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Abstract

This study investigated the microbial contamination levels of raw meats used for short-ripened salami and changesin the
microbia and physico-chemical properties of the product during storage at 10 and 25°C for up to 120 days. The microbial
counts of raw meats ranged between 2 and 4 Log CFU/g. Frozen-thawed sow meat showed higher total aerobe and Entero-
bacteriaceae counts than fresh chilled pork and pork back fat. Saphyl ococcus aureus was found in all raw materials except
fresh chilled pork samples, and Clostridium perfringens was detected in a sample stored for 21 days at 25°C. The counts of
total aerobes, lactic acid bacteria and Saphylococcus spp. decreased more rapidly at 25°C than at 10°C when the storage
time was extended. The growth of Enterobacteriaceae, Pseudomonas spp., Clostridium spp., yeast, and mold were
restricted to level s below 2 Log CFU/g during storage. The contents of salt, water, crude protein, crude fat, and ash of salami
sampleswere 3.4, 33.4, 30.8, 32.7, and 4.3%, respectively, which were not affected by storage time or temperature. The pH
value of the salami wasiinitially 4.79 and increased to 5.02 and 5.26 after 120 days of storage at 10 and 25°C, respectively,
whereas the water activity values decreased from an initial value of 0.91 to 0.90 and 0.88 after 120 days at 10 and 25°C,
respectively. The TBA and VBN valuesincreased slowly during storage. The redness value of the salami samples stored at
25°C decreased more significantly than the samples stored at 10°C. With increased storage time, the values for the rheolog-
ical characteristics of the salami in terms of hardness, brittleness, elasticity, cohesiveness, gumminess, and adhesiveness
tended to decrease more remarkably at 25°C than at 10°C. Based on sensory evaluation scores, it appears that short-ripened
salami is no longer acceptable after 90 days at 10°C and 30 days at 25°C.
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Raw material

J

|

- Fat :

Cutting and
mixing

- Frozen pork and back fat : dicing in the size of 10x10x10 cm
Chilled pork : chopping in the size of 3.2 mm

cutting with silent cutter in the size of 2~3 cm

Pork : adding spices, starter and sugar, and cutting in the size
of 3 mm and finally adding salt, nitrite-pickling salt, and
phosphate, and then, mixing them thoroughly. The final
temperature of meat batter was -2~07C.

J
- Stuffing the mix in a fibrous casing (dia.: 45 mm)
J

Fig. 1. Schematic procedure of salami production.

TEYEE AES pH S 543 PHoE AFT $
=7 Aol oF 2371 A9 head
oA 1087 WARE v 2243

)

USA)E o83l S5ttt URbaE, 2193, TBA,
a8al VBN FAIXEE EZE Al FAZS bio-
mixerZ vlfste] FHISHTE Aebr)e] S, e,
ZAT 31 T IuhdE-2 AOAC(1990) el o}
2} FAFATh 2ejar A9 Mohr W (Aurand et al.,
1987)HS o]-&-3td g3t

AP A F2A TBAZS Witte 5(1970)2]
o w}e} spectrophotometer(UV-1601PC, Shimadzu, Japan)
2 530mmo A FFEE SAH] 1kg A5 T mg
malonaldehyde(MA)2] o = FASATH A% & ol
A 3 A=E Fotsty] Y8t VBN#LS Conway vl
Febio s SN, 1975). Al TAHE 5
=] Algo] HFehHS 8217 (Minolta CR-300, Japan)S-
AHg-ste] S48kt olm) Hunter L(¥ A 5)=+95.91,
a(AA%)=0.09, 13l b(FAE)=2.02%1 WA FFHE
7813 T Hunter 3to.2 783ttt o] o) 2713k
S A7 Ly & by, 28 AR T 58S Ly, a, by
2 I AE=/(LyL) +(@g-a) +(by-by’ & B o5
HAEZ W),

