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ABSTRACT

The microbiological and physicochemical properties of irradiated (2 kGy) or non-irradiated fermented meats processed
with or without a commercial starter culture were evaluated during fermentation and aging. The pH of irradiated (2 kGy)
fermented meats with starter cultures dramatically decreased during fermentation and aging (p<0.05), and the final pH was
4.25. The total aerobic counts and lactic acid bacteria counts reflected the addition of the starter culture. As the fermentation
progressed, the total aerobic counts closely paralleled the lactic acid bacteria counts. The TBARS values of irradiated fer-
mented meats increased regardless of the treatment during fermentation and aging. These results show that the irradiated
(electron-beam) meat/fat resulted in the reduction of the total microbes and survives lactic acid bacteria. The use of starter
cultures in meat batters post-irradiation may be useful for the production of fermented meats.
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9 gal vIYES AR BHe
2 3 starter culture®] H7PHol o] Theket AlFe]
A AFElo A 51 ThH(Bacus and Brown, 1981). Starter® 2%

/‘é A717te] @& o

ol HAEE F waARY F dojue UFRY F23
Wslo)| 71sls RFL e pH(4.6-5.9)0] T=28HA 3
t}. o] wolxl pH & HESAF S Fil, iﬂﬁ‘ﬂa‘

o, Ax2 208k A9E A9 s34 Zele AT
gfﬁwﬁ Z A0 Raju| g Ee] 44 AAAA AF X%
2 QH e Z7M71E IS F(Leistner, 1995). 31
ok QW £47IRRe AR ABA BE SAFO] ARA
oA 2z AaElolE AEEE o83ty AlxE SA
Eut o BEENE #5E9 548 Zevha g
THSamelis ef al., 1998). ZBAakrol] g TEWHO ==
A nZAn Fgaes Yo BRE £ gled v
212 2124°Col| A 6-24A17F5%E pH 4.6-5.174A] AT
= A2 "Wﬂ‘ﬂd% =z et 9 whEd] |3l
24°C ©] oP°ﬂ*1 I 7FEQ HEAIA pH 5.2-5.6 AEE W
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27 =7 WeE Aol EAoltHLee, 1990). $-Eluketel
e 2, A, 8 5 FE FF, oKF, FAER
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Ao} WEAZT AT o7 AMEs] & W a7l o
3t 3160 BEAELS e Ao (Park er al., 1995).

=
g SAEo} Ve AEAEFS A4t T2 Alxske 3
Aol A Ads) BYA FE AS #dgoly FriA
#HA) ol9} e whg Z7]e| R w4
AstaL Zabpty 22 v vd=TE

AR HAM AP 0] 289 4 UtK(Smith
and Palumbo, 1983). At 40 A7+ A 7]7(FAO/IAEA/
WHO)®] FE2 2AbE AF9] el A3 Al ¢
3 10 kGy o|3ke] AL HEE 5484, nAdEsH,
oJoFslA o2 obdsitiar FQlE o] WA 409375l F
2 U EE o] WA Ayt HE&EHI AL 287
oA WA A" 2Fo] fF Foll der 1878l
& 25 ol4te] Kol HARALE 383k UTHFAO,
WHO, 1988; Murano, 1995). P]= FDA(1997)1X4& 24
S04 WAS(fresh meat)?] 735 4.5 kGy, W5 (frozen
meat)?] A% 7.5 kGy7HA]l ZAMIHS 3183t ok A
BAFES] MM ZAM) HiEE pRle] eSS AESia
glom Hiz o] wjio] Hrlae] wiete g HAPd FA}
Zg wr] st ok AAAe 2R AR 7R
719] Af 1AYG LHIRE o83l AL F e
AR 2P FHege Ay F AF WAk
fakebA) oka, AYAE dEFH Ay $ 4
g7t A9 gl 37 3 o]z 3le]th(Johnson
and Marcott, 1999; Thayer and Rajkowski, 1999). S}*|=F
FUME A% 53] HE AT S A AR
2ol I3t oju3l 38 7EE 7L YA BTk

upebr] B 7o) B2 E3 ~EEE o838 HES
AEH 2EEE o] 83lx &3 AQLEANT SAF
n A B3HA | 0|5}t el Aol vXE dFS ATk,
daFol el A FAle] 93 AAEE FAFS ©]
g0 B3 NEARE AFEA rh

HE H LY

BA M2

B A ARE FAR 5 FA TAE 37
ZAAZRE AZIALENE FUT F Slicer(HS-2N, &
ZFAFY, Korea)s o]-83ted 1.5 cme] 7Y FAZ
Akelgct. Zdgd BE0E ARE WFEH(WFV-
530, WATANABE, Japan)gt 5 -27+1°ColA W% H#3}
At

