.= 3 74s1A] F
Al €t ol e} H[=5HAl, 4tde] 1A, @& pH, 181 &
o] ZA) = Enterobacteriaceae?| A 74-S A& 3ic). o)d wh],
A3}y Micrococcaceae(Staphylococci$} Micrococci)7} 23
Aa7)o] £ 7o) 24 BrHLuecke, 1985).

ohe) Fig. 20l 550 WhE2 A4 axlAel @
q9} 4717 ot v|AlE WIElE HoF1 9t} 04%
ol }e] BES Hrlsti(elW FE AHEEE FE-S glucose
1} sucrose), TE A& L5 20~24T2 2AS FAL 4
-y kg 2o Aibte] o] SR, SEF 2-3
d F 12 §7} 10° CFU/g o4l Had ol ol2A €,
abe] A wE FAJSIAHA w2 pHA 3171 dojuiA Hr)
oju &3] AAS ANFEL FZ facultatively heterofer-
mentative Lactobacillus spp.(Q™ streptobacteria)= 2 L. pl-
antarum, L. sake, 12811 L. curvatusE°] THE b EEd
el APl gom, &ARY FAHCA A
(Geisen et al., 1992; Hammes and Knauf, 1994; Hammes et
al., 1985; ; Kroeckel, 1995; Kunz, 1989; Luecke and Hechel-
mann, 1987). o]} o] &A|X] EAA & st At

TS 2EEE A3 8] B2 A7) o] Foj e
g o)L HAZE AHEHI Sl lactic acid ~EME 9} 22
Zo|t}. o] Q|| % Pediococci(Pediococcus acidilactici) =3}
EAA| B & A, Fgst BRI 2 AMSEH 3 gl
E3] uj=o A9} o] quick ripeningS A Edhs RollA F
2 AMEE 1 9JtiHammes et al., 1985). A E LA xje] @&
& 52} Leuconostoco|\} WeisellaS} 242 heterofermentative
Lactobacilli7z} AA| BAFFO] 2k 10%S X gcia v}
(Luecke, 1997). 181} o] 52 B4t o] 9o 244 YAI3HH
2AAS) B3t o] ko] R Ao, G hag A
£ 248 74 2446 7ol A sl REAAAS
dhgol] 2ARAe nAER o AR Buckenhueskes, 1993;

A9- Lacto-
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Luecke and Hechelmann, 1985).

Micrococcaceadl| &3V Staphylococci®} Micrococcive 2
A4S olAAg oz Rafdtn, AAE 4H|8lA, catalase S
FAsla, @A AAE Fashs E48 7R Qlo] &
AR Q] wral | wkw) gko] Wido] FA| 7|3 #u oy} A
wko] Al & vt A&7kR] FcH(Leistner, 1995; Luecke and
Hechelmann, 1985). wrelA] olE59] 472 B3 F& Aol
£ F49 AR S fi8] Fa3H, o] & 93 28
Blaa 7)o 258 429} Micrococcaceae(10°~10" CFU/g)
2 o] A3t Hammes et al.,, 1985). 2AJR] AF4te]] A€}
B2 o] o]&Y¥ 1 gl Micrococcaceae+ Staphylococcus
carnosus, S. xylosus 12)3L Micrococcus varians7} SJch.

EFE] dAlE SolHE AFEHAE A} Zo] 24
A 3AHAPFY 48 7HA] 2450 £AH 2.2 hurdle2A
2rg-8le] o] 2R A "t} Salmonella, Escherichia coli, Z1
23 Shigella®t 72 Gram &4 WATES EFse
Enterobacteriaceae’= AT Aze] HAHat HA3I proce-
ssingell 9&) pH7} WEA] HolA| 1, aw7} HolRHA AA
3] Asteo], 2R & AEHTHFig. 2)(Kraemer, 1997).

E3] Salmonella2] 37L& GRAZA o}ALIAE A3t
a1, Glucono-delta-lactone(GdL, °F 0.3%)S #7181 AE}H
2 Al g-3)n] wEe &4 L8 25T o]3lE FFo] A|H
o]Z 4= K Schmidt, 1985, 1987). Staphylococcus aureust

58F Jose

55 oy -Wert Joss §
S2f dosz }
49

]

7

)

-]
3

bacteria count/g
8 3

g

time (d)

Fig. 2. Development of the microflora(log colony-forming
units/g fresh weight) during ripening of salami-type
sausage by the ‘normal’ method (use of nitrite and 0.5
~0.7% sugar). Ripening conditions: (I) 22~24C (2~3
days of first ripening week) (II) 20~22°C(2~3 days of
the first ripening week).(Data from Ambrosiadis, 1981;
Reuter, 1967, Wirth, 1984).