E4L8 Auwd 59 WgFog vl 25cm, A& 25
m, E°] 2emz A2 ARE IA¥A} 120 HE

Q

. - Cold-smoking at 25°C in a programmed smoke house
Cold-smoking
for 3 days

J
Dry-ripening | - At 15C/80% r.h. for 2 weeks

J

Packaging - Vacuum packaging in a laminated nylon/polyethylene film
J
Post- - At 90C for 1 min in a hot water bath

pasteurization
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2 20Log CFU/g m|Rke & vho Hooja] abelu] A|zo
A3 Fo 7 ATt et gAY ESolx9
FTure 3 v A9 A3 747 311, 4777 346 Log
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Table 1. Microbial countsof raw materials used for the manufacture of salami

CFU/g(¥+ 4.32Log CFU/g)°]1al Enterobacteriaceae}
A EFO)FE 30Log CFU/g oldos et SA
oy AAYAFAGHT =& Holth o= UHIA] ¥
S5 A =539 A AdEE Eetdla WE sl
B F vAEe] S 71918 Aeg FHr
HESE T3 THYES diste] 3 A Aol
ZAPL o FolAA] Fatnh 7 WAl AEA] 95
ET5E 476Log CFU/g 7)1t 3kA 3 v
AR EFE A5 Fa57E 24 dEoA Y vAdE
o] Hale] 6.45Log CFU/gO. 2 =9kd o]fd st
o A9d F {Idth

dz o rlr N o

Azio| YES HE0Me| AlESSHe EX /T oiet
Table 2= ) 22HE 35 7|30 =2 wA)E Samonela
ppE HIES /1A AsEel diste] 2t 9553 o]
£ o83l Axd Ao AR 77t T AEHe A

(Unit : Log CFU/qg)

Microbial type

. Rep-
Raw material . i i _ idi
licate Total Lactic a_c:|d Entc_erobac Pseudomonas  Clostridium Yeast & Mould
aerobes bacteria teriaceae spp- spp.
Frozen-thawed 1 311 <2.00 <2.00 <2.00 <2.00 <2.00
sow mest 2 477 <2.00 381 <2.00 <2.00 3.38
3 3.46 3.30 3.08 <2.00 <2.00 3.38
1 2.00 <2.00 <2.00 <2.00 <2.00 <2.00
Pork back fat 2 2.60 <2.00 <2.00 <2.00 <2.00 <2.00
3 3.18 <2.00 2.85 <2.00 <2.00 <2.00
1 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00
Fresh chilled pork
round meat 2 341 <2.00 <2.00 <2.00 <2.00 2.48
3 2.60 <2.00 <2.00 <2.00 <2.00 <2.00
Mixture of above 2 476 3.88 3.30 <2.00 <2.00 <2.00
three raw materias
3 6.45 <2.00 <2.00 <2.00 <2.00 <2.00
- not determined.
Table 2. Detection of pathogensin raw materials and salami products
Samole Salmonella L. mono- S V. parahae- E. coli C. per-
P Spp. cytogenes aureus molyticus 0157:H7 fringens
Frozen-thawed sow meat - - + - -
Pork back fat - - + - - -
Raw esh chilled pork round meat
materials Fr. chi pork round m - - - - - -
Mixture of chopped meats of i i + ) i )
above three raw materials
0day - - - - - -
21 days/25°C - - - - - +
. 42 days/25°C - - - - - -
Sal
aml 62 days/25°C - - - - - -
28 days/10°C - - - - - -
90 days/10°C - - - - - -

+, positive; -, negative.
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FE5 gelslaitt. S aureuse WE-8lEE dEIAEH FH F AR @] SAEHE ARLRIAR| ASET9
AW 9 o] & 59 HF EFFIAM HEHJMT T = 1-2Log CFU/g A& AT Holgkar st 1
9] 5L Yo TARA eodrt. o]2id Y88 1} Barbuti(1998)= Lactobacillus curvatus, Lactobacillus

