Bhak#& 5 0654
S DR - W DS RS — B — U OlE TAR A O B R E

:

fivde PREES, AR wiER IR ke

VRS R S R PR, A ST R SN AR SR 2 —

B OE OLBEEN BB — T ORIl S QO D E I EREE R JO B R O TR S DR S B BT
EMRHBILTND, TSR IR O AFH, IR LB L OREOEBIMONOREE 5.2 5B 2 b, AFIET
L REHWTHREEY — 2 — U E L | 2O AL ODE T RGE TR P O REIZ 52 DI OV TR
FR R R Nt = RE O P B

2. iR ERBEAZ R . BIBTL . RE N ERENIA 4« 11230 #RELT-, ZOWMADE IR T, b
0.6%., 7 RHE 0.3%. 5k S 0.14%. IOHE 0.2%33 L OME 2.5% 2 M4 CEIRA LT, 708, IRl (W) EFEt
2—) RVT4 T FERIE B L O AV a2 LTz, A% —4—1X., Pediococcus pentosaceus 33O Staphylococcus
xylosus Z VN, ZHUHD I 30 mL 2745 P 500 g \ZANZ ., BRI A/ F 27 TRFHRL7Z (PP IR INX B LN SX EANX) .
728, PP L SX 4 15mL %, IRA W 500 g ICHSINL7=bDEIRA X EL ., BEIRORDVIZIE A FE R K 30 mL 230
LIzbDERIRIXE LT, b 4 FEEOREAE TN E DI AL, EEK 4 em O N T — 0 7\l | fHi e
AT C 21 H MRS, B Th OGO S E A @A, APy B SO RAELT,

3. PR R AT EEICH AT AR MR D BIHEIC G2 Zn, Mn, Cu, Fe 23RV E 7 ESHE T
VIR S, RAOYEEEYETYH Zn BRESIVZ, Fo. RUETELR AV EAED Ca BIZE NIV EBEOFI0OK 15
5. %9 0.08 5 THoT-, ZNHDOMA AW TRIEL -3/ — v — VO SWEARA LI-L A, 15y, pH. Aw., HERSEEAR
WEBET X R B, AMP B X OV IMP &, MM ER B IO B R LRI I3RS KD KR ETeiBE W T A D
o7z, LML, B T BN A Y FEAHRIZ I RVE T A CIE R I 5 S0 RO T o ARBE O HE N
DU LD BEE IS A DT, Fiz, BIEEO PP MK CIXEEL 21 HZICMOBEIZ I~ R R LA B I AD T,
SHIT, B OREENIFIEIC A REZIEWVITFRO LN - T, Bk 21 HROBEBEEFEL-LZA, HICKVE
EDBNPRBOLN, FELES O THT VTR, 7va—/VHE, 7R, =27 VB SO K EE O/ )
HipoTue,

1. ARBEM

) — ' — U ORGENRE AT — ey ST, REEY
—— VA RIE T RO TR CHEENTRIEIL T
Do AEIIIGER DAL T NI L Th DS, FRAEHIZED
TR D FERE R 7y DR 2D | I EOMES RS &
FILTVDIENLIREAER D LLN I WEL —H T
D, Tz, BEEY — v —T 0 BKITFRI OB A 51
R RN 72 ETH R D, EUITAZ—Z—IT WD
V. MERER 2 ORLARIC JV AE B SR b B AT 5280
5, BB AL DR T L — X — 22 0 JA R EE AR 1T K &<
ol EZbiID, Ll O DE S FEEEY —
YO RRIC G 2 DI OV TORZERNITIZEL AL
PRV, ASAFFETIE, BREE M B DM % VT3 —

T —UERL ., E DS - TEOEW DL O B T
O EIZ 258 BIc O TR TAZEE HINE
L7,

2. ARAE
2.1 # #

KU 7 WL, 7Ly (BR) OB A LT, AL, e~vT
YPE (WA AMR)), FANFETIT ¥/ 0 (BR)), H
E (WUJIAA) FE (At (BR) ), /¥ A& () FAR
EAST RS), 7 AUD (FxH2M) FE (FRFEH e A8
(BR)), AZVT (FVT)E(RR) > — T A A =T
V), RIETE (BR) HH0 DY) BIORNAYVE GREEH D
Tp A Y (BR) ) KOBE A LT, IR KREWS DITEE IV
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THREL T,
2.2 A &
2. 1.1 BOMKRE LRI

WOTARITN FBMER L8152 | I R A oy D
SIMHEIR I DIz ko ToT,

2.2 2 TRESNMOOREE)—t—VICHEATHRE
—B—BEDRY)—=2%

MR —— 17 FEAHAL, RRRGOH
M52 5 4 CREAEICEDAMEL, IR, E, RlRek, &
R NTUABIOZ A TRMEL 72824, BT 5 Ff
D TELO B DI H S 3v7=, Lactobacillus curvatus,
Pediococcus Pediococcus

acidilactici, pentosaceus,

Staphylococcus Staphylococcus  xylosus,
Debaryomyces hansenii Coo7c, T IVHAZ—HF—
Thololoth | KR TIIBRERKE ThHD Pediococcus
pentosaceus (PC-1 ¥k, Flora Carn) &7 —/N—4 KRG T
5% Staphylococcus xylosus (DD-34 £, Flora Carn) %1
L7z,
2.2. 3 HIEDER