AF AR A BAF RN HFES do7)7]E AR
o] enterotoxinE-& F4sel® BE TGt 107 CFUlg
o) Aolojot 8l7] W Fdl| &A|R] processingol] F=2]7} 7]&0]
Atk o]Bo] 23 AFE AP HE R B
(Luecke, 1997). S. aureust 253 ol rdd] s Ul
& 7A@ pHel e =0 tis) ksl mEel
%719 pH B Faht & ejn BE 9S4 2o 2%
olg9 AAE ued ¢ F8ITn EuHUTHMe-
taxopoulos et al., 1981a, b; Niskanen and Nurmi, 1976). 712}
Y Fgold o8 LEH 2AIA ] 7S5 pH Aol Hu2
7] W) & @Ey Ao 2wt v sHEE S
awreus7} AL F Y J¥€4] dvtn RuHATh
(Hechelmann et al., 1988). GA|A|Q) o}AAde] A7), ol
7 pHe} AR Qe vYEEL] &4, a8l3m dolxl aurt
o-2-2 A Listeria monocytogenesS} Clostridium botulinum -5
o] 2= 7 )] FE3 A2 EriKatsaras et al,
1985). o] &A= falst FHole] 7% mycotoxinE T} ZL&
EAE AT F 7] dlRo] olE9] Aol AASA A
Fojo} 3t} o] 59] AL u] Y3 7 Wol ole W
e Foa]g]o|m potassium sorbate® AT A= &3
7} 22 Aoz deA Yri(Leistner, 1995).

a5 A A|X| glel|2|o}=2] topography

g 7], AR ABREC] B AR B
(10°~10° CFU/g) EFE Sl Ffrslo] e s
7} 1&gl ugl B EES) EXEe BFEIRA ok
3 SAjo] A sol AJE)7} gel el 2 o] HHA
gEolee 23d JH 2 v& Ba5aA EAle Aok
H o] AR EFES] AF 9 o] A1, 4ol 3
gl mel AZ27A] doluA =AM ofd dhglglols &
daln ojd vlelg]olES wWE AL s At olHE
Ao £ AAXE &n7A((100~1,500 pm)o. 2 A}
g9 delglolgo] vkA] FX(nest)ot #e FHE 7HA 3,
o] nestE& 2] T E(cavities)oll 2J&] E A 3le A
< B 5 Qi oj3d el vHElelE2 1 o] FHo] F
3] AkE Rt 2z RE 2A1R|e] &&= solid-state fer-
mentation ©.2 EA) 2o} A tKatsaras and Leistner, 1988). ©]
Fol Br1ed el 2l HEgolEe AER 4FE A
& APE-S A4 FHd e ARE ARSI "tk 1 F
JofBo] nZEW ook o #ildiffusion)ol| 9 Z2EH
ARtk ulebA, F8 Hte|glotee] AAwt B4 dFE
Fakgwr) ojulshikel] @itk aAXe] TR M F
23 AAFE EJ HIZ 0|9} & A FAX|7] &

]

BEAA 2AJA 2] Ak A e 2AlA 9 S44712 et

°]

Ein
]-,

ko

£ R
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9] o] 5] topography & Tl 7 o|aflataL, 123 &7 2
2 235l= AelE|E FolUl&= A o] F Q31N Leistner, 1987b).
gt 5 AA|X|12] HACCP(HACCP concept for fer-
mented sausage)

HACCP(Hazard Analysis Critical Control Point)e= 2] Z2]
/‘ﬁ’\miv‘%ﬂ o] o] 2717k] A o A gl 84