MR A}

2741°CoA AFEY R YEE YRS ool
ool gol FmAAHATANA) FIAT RS
AAdE Ue] AR 7171E ol gaje] AellN =

AU A E 2 MeV(EHH-E FHAL 7 mm, FHA] 15
mm)2 FAZAREIL AFE 10 mA, 2AMIZS 2 kGy
2 F FFATS 4=E stk A 2AF ARae
HZAL Y29} 3 1F TAZE § 4x1°Ce] ARG
3 & ag ARE Yl AFEEHIH

WS KM=

AzE S8 27 AEE gustn e At
2AENFZRANA AzsHe sz A9 A
2 silent cutter (Meat chopper, MGB-32, 33|34,
Korea)oll Al A3ttt GxA AxE &7 NaCl) 6%,
glucose 5%, garlic extract 0.4%, coriander extract 0.1%,
caraway extract 0.1%% ZF<rol S3jA1A Atd & 9
2N A o}AAE(NaNO,) 0.1%S H7Fskct. o] W et
B2 0]838) ME3AAS 931 2Bl H7HS pediococci,
lactobacilli®} micrococciZ A% 0} QI starter culture
0.5%(Rosellac™, Abiasa, Canada)S 4A1A] 107 CFU/g]
eyt JEg FF50 d8A A F GAF
AzA Arlsle] Azsigeh EAES 7|9k @ANE
1:19] HIER dlo] e F Byt ¥713 x310] 74
HEE 3lo] 441°C 2% FATHIA 3687 % BAE
Fstgeh. GAKSE F2PF7](Constant Temp &
Humidity Chamber, HK-CTH150, &=%3%717], Korea)d
A cable tie2 Z o] Comi et al(2005)9} Samelis ef al.
(2005)0] WL o7k WMt g 3YEe e
(RH) 93%, &% 24°C, 48%E] 697HAE RH 90%, &=
22°C, 79HE 997FAl= RH 87%, 20°CE Wby A5}
gom, 1 A 0, 1, 3, 5, 7, 99 HZ AFE 7Y
3t
yEg=

1) pH

pHE 10 go] B9 74 90 mLg 10,000 rpmoi|A]
157t #4248 ¥ pH meter(Model 1Q 150, Lab Science,
USAYE A&t 38kt

2) O|MHEEM

AN{H 235 4L AR 10 gt 90 mLe] B
peptone F*(Difco Laboratories, Detroit, MI, USA)e]l {3l
stomacher(Interscience BagMixer®, France)ollA] 283t
ANZ o2 1ou) FAHeR AT FAF AR |
mL& MRS agar(Difco)?} plate count agar (Difco)dl] £
sl HHog FAF F, 37°ColA 484Kt iR T
el colony 45 colony counter(Microcount 1008, IPI
Inc, CA, USAYS o83l A3iAtt. PIAE < A
B 1 g @ colony forming unit (CFU)E YERHIATEH.
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3) Thiobarbituric Acid value (TBARS) &%

Nge A7 Z A AEIEE ZARE] Y8 Wite (1970)
o] uhHS o]88l TBARSE 43T} 10 gof sample
7} 50 pLe] BHA, 2 M9 phophoric acid (including 20%

TCA) £9& 50 mL falcon tubeol] -2 F homogenizing
3 % 15 mLg ¥ WolFuA oAl #dst siiet. ¢
o] 1} THFE A F BEFS 50 mLE 2FH 57

S 271 78 BE RS, Watman No. 1| ¥R 2 2
Yok ool = 5 mLE& #H3b test tubed] ¥ 5 mM
2] TBA-&(2-thiobarbituric acid)S 5 mL 7}t
Blank sample 93l 5 mLe} SF5<} 5 mLe) TBA &
Ae Yl 4ojA oF-g X, oA 15417 H-EAIZ]
% spectrophotometerE ©]-8-3l] 530 nmE SHEE &

sttt

EH2H

iy |
7t 2o s Y3 AFE 33 HhE HAAJSG o,
Aojzl AFEL SAS (2005) programe ©]-83t] Duncan
o] AR 7+ A7 R4 (p<0.05) HlaL &
At

dnt ¥ uF

pH

Table 12 W&-59] e A7} 59 AAA ZA
o3 wa 4 /‘é 712y & pHe| ¥WEE Jehd Aol
36X17F GRS Fo 27) @a, 4 092k pHE 5.70-