HERIEHEA VR Vo GYP IRIEET U ZNE LD
% 3% WL, A% —42— O Pd. pentosaceus }35 " S.
xylosus % 10° cfu/ml SN, 25°C, 20 REEES 314 OWIRLS
MDD AL — 2 —OHFANED i o7z 2 FH O
WRVE T FERB IO AV RE) i8R LTz,
2.2 4 EBE/—t—DOHRAE

WHIEBEAZ MK (4°C) T 3 B [FIfRE%, Gl R
FWENENZ 4:1 12300, Fay =R urh— T8,
fatosa) Z IV CTENLEIUEA (4 mm A) ELT, ZOWHA
DOFERITKL T, b5 0.6%, 7 RUHE 0.3%, ik S(H—
1B 0.14%, WFE 0.2% FSLORLE 2.5%% N2 TER
AL, 7ok, HIZITRE () HFEErr 2 —) AT
AT PEEHRBIONAY SR LT, AZ—F—H
X\ Pd. pentosaceus 33ENS. xylosus Z I\, ZHLZE L3
L Z27C25°C, 72 Bl 0oL 155072k
WA Y AEBR A K C 300 ml IZEAR LTz, ZROD K
30 mL Z{RA A 500 g (ZHNZ, JRE A ST 27 TR
L7 (PPASIIX B LU SX AN , 7245, PP L SX 4% 15
mL % BE 500 g [ZRIML7=bDERAREL ., HiIKD
ROVITPHE B RIEK 30 mL ZRINL 72 0% 5t FRIX
LT, T 4 FEEHD BRI AL, IHASK) 4 cm
D NI/r—3 7 (TIPPER TIE, TIPPER Clip) [ZFEHE#%
fEIR ME{ZAF (KCL-2000A Y, HUATEYE) T 21 HERkS

carnosus,

B, BERSAIT Table 1 D& THS,

Table 1 Set up temperature (°C) and humidity (%)
on a drying machine during ripening

Days Temperature Humidity
1 20 95
2 20 93
3 20 91
4 20 88
5 20 86
6 18 83
7 18 80
8 17 75
21-28 17 75

2.2. 5 BEIMEERS DS

ABOMAIT, EX 1.5 mm [CATAALTZ3E . R
EIZXD 25 (SPECTRO PHOTO METER B AU (1)
VT, L* a*BROb*EME LT, HTT—1E Y,
HAYEEHR I Shinn O D, JBERE(LIZTF A S ey —
JUIE (TBA) 15 Y, D-, L-$LERIEEEFRIE Y ICR0IE LT,
IRIITEME (Aw) 13 30EHE 5 mm OFmdI0Ic L, K TE R
TELEE (Thermoconstanter swiss MADE novasina) % f VY
T, 25 CTHIE L, pHIZZRRK 105 RU7-lkk 2
REDF AR, TTAEHND pH A—4—THRITE LT,
2. 2.6 EXEABLUERED T

WERET X/ BRRLAR . AMP S K ONIMP SO AT 13 1 Iy
BOJFIE) 1LV ToT-, Fio, FERERS O, 77ar
IO NSAT I (BERE 3.0 cm, HS 6.7 ecm) (& IE
HelZ 2.5 ¢ B0, NEMEHEL LT 1% S /ma~FHF—L
2.0 uL 2L, WRICT ANF 22— 7353 — TR,
Carboxen/PDMS (75 um #7722 465) 2 W A A/ & LT
SPME 77 A /8 —%& AT )VRIZHE AL, ~yRAAN—2Z
DFEFMER Y% S0°CTIRFRAE LT, Wag LIz sk
A ZIEBIZ GC/MS T Icfi L7z, Weas LIz PERk
550> GCIMS SHTIIIEES D F71E D TIT -7, HFEMERK
Sy DFIELNIST v AART LT — 2 _— 28 Z T
1Tote, o, RAREIOFE L AR ORFERE %
KL TITo7,
2. 2.7 WEEEEROAIE

1 cm AORESITEIB LT3 2 27— BRIk
D7 — (HEE 40 mm) DHRIRDHIDICES,
To VU — M NS 5T i /AT AR O E )
DU RAE RO T, Tz HEIIEIEED 20%LLN
DOFEEE T 0.5 mm OXEEFE > THEH L, ve—RFE/Lix
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0 H B DOEEIL2kef, 9 &21 H B OEE1320 kgf 21#
L. 7V 7E3RIE 15, 7 — X B0IABDREAIE T 1%
0.01 sec &L7z, #WIHABEMESR (B) xRz ko TR 7=,