& Aok, ol8 AAAln EEHoE Beldle] 4F

o e B AT Ao AgBAAACI
(Stachle, 1988). TgAA|A] Z-$+% ©]2{ 3 HACCPL] 7|
9 Y% 448 Belol et ud AF) PUS m}
g 4 9t} EUoA = 19851 Leistnero] 28] #S-©
HACCP 7l'do] =5l=o] B8 EdeA HE + e 5:/‘1
2] ko o] 5]7] AlFEGTE 2= MBEH SR bHE
WEAANAE S 9 198ke] 59 2] A (Critical
Control Point)52 AA3tHTE o] 5L AAIXe] A A4t 3
Aol A o)/dHQ] Y7} HEE d17] &l Folsta
A Ao v 22 *P‘c}%—% U‘r—am_ uck A
B(. AT 5 2. £%; 3. pH; 4. a,; 5. . o} AL
7. AAld: 8. B8, 9. GAL; 10. ~E}EY), ¥ E_S’—} A ZA(11.

e 12. A s 13. —7’—7]94 & BH{air velocity)), A4+ &8
F(14. 2 Al 555 15, 77 & 5 16, A8 @ F3ol9
ks Xiaﬂ o7 17. &4 oﬁ— 18. A|F2| pH; 19. A F2
aw). 1 F o|l& FoATAIFTES 14-7‘4 JEEHAE 2
gl wAe] AFE AX 3 o, FesxE 7 AR
S 913 AEAQ] AP oz o] 8d Flelth

wEAARS] ATE

2 1988132} 19891 9 “a ARG 2B thate]
A& Luecke 5(1990)8 L EAAIR Q] o3& &4 g
& A3 eg dTE oot & Folol el )\1-?;]7‘&]]9}

Tr)Ee] AEIISeRE AL wgith 1 AT Yoz
o] 2Ho] d AoZ JARY AL FARTE -—7514751
o == xm G2 BN E gt A Bo] A AL

l

AN E A A L Yol HEHE S F e
g Zohlle Aotk et o F 3 dzte A
-8l d(E3] enterohaemorrhagic E. coli, EHEC)S] 37 A&
9} biogenic amines®] o] Ao} F2 FHAP} HUTk
(Scheuer and Roedel, 1995; Tschabrun et al., 1990;
Vandekerckhove, 1977; Wortberg and Woller, 1982). Biogenic
aminesi= olu| Al 2 RE] 2 n|AEo] 93] o] =
, 2etEA <l nitrosamines] ATFA Y B opEt HFE
I dElErE dodle A & geA vk 2D £44
e ez 3 53] FHold o 2HEH AR A=

biogenic amines®] A FAQ Helo]| =1} oln|ito] HE-3]
EZAQSHA Ha, olgt &2 AL thA] opnlicAto ZRE
biogenic aminesE 4] 8} v| A EE(acid-sensitive bacteria)
2] %8 RAE F4 Hol biogenic amines?] 4 ¥ =
7} &olx] Al BrHMaijala et al.,, 1995; Scheuer and Roedel,
1995; Tschabrun et al., 1990). X3}, EolslAIE 17]oA &
Aoz = RO L curvarus®} 7o) biogenic aminesE Al
Aste FHtER WH R wel, SELARY 28
B2 AMEE WY ES A8k o $lo] biogenic aminesE
Ag8kA] olof ke Aol FL3 AARY Fo shto]7]
T 3ltH(Jessen, 1995; Knauf, 1995).

BELAA ] 2B E AYshed glo] ofHE He 1
o] 2§k u|AhEo) 57| Hsle] ztFojof sk 20| B
Zolgke otk &, 2EE 2 29 ugEL 17 T2 A
el 7123k WAES el BAS HAk 3 &L
SARTEL oA AR BEECEEL B A )= ¥
Aated =go] Hojok she Al Rl WAES] 44
2 fAAeR AT AlFe] B F A=F B 1

olsh o] %
48 Bethe AL WS o

=
ot vigke 2 fHR} 3] 44

Al »d Ao g AR 3 drHHugas and Monfort, 1997).
SAAE 71 AA
AE TS BA3l o8 7|5 T 7= 2EE