ol g3le] Az aehn] AF F C. perfringens= 25°C
oA 2147t AE ABoA HAEFHAT 1ga C
perfringenstt-& AZ44S A3 & 25°Co| A #3 0L A
o= WHE A Fgot 21YA WAEHAT. 1Y 62Y
M A1 AFAASHE T ol WAHA sk
o @9 10°Cel A 28U 907t AR B9 C
perfringenstt& AE= A ZUch. Aen] dEFox = &
A=A e C. perfringenstto] 25°CollA 2147t 44
g At AlFell A AEEHIAY © AEtr] s Sou
AT} 2 AR @2 FFEoA LHHAA C
perfringens’} FEGAHE7} Bl A = AE|E 204
S B9 FAF g 229 5 AW
AT et $4717ke] QAo
7} A=} 7+t C. perfringens’t Abd
BHT) wep A A850 A3
ANze] mAESA F24S sl davt i ofey A
ghujo]| o} AAkAS whEA] H718Ee 24 Clogtridiume] A
5 AANZE Zert ok §H, S aureuss AxESA
FZL AR T 25°ColA 627F, 183 10°Col|A 90Y
Aake Bt BN sk

ALLELAAE 7o) Aol g5
A4l a 455 A4l A
SAFoR H. ol A% $4TRZ
o] ZAgsitietE Yo pHel FEEAHE
st AJo] AA|= 7] wjEo]ch(Barbuti, 2002). 19
= BFekal o=ollA ArjEe AL ESAFANA E
coli O157:H7, L. monocytogenes-t Salmondlas 2] 255
ol AEHE AP gk BaEo] AATHCenters for
Disease Control, 1995; Goepfer and Chung, 1970; Pontelo
et al.,, 1998; Tilden et al., 1996). 18]1l Incze(1998)=

—_
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Table 3. Changesin microbial counts of Salami during storage at 10 and 25°C

plantarum#} Saphylococcus xylosus Z~E}E| S #7135 &
SamondlaZ 10° CFU/g 502 HE319S v 14U &
AEa A olely] AglmloA 58Y A 3 Salmondla
o] AEHA kil Bk uf Qo AR E AR
9] &4 I F E. coli O157:H7Z} L. monocytogenes’}
A7V 2Bl oJate] AFABE wrol 1 7} 543
e 71 2EtE 9] FRFol wet Zol7t
voba B vh lok(Lahti et al., 2000). L2}, B A
FolA oAe] AFEmaEC] AR ZEE oste] APE
HA=A datde FF F712Q1 g1 Aol JaF
RoZ e

£ AFoA g A8elA C. perfringensito] L]
Ao A7 T AEH o E AgAo] gjlE Fo] oy
A3 S aureuses YF- YEFoA= TSN AFl
Ae A e 5 d3E o] ERIE AL oy
Ak el Esial AR E SAR 544 olE
nAEEo] Y55 3ES ot Al dES U
e E=rhal AdEnh ey olelgk dEo] AAF Al
o 2 g} = F A7t 9= Ut strEis 2
F50| PAsk= A ofHB=E fueto| A} o] ‘5
o]l A Tl et HeElshe AL 7] A
Sl gk o=ellxe] 2 7] vt
SHo] dtkal AdE FHTIES N8E
T-H.

A

A2i0|el ME F o|8Ss Hst

Agin) A Fo) M) FH4E HZel 7.99 Log CFU/GO]
RO} 120 F 109 25°C A& AlmAA 42t 7.549)
3.89 Log CFU/go& =} 7ha3ko 2A] 10°Co|A L} 25°C
A © F43] Hdadke BEFS BtH(Table 3). o|=g

(Unit : Log CFU/qg)

Micro- Total Lactic Enterobac- Pseudomonas  Clostridium Yeast Saphylo-
org. aerobes acid bact. teriaceae spp. spp. & mold CoCCus spp.
0,
days C 10 25 10 25 10 25 10 25 10 25 10 25 10 25
1 7.99 7.99¢ 7.99% 7.99° <20 <20 <20 <20 <20 <20 <20 <20 613 6.13%