E (Pa) = [JES(mm) X fHX]/ mifs
2. 2. 8 SDS-PAGE 7#3#7

AHEIL 7250k 0.4 g ZFEFEL, 7.5 mL D 8 M JR#E-2%
SDS-2% 2-AV A7 N )—/L-2mM Tris-HCl (pH 7.5)
TRz %, 100°C T 2 ZrMhnEd% | =ik T 24 IRefjfii#e
SHTRROEEFRLTZ, 24 FEfET%, 10,000 g T 20 43z O
SHEH O BIEEREIN LT, 554072 BiE% Laemli 0 71k
MZHEL T 10%RU T ZUN T IR % L FFHAL LT SDS-
PAGE %17\, CBB-RICIV YAt 10% AX /) —/1-10%
WERR VI T L D RSB D ETHAL,
2. 2.9 BEHOBIELAZDEN

ABIOEHUL GYP Al RIE MY 7 A IRk A
0.1 mL FHEEBHKL, 25CT 72 HpfEE#%ICHHILT,
HOREIXEEICHEL T Tolz, T7bb, £ 7L —Rp
OREWRan=—% 5 an=—S28fL, ZhZhoan
=—7»5 DNA ZfhH, 16S VAR —2 RNA i#{51- (59
1,500 bp) @ SIS HA 500 bp 2V —~ /LA 7T —
o THEIRL . 2 DM ERSN 2R ER, T —F——
ALBAEL Can=—0DRIEE{ToT=, 72720, BERED
ElX 28 UAY — A RNA BIEFAEIRL ., ERLEFERD S
ETCREL,

3. ARHER

3. 1 BOMRKRE IV DOHE
WO MR E Fig. 1 & Table 2 (22N ZHRT,
BHUISLH RIS TR ESDHY 320~440 pm

) (b} .

# "

-
e & -

b Sk A
A . e

Tholr, ZIUCKU CRIE T RS I3 AR G 230 72
DREL, KREEITH 20~640 um THHH, AV PEHE
13569 30~240 um EARVE T FEIZ LA~ THOAR I 10>
770 #LEETIXAYEIX Zn, Mn, Cu, Fe 236 I 720 23,
RIETEEE TIIZENOLRIMER S, ROV ESE
1% Mn, Cu, Fe [ZfR H &2 o7z, Fio, BIED Ca &iT
RUIETEEAEBOTINOR 0.6 5, RAYEAEOZND
13 fE Tl

Table 2 Minerals in three kinds of salts (mg/100 g)

Common salt BRS GRS

Ca 11.4 176.0 0.9

Mg 11.1 29.9 0.9

K 74.5 157.7 113.2

Zn ND 0.05 0.004

Mn ND 0.021 ND

Cu ND 0.022 ND

Fe ND 0.022 ND

BRS: Bolivian rock salt, GRS: German rock salt.
ND: not detected.

3.2 XB/)—t—TCRABRPOE LERDBLUEK
A DZEL

AL DR — 2 —Y DDA Fig. 2 13RT,
HHIZRT Lx (ZRME-SCNAY R CIIRERIKT
ALV, ARV T FEAHE CIXEAL H O B 72K
TRALIIC, £, IRMAERT a* (TRRHFITHEINT %
AEL —ETIXADNDD, RUE T FEEHE CIER T
DOEINDBFHHH, EIZPP IR SR A K TRENIEN
B0l IHIT, HEKERT b* [N T IO THR
FRHIAR T4 205, RUE T EEBLORAY FEEH D S5 )
LG I KRR T BB,

Fig. 1 Optical micrographs of three kinds of salts.
(a): Common salt, (b): Bolivian rock salt, (c): German rock salt.

-207 -



Ripening time (days)

Fig.2 Changes in L*, a* and b* of various fermented sausages during ripening.

(a), (d), (g): Common salt.
(b), (e), (h): Bolivian rock salt.
(¢), (), (1): German rock salt.

(@), (b), (¢): L*
(d), (e), (f): a*
(2), (h), (i): b*

—@—:Control, —A—:PP, —M—:SX, —&—: MIX.

Control: A fermented sausage prepared without bacteria.

PP: A fermented sausage prepared with Pediococcus pentosaceus.

SX: A fermented sausage prepared with Staphylococcus xylosus.

MIX: A fermented sausage prepared with Pd. Pentosaceus and S. xylosus.

BRE T DOFERE — Y — VD4 HINBIE B LY Aw
DA% Fig. 3 1R, W ALOFRENCHREEF OS5y
N, HASEERE Aw OB R BB, HOEWCHEIR
MOFETIXZNDD TR EIRE NI A DILD >
7o Flos WTNOREHTH R 21 B &I T AEIEIR
5ppm LA R, Aw 28 0.87 A3 12K F LTV,

Bk OREE — b — U OWERET I R E . AMP &
BXOIMP BEDOZE{L% Fig. 4 (39, W ek ol
BT B BT R TSN 2%, Ak 9 HETO
HWANIWF O TH PP IRINIX TRED) o7z, AMP &
IR P O RER B EADIT K 21 BZIZWTh
DOREICHEE D Th o7z, Fo, IMP &IFRBH DI T
FEEAWITIETORRRDD, Bk 21 H&ITWThoi
BHCHIEIZD DL THED ThoT,

B OFREE —tE—2 D D-BLO L-ABOZEbE
Fig. 5 (TR" 9, D-FABOY G WT IO THRRH D

RE72HENINE PP HMX SIRA K TALIL, RFHRIXE SX
I CILRR F DR AL LA DL o T2,
F72, L-ABRE B DL HIZhH Db L5 TN oRE T
B OB A BTz, Lizid> T, |Izombbh g
PP iSINX SIRA K CIXILEE O A R BN LN ED 5>
77