575 AER AR, *‘E'ﬁ 424011*1 2ElE A
79k HIRZE pHYYl ojA A zfolE B
2B B 2E 9S4 597HA] 4 5.72(0 kGy)
o} 5.772 kGy)i Z7)9F FARIRS Y 2EE A7
pHE 2d 2 &4 5U71A Z42; 4.33(0 kGy)9F 4.39(2
kGy)E Fraldos F73] AsslAtHp<0.05). ©f Ad=
g ARA TG 2EE cultureE EFA] 2E H &
QAN pHI} 23] A3HBThs Park et al(1996)9]
Axtet Aol AXFHS & 5 UK o] & ATl &
FSAE 93] AHEE ~ElEl(pediococci, lactobacilli®}

micrococci)®] Frako] & Ealete] WE v B4t
9] A4o] gl g § 239 F 71 47t 10° CFU/
ool a1 gepol o|2A Hx, Ate] AN =TI %A
3 AHA w2 pH A37F dojuhr] wEo|thComi er
al., 2005). o]} 7] Grolxl pHE TaES9] WAL F1,
z7 g 2 AZE S5 295 A 44 2
e A0S 2459 SAO Fuf vAEL] 43S oA
NA AF A e ST FEE 3T (Leistner,
1995). ¥ta szl 7P @ SR8 H]l Fo H|ZAL
s 28lE #Hrlate 7919} 9dAje 4713 4.88, 2
kGyZ ZAH e 2eE H7l7e 47t 4449 4252
A pH7} dsdte A AR F Aedl(p<0.05), &
ElEE ArlelA] && AaiaAzl AFe 2S¢ Z7RkE
&Aoll 93l 2] Ealabao] A=) Wi 23] pH
7} 2718 4 ksl AFS.EC) Dickson and Maxcy (1985)
v <4 9 pH 717} nonprotein nitrogen(NPN) 33}
29 23 9 27t 7|93t ®ardt vl ot wHHo
cebel MANTE 2efE AT gel BAY Bat
HolA] 2t} Lee (1990)= HAA]7]9) A2 FAZ7]
pHel FAT Astel Z27e] o] Ao A7
e &vHl AS KAty Husied B
o} JRSFAT
2 kGyZ ARG 2ele] HI37He] B9 a2 54
717t we} pH HAEFHE 7 e
2 ZARE 28 J7be As 8
g pH7} F243 Aslsle AS ¥ 5 AUTHp<0.05).
Samelis 5(2005)¥} Chouliara 5(2006)2 AR FAME
X 7e} ¥2AF M) T2 Greek salami®) WA R &
A F pHY F9FA Aol ARG K3
commercial starter 7} 2A1AE & U] #wE] AHIsAIT
2 WSSl WAL BE L 59 T 2ol B}
F7F v RS pHZE 54 8)
TVt a7 6 A HE JeRi
TH(p<0.05).
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Table 1. Changes of pH in fermented meats during fermentation and aging

Irradiation dose

Fermentation & Aging (days)

Starter culture

(kGy) 0 1 3 5 7 9

0 kGy - 5.72+0.07°8¢  5.83+0.10°>  5.83+0.07*® 5.72+0.17°8¢  6.23+0.52**  5.53+0.12°°
0 kGy + 5.75+0.11%4 5.55+0.168 4.48+0.14°F 4.33+0.07°° 4.71£0.220 4.88+0.27°¢
2 kGy - 5.70+0.09°CP  5.68+0.09°° 5.86+£0.01%4 5.7740.04°8¢  5.72+0.05°°P  5.80+0.08°P
2 kGy + 5.70£0.08°*B  592+0.18™ 4.75+0.18" 439+0.21°°F  4.4440.19C  4.25+0.04%

Each value is mean=SD of two replicate experiments with two samples analyzed per replicate (n=4).
AF Means in the same row with different superscripts differ significantly (p<0.05).
*dMeans in the same column with different superscripts differ significantly (p<0.05).
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9 &4 77 5 Fu5] WSS Table 20 YERATH
36A1ZF BAZE Fo] 27] A, 4 09A] FAFE &
E}E] I e 242 3.83(0 kGy)# 0.23 Log CFU/g (2
kGy), 2EHE] 779 3¢ 242 6.42(0 kGy)9} 6.00 Log
CFU/g (2 kGy)E YERf o] 2 kGyE ZA}S ~ElE HlA
7] 7] HAE LELFEe] 71 RUThp<0.05).
A 9 47z SR we a3 4 79AHA
ooz pEd FVHE Holukt 9Ygatills Fdart
Rt s AY 3] /S € & UATh(p<0.05).
a8 el Wb 59 A AN o3 EA
9 A 717 5 Fchtge] WElE Table 36 YERASL
th 36417 GRS F9] 27| WA, 4 09k ik
I 2l 7S 2E3AI018H1 Log CFU/gE 1
FR|7F oS- DAARE, 2] HUbY A Ao R
A3t 247k 5.99(0 kGy)?} 3.72 Log CFU/g(2 kGy)E A}
gHog 58 FXE HATHp<0.05). L& 9Y=}te] it
T4 AEE BAEZEE 42 5270 kGy) 5.84 Log
CFU/g(2 kGy), ZEtE] 7ol A9 Zikt S22 <l
slod Z47} 8.38(0 kGy)9t 7.44 Log CFU/g(2 kGy)E HA|
2elE] HH/FRG JOHoE e FXE BT
(p<0.05). At oz whE g <=Ao] sl we} F
9} FARE AS JeRI T 2~EFE #HrlrEe] AE &
T4 fREL A Aoz AlgH) ol WA
ZAH R dEAA X9 HE E £437]3Yel) wet pH 7t
AAFH oz asPEA S5 FahtaT) fABH &
7} Dicksond}t Maxcy(1985)2] A2} L=+