15 8.01* 6.86° 7.78° 7.04° <20 <20 <20 <20 <20 <20 <20 <20 560° 3.64°
30 8.08° 545° 8.08* 594° <20 <20 <20 <20 <20 <20 <20 <20 587 369"
45 7.83° 5119 7.87°¢ 5718% <20 <20 <20 <20 <20 <20 <20 <20 578" 305
60 7.67° 4757 7765 519 <20 <20 <20 <20 <20 <20 <20 <20 4.97° 304%
75 7990 4919 800 5119 <20 <20 <20 <20 <20 <20 <20 <20 4.98 3,02
90 7.72° 45209 782 45098 <20 <20 <20 <20 <20 <20 <20 <20 4.91°d9 27499
120 7.54° 389" 757° 4,05 <20 <20 <20 <20 <20 <20 <20 <20 4.8 2 5oefch

#h M eans with different superscripts in the same column represent significant difference at p<0.05.
YMeansin the same storage period underscored by a common line do not differ (p>0.05).
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78RS 52kt Saphylococcus spp ol E SAKSHAl
EbStTh &, bt 109 25°C A% AlselA HE
7.99Log CFU/gR oY 1209 ¥ Z+7b 7573 4.05Log
CFU/ge 2 73ttt 18]a1 Saphylococcus sppa+ 3
% 6.13Log CFU/goll A A& 717k0] a2 Yolx=
A% He] 10°C A|Zo)AE 1208 A4 F 4.80Log
CFUIg 52308 7+4389a1 25°C AAE AlZoME A
A 15 o|TRE F43] 7HAsk 120 Zoj= 2.50 Log
CFUlg 522 YolHt. I 9 Enterobacteriaceae,
Psudomonas spp., Clostridium spp.o} &% 2 F3o]59]
nAEES A A7 T 2Log CRU/g mIRke.Z A%
o] YA yEhdtt. wetA Aebr] AF F FEAS 2E
H=Z #H7l¥ Saphylococcus carnosuse} Lactobacillus
curvatusto] FEOE A2 it o2 FPHT

kA S carnosuse AR A% T ikt ©fste] A
A Asf B GUEHEY 1 T oA 2ol ofste
‘7o) A o ZA AA7I|3te] AAErE 108 25°C A
A AN BT O 2Pt AAad e ® FAE. 1w
I AlgEolX A% 7IXF 5 Enterobacteriaceae
TS AEHA It 22 B A4 olg @4
o] detv AlFS a3l 7103 AAA
T fAikrol ofste AJNAE st
7] Ashrte 71 2

=y
=

N
AlgE),

=]
=

T} 7
= 2gv

slako.

= O

>
I)
Ll
ol
2

= dejn) Almel &7 Faw

v g A= o Table 49} 23t
2] 107} 25°ColA 242} 1% 12047 #1734 4
2h] AlFl tiste] AR dTE A9 e A o=
o} 717t A#glo] 3.3-34% o2 A Wt $ll
THp>0.05). X 194 F8&, o 22 2 3|87 3}
2ko 7}7} 334, 311, 339 2 4.2%3t}. o]e|gt YurR
e AATE v E A 228} 7131e] zbe]
o frejaom WstEA] Ftae] &AR1H ATk (p>0.05).
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pH, TEEMT, TBA2 VBN 2t
107} 25°Cell #173E Aepw|o) pH, RS, At
s A5 2 TBAGT Td Fsl==A VBNgl tist

=

of 27k ZARBIAT. 2% 40] BUT Ao AdEd

[---@-- pH(10) A~ pH (25C) —e— @y (10C) —4— @y (257C)
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920 120

Fig. 2. Changesin pH and a, value of salami during storage
at 10 and 25°C.

Aol Aetn) AEe] pHe 4.793HFig. 2). Aehm) A
F¢] pH7F 5.0 oJstE HolA= Ae AFA| ZEFEE AL
e kel 7ol o3k Aotk (Hammes et al., 1990).
AR whg 279l 83 3kt 471 6-7 Log CFU/
g odd Agolle olHt} W f4rt EXE R w
23 FA3HA e pHol =23 4 ot gl o9}
o] golxl pHe AR S Fi1, 24 dd gl
AxE Fleke 95 7HA¢ 430 dEe ARk =
AFT Al FARAES] A4S JAAA AF A
AMHAE ST AES SHoH(Leistner, 1995).
pHE ©]¢} o] 107 25°Co] A% 2Eex A7 7|3t
o] AFEFE Zrlsle] 120¢50l= 22t 5.029) 5262
2 F7Vs e, 10°ColA T 25°CollA] pH o] T
FE AT GoRling 5(1982)% XFE4H Aglu]ojr 2]
2 A7 AAet AR pHEl F7F FAI7E o Folxltkar
Hugh v} lok, oo} e AEm] AlFe] i A7
7t F pHt 7Rk AL ikt 9 4 AL T
oFst tal ©hld Fafjof ogt 7] EAo FZof 71l