BRL D ¥R —— D pH & TBA fED %1k #4 Fig.
6 (a), (b), ()T/RT, pH DG, W NORENCTH Bk
HIIR TR BRLNLD, DMK FOEA NI PP UK E
BAROFRFRX R SX XKLV KED -T2, 2D
BI51T Fig. 5 OB O A B LS L Tz,

kR OREE — v — P ONEE L% Fig. 6(d), (e),
OITTRT, WTHOFREHTH AR HIZ TBA fEIXHE T
L0, PP IINX TREL, EIZRHEED PP IINX.D TBA
EDOIMIEE DL TR THEE THY, 7] &R AE
(0.5) Z1IAMITHEZ TN,
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Salt content (g/100g)

Nitrite (ppm)

Ripening time (days)

Fig.3 Changes in salt content, nitrite and water activity (Aw) of the fermented sausages during ripening.

(a), (d), (g): Common salt. (a), (b), (c): Salt content.
(b), (e), (h): Bolivian rock salt. (d), (e), (f): Nitrite
(c), (), (i): German rock salt. (g), (h), (1): Aw

—@ —:Control, —A—:PP, —H—:SX, —&—: MIX.
See Fig. 2 for Control, PP, SX and MIX.

Free amino acid content
(mg/100g)

AMP content
(mg/100g)

IMP content
(mg/100g)

Ripening time (days)

Fig. 4 Changes in free amino acid, AMP and IMP contents of the fermented sausages during ripening.

(a), (d), (g): Common salt. (a), (b), (c): Free amino acid content.
(b), (e), (h): Bolivian rock salt. (d), (e), (f): AMP content.
(c), (), (1): German rock salt. (g), (h), (1): IMP content.

—@—:Control, —A—:PP, —H—:SX, —¢—: MIX.
See Fig. 2 for Control, PP, SX and MIX.
AMP: adenosine-5'-monophosphate, IMP: inosine-5'-monophosphate.
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D-lactic acid content
(g/100g)

L-lactic acid content

Ripening time (days)

Fig. 5 Changes in D- and L-lactic acid contents of the fermented sausages during ripening.

(a), (d): Common salt.
(b), (e): Bolivian rock salt.
(¢), (f): German rock salt.

(a), (b), (c): D-lactic acid content.
(d), (e), (f): L-lactic acid content.

—@—:Control, —A—:PP, —M—:SX, —&—: MIX.
See Fig. 2 for Control, PP, SX and MIX.

TBA (538nm)

Ripening time (days)

Fig. 6 Changes in pH and TBA in the fermented sausages during ripening.

(a), (d): Common salt.
(b), (e): Bolivian rock salt.
(¢), (f): German rock salt.

(a), (b), (¢): pH.
(d), (e), (N): TBA.

—@—:Control, —A—:PP, —M—:SX, —&—: MIX.
See Fig. 2 for Control, PP, SX and MIX.

3.3 BVt AP OMEEERLS IV
VERSHEBRDZEL

FEE — & — VR PRI SR D 28 A Table 3 1C
Y, WINOHE THREK 9 B % ETIIgImsE =Rz
RELRBEACNZHDIIRNDY, ZARK 21 B IR E2EEN
MHBIL, EIZPPIRINX LR IT A IR IX S SXIRINIX
(ZHEATREZRIENINN A BT,

BB — Y — VIR DS R RS DB

Fig. 7 1TRT, WT OB CHIEIZD LT R T
DB TGRS AL BB 5703 LIRS
HEITLT2 PP SN SIRA K ORECIIW T o Th
A EBEST VT OYRATREDFE MR TRT /T
FOBIR B DN R B BT,
3. 4 RBEV—t—CBERPOEHOEIL

FWg — 2 — VR O DA E Fig. 8 1T,
Btz H5E, BRRFEE OBEIT IS SR RKIFFEC) e
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N, SX WRINXIE 9 BAZIC—EEHINL, 21 BRIZIKT  AVETEEEEN Y FERE TIX PP MK SRA KD
THMEBARENZAN, PP IR LIRS R TIEBEH o Bh o T BENRTE B A 1T RO S AR
T RAbNZ, — . BHFIMK CIE XS SX Ik WTIERL T, WPoEChEk 21 B OH
TN DR DZEAL IR0 E 705 LISMIFREIL TR0, BT 107 cfu/g L~V ThH-T-,

Table 3 Changes in elasticity (Pa) of the fermented sausages during ripening

Ripening time (days) Control PP SX MIX
0 2.940.5 2.2+0.4 2.7+0.6 2.4+0.3
Common salt 9 3.4+1.4 2.1£0.2 4.9+1.3 4.1£1.1
21 1124.2485.0 8509.5+963.7 1538.4+366.4 7143.0£763.5
0 2.240.2 2.3+1.0 2.1+0.4 3.0+0.6
BRS 9 8.6+1.6 11.1£2.6 8.242.3 13.0+2.7
21 775.9£73.6 10556.0+3864.0 804.3+396.0 7579.8+3031.6
0 2.240.2 4.6+0.8 2.6+0.5 3.8+0.6
GRS 9 8.6+1.5 13.0+3.2 4.2+1.5 9.3+3.2
21 887.3+197.4 9603.6+108.3 1038.2+121.8 7927.3£231.9

Refer to the captions of Table 2 and Fig.2 for details. Values are means + SD from 3 different experiments.