AHgstmA st
3 olsh 2e

Aoz, ojv] 19903 N ¥ Lactobacilli
A7}t Bt Qlch AF7A] 7HE
ATH AL electroporations E3 {83 n|AYEo
DNAZE Lactobacillidl] 243l Ao 2, Gaier -—(1992),,
sake®} L. curvatusZ Q1389 1, Aymerich 5(1993) L.
sake, L. curvatus, L. bavaricus, 183l L. plantaruml] <&
DNA HEEE A dstEth T3 o] Lactobacilli2 5-E] 2]
B-galactosidase 5 AHObst et al., 1993), catalase(Knauf et
al., 1992), bacteriocin A Axelsson et al., 1993; Tichac-
zek et al., 1993, 1994) So] BA| =0t} o]z kA s}
thir 1% ¥ (Generally Recognized As Safe, GRAS) 1] A &-2]
SAR7E BAFHAR S tFEH, Gaier £(1992)& S
staphylolzticus®) lysostaphin RS A~ElE| 2 220]1 Y&
Lactobacilliol] E-A|5tH o™, o]& B3l S aureus?] A7 o]
A n 2AFS A SV GRS AL 5
ik

BEANAY T4 S0 A A% DT )
TE $9 8l bacteriocing A ete n|AES Fo
EEl2 AMgstux sk 7;10111}( arriga et al, 1993).
Hetol= F2E AROZ o JUYEH &

B
;_(_4'
=
3
=z, o]gEe ofe] 488 S0l U %
=
E%—

O
_'Oim

-

rir
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X

BE 7= BEOZ, o] Aitete PAES WELA
o] 2elE|2 AMSE A% WY v|AEY 44 e
Ug B ofg} 7)E0] n| AR it BAgHe] 7t
o]Z o) ¢ltiHugas and Monfort 1997). WHAE 7}
EHE HAFE bacteriocino]} o] & sk S
H2AAS] 2EER ol £8 4 ATH AZE bio-preser-
vation®] 754 & QolFol, shet WRAE FlSANE
2 A1 BEG F gle 3 A ES FYsIE Yt
£ A2e) 2AEe 478 3542 4 21 & HOE o)
A 6E & #4-S 2o 9riHugas and Monfort, 1997;
Shahidi, 1991; Stiles and Hastings, 1991; Yousef et al., 1991).
2k 427 bacteriocin®] nisin(Group 1) ©]¥]<]| group 291 4
3} bacteriocins = &4 FoflA o] AFE ARG o2 L
curvatus7} AJ4HgE curvacin A(Tichaczek et al., 1992)¢} L.
sakei2X-E19] sakacin A, P 128]3 K(Holck et al., 1992;
Hugas et al., 1995; Tichaczek et al., 1992)& Th2 A7}
L. monocytogenes©l| ™3+ FFEHE BT} A, P. acidi-

lactici, P. parvulus 18]l L. plantarum7} 2348} pediocin

ol
<L

)
A AT

o

PA-1/AcH¥ S. aureus, L. moncytogenes 18] Clostridium
perfingensol] T3t & EHNE HHT) ojejol| oy 7p2] &
FBANRS BAANA Listeriad] t)3} bacteriocinsE2] &}
&2 A3 A7EL theo] Table 5o Fa]slAth 2 AA]
)] ZFo|| A:glo], bacteriocing A= HAFL O
22 g2 ikto] FEE vl Bs) Listeria®] 23S
Aesle] o] 2L YAE 2.5 log CFUg7HA] EdF&
7S 29t 28 bacteriocinse 3] F Mwlo] olg}
Lactobacilli®} & §-213 n| P2 AL Ased 4 9l
F(Table 6) 2| FF0 Aoy} A Aests 540
213, proteasest} T} inhibitorsol] ©j&) B84} ol 4
gJtiDegnan and Luchansky, 1992; Jung et al., 1992; Leroy

Table 5. Effect of variouns bacteriocinogenic lactobacilli on Listeria in fermented sausages

and De Vuyst, 1999). X3, 5% pH #H{ol|Agt 1 &40]
Uepd 4 glo] ode] A Fol e} thee Aol eldthe &
5ol o] gogr B A7yl a3 Aoz JAX I )
THCutter and Siragusa, 1995a; Gaenzle et al., 1999b; Incze,
1998; Mortvedt-Abildgaard et al., 1995; Yang and Ray, 1994).