3t Ao g FawEch AxRgaAARA e 7oA pH
= 4852 AR, aga FEEE] 50% o517} A Al

ZEW gubF oz JoA fFo] 7hsstttal BalE
e 7ekslA(Pak et al., 1997), ¥ AEL 25°ColM =
5ol 7hsst Adule AlFez e

THEAE g2 A 71k T HE 091614 1208 *
10°C A)Z 4= 0.90, 18]3L 25°C A)FAE 0.887}HA]

Table 4. Sodium chloride content and approximate composition of salami after 1 and 120 days stored at 10 and 25°C

Storagetime Storagetemp.  Sodium chloride Approximate composition (%)
(day) (°C) (%) Water Crude protein Crude fat Ash
1 10 33 334 311 33.9 4.2
25 33 334 311 33.9 4.2
120 10 3.3 332 30.6 339 4.4
25 34 332 311 34.0 4.3
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A A8t FEIAE] 7hAE 10°Co| A BT}t 25°C
X o ZA Ldofstth. AH7IZe] AREFE RS
Tgkol wokehAl AR TS YERA AL Table 4004 Ut
Epdt ule} o] IAAE B3 7 FEFe] A AL
YEPA] 52 Aol HIFo] Aoy} whild 5 1§ 3t
49| AiAr 4l mE & Fx9] U 71908
Aow FZdr)

shd Aepr|e] A F TBA#T VBNgEe] Hsh= Fig.
37} o] Yehydth dutF o g AZLARE $A5Hs 7}
A 5 37H s, GAAIE A ARl 9t A
W b7 dds] dE A H(Gokalp, 1986; Dominguez
and Zumalacarregui, 1991). Aguirrezébal 5(2000)0 w2
A AR A Bz E]7te} vis FARshAR, 18
A AP AR Agehe AoRE AT TBAGLS
% 055mg MA/kgellA 102 25°C A 1200 & Z}
7} 2,677 2.95mg MA/KgS. 2 =718l = Aehu] A&
AN TBAZS AG7IZE 5 AEKHO R F7IRIeRA A
WA Fal7t TS Aol E rlefsival 2453
o2 o]Fojfrke As & F U AT B}
I Ansorena®} Astiasaran(2004)e] oAl YR v}
2o] 2B f9} dakstA|7l H7kE 2#Ql Chorizo de
Pamplona AZLEAAAE A Al 2714 ZHM=
AZZZARG IR AAikskEe] o] wokxlthar
B FHol vFeo] detn| o) WF3 7G-S L) ] 2k
ANA vEAT Ao FeET

3 VBNZES H % 4.67 mg%oll A 103} 25°Coll A 120
A3F A Al 247} 18.909 2954 mghE A|EF O F
Z¥elach. &K (1975)0) wEW SAE A VBNZES 30
mg% ol’de] 2 735 dld Eafol] o5k oF7t A=
k. Stk oleldt Ae 7elehd B Adeln zAb
Al R 25°ColA 12007 ARE AlRe) Aol
Tk o]H7} HAE 5 Qe I =S Aew 5

T
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Fig. 3. Changes in TBA and VBN value of salami during
storage at 10 and 25°C.
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Fig. 4. Changes in color of salami during storage at 10 and
25°C.
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Table 5. Changesin rheology characteristics of salami during storage at 10 and 25°C
Parameter Hardness Brittleness Elasticity Cohesiveness Gumminess Adhesiveness
(kg) (kg) (mm) (kg) (spcm)
0,

days C 10 25 10 25 10 25 10 25 10 25 10 25
1 179 17 13 13 84.0° 84.07 81.2* 81.2% 15* 15° 197 19.7°