(a)
Control PP SX MIX
| e B N o B - FIEmy Ll = N o N S B o Ramnl N e p—

MHC—pwer spar qpugewe - Sqeredrar 9 gy

- s’ i -

A.'—g——-—q".-q — gy = v PN P PN G ———

MfO 921MFfO 921 MFO 921 MF 0 9 21
Ripening time (days)

(b) (©)
H(io:ll}'(ll PP §X MIX Control PP SX MIX
PP PP ] S e P iy ey P T R ey e g TN PR T ] e ey e ey e sy )
Wc_hwnnwf:_”"*' T BN g P P g | Py B Y ¢
- ¢ L L4 4 b’ L4k 4 o d

B e e w— — . . - il S ey -

— - - -

Mf 0 921.Mf0 921MF O 9 21MF 0O 921 MEO 9 21Mf 0O 9 21 MfO 9 21 Mf0 9 21
Ripening time (days)

Fig. 7 Changes in SDS-PAGE patterns of solubilized protein from the fermented sausages during ripening.

The fermented sausages (each 0.4 g) made soluble with 2% SDS-8M Urea-2% mercaptethanol-20 mM Tris-HCI (pH 8.0) at 100°C for 2
min, followed by stirring at room temperature for 24 h.

The identical aliquots (each 5 pl) of the solublized protein were applied to SDS-PAGE using 10% polyacrylamide gels and stained by
Coomassie Brilliant Blue R.

The positions of myosin heavy chain (MHC) and actin (A) are indicated on the left side.

(a): Common salt, (b): Bolivian rock salt, (c): German rock salt.
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Fig. 8 Changes in total bacterial counts of the fermented sausages during ripening.
(a): Common salt, (b): Bolivian rock salt, (c): German rock salt.

4. & B

KM CIXZ DR AR —— VR iEIh TRY,

PEHIZ ZO RN, M, FEkt, REEREMSCIRE, 1§
WL L UORS —F— 7R E PRI 52 LB
TUD, 10 ARFFETIEE D CHOEWITHEIRL .
DAL O MBI E-Z DB OV THRFILIZ, £k
B, AE TinsctUM/Fz@;'%focéfﬁ LT
%)%FkLI*I“C IHE 57, pH. Aw, HRAEERIR  WEEET X 18
B, AMP g-;jboto IMP &, #IHIME R OV 3
ETEJZ’\%HEJZ IIRERBEWVNIALNRD T2, L, B
(IS E DB BB, EITRYE T A R TIER
FCHIZ A 2 S R0 AR DR TR AR R O HE N A LI HE LD
HEAF AL, RO IIAKIENES L 7 DR
Frae U RBEFRLTERY, BEFIOERCEIVIA 7 ve
YONLEER= A EEND D ZENMBN TN,
— 77, Wakamatsu et al.'">'™> |3/L< ORI HE S
ZabRL 7 VX (ZPP) IZEER 452 L RGBT
Fe T2 Zn WEFNTWDHIEZHRLE TS, ARBFFET
AR R SIS TS T2 ZPP DAERIFBLES N
BN, FREAFEIZIT Fe A Zn V& ENDNICHONTIEIAR
BChD, T2, IBERRILICBWO THHRICEAEN R LS
AL, BHEOD PP IRANX TR 21 A2 TBA DR
ANRHLNT, TREOBRLIZITN, BBF, HE, ~Ab
B, Ky BERE T EEZIT L0, BJEAA B
(7 = B8%) DR E AL Z ST 52 &N b T
%, HiRFEEE — & — IS A B B DT LD
RSN D7 = g B I L 7 5 AT RENE
NoHERDND, Bk 21 BROEEEZTHELIZLZA,

AL — B2 —TE % R o TR CIT R w8 3 RE<IRRD,

B OX X TIIMOE DO F L Enterobacter
aerogenes, Klebsiella pneumoniae O 973 K5 B #ES°

Micrococcus luteus bR HIIL TV 5 (Table 4,5 B5L0%6),
FHENE O CRARHZENLRRL 21 BB OWERET
IR B R A LT, EOREH, W8T
FEER CIIIEOFEEI A ) OB IR IR XY PP IRINIX, SX
FIEBIONRARIZEARTT X =003 %<, PP #0
X CHxHRX, SX X B L NES KIZHE AT 43
VEERINEL, T al NI o T (Table 7)), £72, R
B CIIEOEEIC IV 7 VT e RE, 7TLva— Vi,
MAH, AT VB X ORACKFEFOMR D 5T
V7= (Table 8), REEELOBEITL /=B D PP IRIIX.T
1% 1-~FF—1 19 K2 1-penten-3-ol 'O LD EE DB,