F e 7155, kA, 283 BEY o]Qolw HAe
21 Fo g Bilo]l Folel waKDiplock et al, 1999;
Jimenez-Colmenero et al.,, 2001; Kunz, 2000) 2EAAIR] <]
M= 7154 H7EA S el oz @771 o] FoiA]
3tk EZQ < E probiotics2A]¢] HHEAAAE A
317] Y8t Atge] Afle gl /83 WElgole s 4
o] 2B 2 o83l AT-E°] AUTh Arihara 51996,
1997)& probiotice] ZAjAde] U= L. gasseri JICM11310] 11
71e] Wl olgSold 4 glovl AT FHYE U T
A 3 AxE Atk o] Qdv L rhamnosus FERM
P-15120, L. paracasei subsp. paracasei FERM P-15121 (Sa-
meshima et al., 1998), L. casei LC-01, Bifidobacterium lactis
Bb-12(Andersen, 1998), L. rhamnosus GG, E-97800, LC-
705(Erkkilae et al, 2001) So] @EAA|A]L] A4k pro-
biotic 2E/E12 ALEE0] 4 SlEA] AFHHT Aol
ASE YRRe] AaEEe 249 BEe) AHEE Al
89 4 gk 71EHe 2U5L 2aE Ao YHH
717 AZNE Lee2003)2] AN A E ol S3he] wE
2N BAHSEE B AT T S 4T 5S )
Mke B, fol3 AEE vEd nue 2 o
phytochemicals)®] H7}2 Fal 7152 2£AA9] 7ido] 7}
et o, BA0] 139 Rabgo] 2E 2 AL8E 4 9
= 75AE AA S o) X7} multi-functional A B2
AR R SSE Btk o g® RRLAR Y Y
o slol A2 7S EEHoR e MER As 3 Al

(Luecke, 2000)

Decimal reduction of

Bacteriocinogenic
Type of sausage &

Listeria count compared

Reference

strains used i :
with control strain

Fresh L. sakei Lb706 I(regrowth at pH>6.0) Schillinger et al., 1991
(undried, low-acid) ) &t pHo. 8 ?
Dried, Various L. sakei and
German style L curvatus strains 0~2 Hugas et al., 1996, Kroeckel, 1996

. Various L. sakei and

h styl . ; .

Spanish style I eurvatus strains 0~2 Hugas et al., 1996; Hugas et al., 1995
Italian style L. plantarum MCS Slight effect on survival Campanini et al., 1993
US style Ped, acidilactici 0.5-2.5 Baccus-Taylor, 1993; Berry et al,, 1990;

Foegeding et al., 1992




370 Pl

Table 6. Antagonistic strains

isolated from fermented meat products

E38t3)2] A 238 A 43(2003)

(Garriga et al., 1993)

% of strains with positive inhibition in agar spot test

Indicator strains

L. sake L. curvatus L. bavaricus L. plantarum

L. plantarum ATCC8014 9 6 0 9

L. plantarum DSM20174 5 0 0 100

L. curvatus MCD02739 12 6 15 0

L. curvatus CTC strain 14 14 11 9

L. sake DSM200017 4 0 0 4

No. of strains assayed 139 66 27 22

AEo] AT M A&" Aoz AlgHrh Elsevier, Amsterdam, pp. 159-198.

2. Ambrosiadis, 1. (1981) Verwendung von texturiertem
?=3 % Sojaeiweiss bei der Rohwurstherstellung, Ph. D. thesis,

BEAAAE FHAA At 2 A7t dA B
HE SAFIN TN T QA g, 94 €A
glo] AT ¢ sle A Fol TELAA]0]7] 2o AR
AN E F2 FA& 7K AFE sk A
°] %35}1:}, EE, O Aado] digstEEAs dEHelT ¥
F2 Adste Aol gAY #gA=ZE AR
T7t elFo Ak AL WA F89
Sk Zolw, 3R T AED
0] .%l/ﬂ nj 2o AR

o FAAEF Zglof gt} 53,
urdle S 243) Fol fag 7|8
ook Ftt H YA RN E
LA € ﬂﬁ*éﬂr < F4E °1F7] A3l 2Bt AR
HolAH, B &7t Hold 28 E 7] A% A7)
olejx) & gtk o FA <l mlgEES] 4BE =] A,
2:A12)9] topographyE 2 ojsfste] §3 87 2 48
&+ Sle vES er, 89 A Edcl He &
AEE Foldok & Flolnt $lol A7 2R 9] g9

A4 9FE VIAE oY 7R 84052 SEIAR] A
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