15 1.6% 1.6° 1.2% 1.0° 838 79.7° 80.2®*  79.1° 15® 1.3° 187 18.3%

30 16° 1.4° 1.0° 0.8° 83.1% 794> 79.9%  79.0° 1.2 1.1° 187  16.7™

45 1.5 1.3 1.0¢ 0.8¢ g2.8%d 787 788"  76.1° 1.1« 1.0¢ 17.0*  15.3™

60 1.4° 1.2¢ 0.8% 0.7¢ 81.1%e  76.9% 77.6%° 750"  1.0% 0.9° 1579 147

75 1.3 1.2 0.8% 0.7 80.64  76.7% 76.6% 745% 0.9 0.8% 16.0%  14.7%%

90 13 1.1 0.7%9  0.6° 80.199 7469 76.0%9 72,79 09% 089 153% 127
120 13% 109 0.7%9  05% 80.0f e 73 49 753" 708" 099 o7" 14.7%%9 1131

&h Means with different small letter superscript in the same column represent significant difference at p<0.05.
YMeans in the same storage period underscored by a common line do not differ (p>0.05).

ek ol olikw 4gIgke] AgEss e
AEol ) At g Rafo] o)g 24 B W)
Ao} A% 5 FAo| siH o] 7|AF Ao F

ZsEE F3 Hs
Table 6% %‘F/‘r“] Age] 9ok o]x, dn B =7

} 734401‘:} 2 Ao AMEH A=

7]l Aldskar Z5st
ez ‘ﬂ:“ﬂ% UPE‘r‘—H?iEl —71:7—‘1@% 2t e 22}
haAEoZAe 545 S8 YeERlTH £
Aol ~EfEE F7Fe S carnosust-2 Micrococcaceae
3} Blasle] methyl butana, methyl ketones, B ethyl
esterse} -2 A RS0 AAEE] 7 Foha B

Table6. Sensory evaluation scores of salami during storage

at 10 and 25°C
Para ) 2 ) )
ppearance?  Off-odor Flavor Texture'
meter
°C
100 25 10 25 10 25 10 25
day
1 5.00%500° 500* 500° 500*° 500° 5.00*° 5.00°
15 4.60° 4.41° 455° 439" 450° 4.30° 4.45° 4.23°
30 391° 348 3.95° 366° 3.90° 3.62° 3.93° 3.54°
45 3.78% 2.75¢ 3.66° 3.07¢ 3.66° 2.86¢ 3.59° 2.70°
60 3.47° 2.38° 3.29° 2.76° 3.26° 2.48° 3.31° 2.41°
75 314" 2.18F 311 218 3.10% 2200 3.08% 2.18%
90 3.09'9 2,079 3.06 1.889 3.0992.10° 2.899 1.95%
120 291" 1.77" 285" 1.64" 291" 1.80" 2.78%" 1.75"

#h Means with different small letter superscript in the same col-
umn represent significant difference at p<0.05.

Y Means based on a5 - point scale (1, extremely undesirable; 5,
extremely desirable).

I Means based on a5 - point scale (1, abundant off-odor; 5, no
off-odor).

39Means in the same storage period underscored by a common
line do not differ (p>0.05).

1% v} dth(Berdagué et al., 1993; Montel et al., 1996).
a3y o]H3k Weshy FEL 109 25°C A AR
Al BT AR 73] AFESE WA Uk BES
B o] @42 10°ColX R} 25°CollA o AlskAl Y
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Nx AAFo] AAEE AHEFS Btk 25°C A% A5
73%- f2+t3 Saphylococcus spp.o] T HAaEHE
o Bt 473 59] vAES 24Log FEoIHNoH, Y
SEES, 53] 52 A =59 A9 T 2 T
o] 2] 4ttt YEfddA = S aureus’t, A F
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b AF] A, i, 2, 2 g SR ke 7}
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