(BT 2R B O FRE DS 2 < HH S 472, Marco
et al"D 1THEE) — 1 — VB R OB LR
BLOVEREFHINC K IF 3 MRS e O RS R R O 52 2848
EL., JEERR LI TR 2N 72 308N b~ F A R
ZWINUTZERE D AT 228, IR 2 N % 72
REFCIET IV BR D 3 o IR KAL) D FEEEIZ L AU T
BRI EOL L TRHRIBSNDZEZ2HRE L TND,
A CIL AR AR IR E AR IR DR A W E L TR0,
HAH R PR IE DFEWVI AR THLN, FERKD
BERKIZIIAEM DR BENE 2 LNDT-80 ., 514 iﬁ&i%
B EER T EOBROFREL VL bbb,

Ak 21 AT PP BINXEIRA XS HRIX S SX
WINE DG PP SRN m W2 EMBZE NN O FRE
DY D Azan YetaZAT-7203, HOFERAIZ LD B e/ i&
W R e o7z GE R RET) . 5% I1TEAR
B BMEEIC LA U EORAED ML g,

LU EOFERLD | O DE N T FREE — — U
RO G, TR LB IO B E 52 52
ENIoT,
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Table 4 Microbial flora of the fermented sausage prepared with Common salt after ripening for 21 days

Control PP SX

MIX

Enterobacter aerogenes Staphylococcus xylosus

Klebsiella pneumoniae Staphylococcus carnosus
Micrococcus luteus Pediococcus pentosaceus 1‘1><107cfu/g
Staphylococcus equorum Pediococcus pentosaceus

Staphylococcus carnosus 1.0><1060fu/g

Staphylococcus xylosus

4.8x10°cfu/g

Pediococcus pentosaceus

TVC: 9.5x10°cfu/g

TVC: 5.0x10 cfu/g

TVC: 1.3x10 cfu/g

TVC:

2.7x10 cfu/g
3.2X107cfu/g

TVC: Total viable counts. See Fig.2 for Control, PP, SX and MIX.

Table 5 Microbial flora of the fermented sausage prepared with Bolivian rock salt after ripening for 21 days.

Control PP SX

Mix

Lactobacillus plantarum Staphylococcus xylosus
Staphylococcus carnosus 1.1><107cfu/g
Staphylococcus xylosus Pediococcus pentosaceus
Pediococcus pentosaceus
1.0x10°cfu/g

TVC: 1.2x10 cfu/g

Staphylococcus vitulus

TVC: 8.8x10°cfu/g TVC: 2.1x10 cfu/g

Staphylococcus xylosus

Staphylococcus carnosus

4.1x10°cfu/g
Pediococcus pentosaceus

TVC:

1.7x10cfu/g
1.7x10 cfu/g

TVC: Total viable counts. See Fig.2 for Control, PP, SX and MIX.

Table 6 Microbial flora of the fermented sausage prepared with German rock salt after ripening for 21 days

Control PP SX

Mix

Staphylococcus xylosus

Staphylococcus xylosus

Staphylococcus carnosus

Lactobacillus plantarum

Staphylococcus carnosus

Pediococcus pentosaceus

Pediococcus pentosaceus 1.3x1 07Cfu/g

1.1x10°cfu/g

TVC: 3.5¢10 cfu/g TVC: 5.6x10cfu/g

TVC: 1.4x10 cfu/g

5.1x10°cfw/g

Pediococcus pentosaceus

1.6x10 cfu/g

TVC: 2.1x10 cf/g

TVC: Total viable counts. See Fig.2 for Control, PP, SX and MIX.

Table 7 Comparison of free amino acid composition of the fermented sausages prepared with Common salt, Bolivian rock salt
and German rock salt after ripening for 21 days

(mg/100g)

Common salt Bolivian rock salt German rock salt
Control PP SX Mix Control PP SX Mix Control PP SX Mix
Taurine 233.0 199.1 187.6 190.5 226.0 210.7 205.6 185.0 194.4 188.8 191.9 158.7
Aspartic acid 3.1 29.7 31.8 13.1 25.1 29.2 222 26.2 36.5 46.9 37.5 38.2
Threonine 43.8 51.4 44.4 37.8 572 53.0 47.6 48.1 50.6 47.2 44.0 422
Serine 16.0 46.7 483 31.7 57.5 49.5 48.7 44.1 51.9 43.9 44.5 38.1
Asparagine ND 322 24.1 25.0 24.8 38.6 30.0 38.7 21.7 352 27.4 33.1
Glutamic acid 159.1 229.0 127.5 169.4 137.3 212.8 182.0 193.1 131.3 218.1 171.8 174.4
Glutamin 3.5 6.7 53.2 6.5 68.6 36.7 49.8 39.7 38.8 21.8 28.0 9.7
Glycine 49.1 63.6 49.8 40.0 78.5 84.1 60.5 72.9 72.3 75.2 55.1 63.2
Alanine 154.6 151.8 142.3 107.7 148.8 126.8 133.4 132.6 145.5 118.5 128.7 120.6
Citrulline ND ND ND ND 5.6 ND 8.6 ND ND ND ND ND
Valine 59.6 63.6 56.1 76.1 62.0 65.4 65.3 71.1 45.0 57.2 59.8 59.9
Cystine ND ND ND ND 3.2 1.2 2.9 52 1.2 0.8 1.1 5.6
Methionine 26.6 33.6 28.6 333 29.5 36.6 30.5 36.2 28.6 324 31.3 30.2
Isoleucine 75.6 383 34.0 31.6 43.0 42.6 39.5 41.0 394 37.5 359 35.1
Leucine 75.6 98.8 75.5 80.3 88.3 109.4 92.9 105.7 80.0 95.6 83.3 89.9
Tyrosine 25.8 55.3 354 36.3 22.1 35.1 37.5 352 20.2 30.2 34.1 29.9
Phenylalanine 44.4 15.6 45.9 52.2 46.0 59.5 53.4 58.0 41.1 52.4 48.5 49.7
Tryptophan 6.4 7.7 8.8 7.8 8.2 7.2 8.2 8.3 8.4 9.0 2.3 8.6
Orinithine 20.6 55.5 124 39.8 12.3 65.4 34.5 58.1 10.8 58.5 30.9 50.0
Lysine 61.8 106.1 107.9 126.6 88.3 130.8 122.2 128.9 83.4 121.1 114.8 115.1
Histidine 30.6 31.6 329 31.6 37.2 33.9 38.4 33.7 34.9 30.8 359 29.8
Anserine 26.5 35.8 21.3 32.8 329 30.6 39.2 28.5 31.2 27.0 36.7 254
Arginine 21.6 1.6 31.0 1.6 29.9 3.7 5.1 35 25.4 1.1 2.4 ND
Hydroxyproline 0.6 0.5 ND ND 1.9 1.5 1.8 1.9 ND ND ND ND
Proline 47.0 26.3 45.4 30.6 53.1 20.6 4.5 35.0 47.2 17.6 39.7 29.2
Total 1185.0 1380.5 1244.3 1202.6 1387.3 1484.9 1404.3 1430.7 1239.8 1366.8 1285.6 1236.6

See Fig.2 for Control, PP, SX and MIX. ND: not detected.
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Table 8 Comparison of volatile compounds of the fermented sausages prepared with Common salt, Bolivian rock salt and

German rock salt after ripening for 21 days

Common salt Bolivian rock salt German rock salt
Control PP SX Mix Control PP SX Mix Control PP SX Mix
Acids
Acetic 0.0969 0.0411 0.2080 0.0743 0.1166 0.0791 0.3394 0.2351 0.0660 0.1258 0.1703 0.1571
Propanoic ND ND 0.0057 ND 0.0082 0.0153 0.0333 0.0508 ND ND ND ND
Isobutyric acid 0.0145 0.3420 0.0100 0.0053 0.0247 0.0261 0.0139 0.0863 0.0025 0.0292 0.0175 0.0169
Isovaleric acid 0.1254 0.0281 0.1838 0.0189 0.1214 0.0511 0.4307 0.3279 0.0366 0.0468 0.0953 0.0767
2-methyl-butanoic 0.0290 ND 0.0317 0.0031 0.0264 0.0094 0.7405 0.0510 0.0077 0.0083 0.0195 0.0100
Hexanoic 0.0287 0.0162 0.0358 0.0073 0.0048 0.0109 0.0178 0.0197 0.0045 0.0115 0.0259 0.0177
Octanoic 0.0057 0.0036 0.0117 0.0024 0.0005 ND 0.0025 0.0029 0.0010 0.0020 0.0074 0.0058
Aldehydes
Isovaleraldehyde ND 0.0057 ND 0.0028 0.0677 0.0179 0.2765 ND 0.0065 0.0190 0.0362 0.0148
Valeraldehyde 0.0065 0.0673 0.0095 0.0159 ND 0.0147 ND ND ND ND 0.0119 0.0107
1-Hexanal 0.2223 0.7178 0.1163 0.1159 0.0279 0.0973 0.0715 0.0718 0.0428 0.0815 0.0791 0.0339
1-Heptanal ND 0.0893 ND ND ND ND ND ND ND ND ND 0.0206
Benzaldehyde 0.0047 ND 0.0046 0.0021 0.0019 0.0034 0.0071 0.0037 ND ND 0.0053 ND
1-Octanal 0.0167 0.0226 ND 0.0061 ND 0.0055 ND ND 0.0025 ND ND 0.0088
Phenylacetaldehyde ND 0.0022 ND ND ND ND ND ND ND ND 0.0024 ND
1-Nonanal 0.0425 0.0202 0.0273 0.0108 0.0010 0.0030 0.0046 0.0054 0.0033 0.0018 0.0204 0.0149
Alcohols
Ethanol 0.1513 0.3420 0.4379 0.1282 0.4824 0.4098 0.5829 0.5672 0.1526 1.2308 0.1133 2.6070
1-Butanol 0.0109 0.0527 0.0218 0.0207 0.0593 0.0355 ND 0.0202 0.0444 0.0243 0.0999 0.0235
1-Penten-3-ol ND 0.0149 ND ND ND 0.0042 ND ND ND ND ND ND
Isoamyl alcohol ND ND ND 0.0014 ND 0.0443 0.0558 0.0598 ND 0.0429 ND 0.0305
2,3-Butanediol 0.4580 0.2444 1.0685 0.1684 0.7453 0.3806 1.5442 1.4400 0.6132 0.3507 1.2798 0.6710
2-Propanol ND 0.0487 ND 0.0312 ND 0.1130 ND 0.0579 ND 0.1315 ND ND
1-Hexanol ND 0.1026 ND ND ND ND ND ND ND ND ND ND
2-Ethyl-1-hexanol 0.0137 0.0109 0.0226 0.0031 0.0035 0.0050 0.0109 0.0108 0.0370 0.0480 0.0126 0.0630
1-Octanol 0.0043 0.3420 ND 0.0017 ND ND ND ND ND ND ND ND
2-Phenylethanol ND 0.0012 0.0013 0.0004 0.0020 ND 0.0013 0.0016 ND 0.0006 0.0011 0.0017
Ketons
Methyl propyl ketone 0.0257 0.0080 0.0261 0.0164 ND ND ND ND 0.0068 0.0165 0.0720 ND
3-Hydroxy-2-butanone (Acetoin) 0.4389 0.3877 0.6825 0.5080 0.1670 1.4125 2.4621 3.8080 0.2628 1.3708 0.7071 2.1144
Methyl phenyl ketone 0.0012 0.3420 ND 0.0003 ND ND ND ND ND ND ND ND
Methyl heptyl ketone ND 0.0116 ND ND ND ND ND ND 0.0043 0.0019 ND 0.0052
Esters
Ethyl acetate 0.0353 0.0777 0.1002 0.0319 0.1154 0.0683 0.2083 0.1072 0.0605 0.1376 0.1507 0.0983
Ethyl isobutyrate ND ND ND ND 0.0040 0.0030 ND ND 0.0019 0.0041 0.0046 ND
Ethyl isovalerate 0.0353 ND 0.0343 ND 0.0226 0.0064 0.0872 0.0421 0.0073 0.0072 0.0162 0.0041
Ethyl caproate 0.0060 0.3420 0.0062 ND 0.0010 0.0023 0.0051 0.0034 0.0016 0.0031 0.0034 0.0061
Ethyl octanoate 0.0023 0.0009 0.0044 0.0006 ND ND 0.0016 0.0009 0.0005 0.0007 0.0021 0.0015
Ethyl decanoate ND ND 0.0014 0.0006 ND 0.0008 0.0012 0.0011 0.0004 ND 0.0014 0.0004
Hydrocarbones
Pentane ND 0.0654 ND ND 0.0629 0.0929 0.0730 0.0736 0.0219 0.1239 0.0548 0.3803
P -xylene 0.0105 0.0257 0.0228 0.0056 0.0076 0.0148 0.0241 0.0273 0.0051 0.0165 0.0174 0.0202
Nitrogen-containing compounds
2,5-dimethyl-pyrazine ND ND 0.0245 ND ND ND 0.0177 ND ND ND 0.0174 ND
Phenols
Phenol ND ND 0.0067 ND ND 0.0025 ND 0.0044 ND 0.0025 ND ND

A 2.5g of each specimen and 2.0pL of 1% cyclohexanol were put into Teflon vials (¢3.0cmxh 6.7cm). After sealing, the vials was vibrated with test tube mixer for 30s.

A Solid Phase Micro Extraction (SPME) fiber (75um carboxen/PDMS) was inserted into the vial so that volatile compounds were absorbed on the fiber at 50 °C for 60 min.
After absorption, the SPME fiber was injected into a gas chromatograph. GC/MS analysis was carried out under the following conditions: gas chromatograph, Hewlett

Packard 6890 type; mass spectrometry detector: Hewlett Packard column, PTA-5 (length, 30m; I.D., 0.32mm; filmthickness, 1.5 um); column temperature, 40 °C (2 min)
- 250 oC (23 min); carrier gas, He; injection port temperature: 250 °C; injection method, split less (flow rate, 1.5 mL/min); heating rate, 10 °C/min; ion-trap manifold

temperature, 230 °C; electron impact ionization voltage, 70eV. Peak concentration: the values represent the ratios of the peak concentration in the fermented sausage to
that the internal standard (cyclohexanol). See Fig.2 for Control, PP, SX and MIX. ND: not detected.
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Summary

The purpose of this study was to evaluate difference in quality among various kinds of fermented sausages
prepared with three different kinds of salts i.e. Common salt, Bolivian rock salt and German rock and starter
cultures (Pediococcus pentosaceus (PP), Staphylococcus xylosus (SX), PP+SX). The sample without using
bacterial culture was used as a control. There were no clear differences in physicochemical and taste properties
such as pH and aw values, contents of salt, nitrite, free amino acid, adenosine-5'-monophosphate (AMP) and
inosine-5'-monophosphate (IMP) during ripening among the samples. However, addition of 2.5% Bolivian rock
salt induced color fluctuation such as decrease in lightness (L*) and yellowness (b*) and increase in redness (a*) of
the fermented sausages during ripening. Lipid oxidation during ripening was greater in PP with common salt than

in the other samples. Microbial flora and volatile components varied among the samples after ripening for 21 days.
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