o} =3, RELAR Y] SV F Rikde] AT R
Z+-8-3} 1 (Vignolo et al, 1989; Conventry and Hickery,
1991), %7 WE ZAito] FAo0 2 MHLAA] Az
o $HEE Gram 4 AT S48 JABIEE K4
F9o] kAo HHA FJFgFE nxcta Rustyt
(Leistner et al, 1981). 2B} H|H7}19] H§-ox= &
¥ Ao Mg o} e 923 s F
7VEF A ol9le] e FER UG eS ¥ 5 AU

o ES A Belsis gakte the §ay v
Bk ge] YA ALl Ago] T BE AeR

A& AdthDickson and Maxcy, 1985). AP A~+2 3
Samelis ef al.(2005)9} Chouliara et al.(2006)2 AR =
AtE AT} vl ZAF A2 77k Greek salami®] HE 9
&4 T Bl A FoFQl Aol YL Bal
3t

B A749E 53 S5 A5 A 2ARER
2E1E] YUt FA7F M e A0 R Hol AR
2ALE 58 BEE WelEhe e rAEY 43S 94
sla guiFlez RAikid FUIsE Aoz Alsdn &E,
el H7MTE 2EE HHZ] v gE e
2@ & 9 wA] Fu FAdhto] FAAES & F

At

Thiobarbituric acid value (TBARS)
HES o] 2efEH/HTF AR 2Alel 23 | o
=4 717t B AL E(TBARS)S] AHE Table 401 ot

Table 2. Growth of total aerobic bacteria of fermented meats during fermentation and aging (log,, CFU/g)

Irradiation dose

Fermentation & Aging (days)

Starter culture

(kGy) 0 1 3 5 7 9
0 kGy - 3.83+0.97°F 4.45£0.72°  6.340.32°C 6.78+0.69°® 7.26+0.46°* 7.54+0.90%4
0 kGy + 6.4240.22%° 7.80+£0.64% 8.7120.65% 8.36+0.66°° 8.16+0.32°8 8.24+0.24%8
2 kGy - 0.23+0.52% 3.60£0.929°  4.83+0.80% 6.2620.14°B 6.73+0.36 6.59+0.82°A8
2 kGy + 6.00£0.21°”  6.78+0.40 7.70+£0.58%48  7.80+0.57%8  8.02+£0.27* 7.48+0.47%8

Eaph value is mean£SD of two replicate experiments with two samples anatyzed per replicate (n=4).

AEMeans in the same row with different superscripts differ significantly (p<0.05).

*d Means in the same column with different superscripts differ significantly (p<0.05).

Table 3. Growth of lactic acid bacteria of fermented meats during fermentation and aging (log,, CFU/g)

Irradiation dose Fermentation & Aging (days)

Starter culture

(kGy) 0 1 3 5 7 9
0 kGy - NDY 3.23+0.46° 4.6=1.48 5.95+0.74" 6.29+0.60" 5.27+0.63%®
0 kGy + 5.99+0.31° 7.85+0.83%C - 8.86x0.59"* 8.20£0.50°" 8.08+0.27°¢  8.38+0.36°°
2 kGy - ND" 3.58+1.12°C 4.54+0.92®  5.92:£0.27"  6.17+0.24"  5.84x0.75%
2 kGy + 3.72+2.83¢ 6.88+0.50° 7.66£0.69%48  7.93+0.58°* 8.12+0.35% 7.44+0.45048

Each value is mean=SD of two replicate experiments with two samples analyzed per replicate (n=4).
A€ Means in the same row with different superscripts differ significantly (p<0.05).
*d Means in the same column with different superscripts differ significantly (p<0.05).

UND: not detected with the detection limit < 1 log CFU/g.
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Table 4. Changes of TBARS values of fermented meats during fermentation and aging (mg MDA/kg meat)

Irradiation dose

Fermentation & Aging (days)

Starter culture

(kGy) 0 1 3 5 7 9
0 kGy - 0.25+0.03%° 031+ 0.32°%C 035+ 0.36°5C  0.66+ 0.62°*%  0.74+£ 0.68**  0.79+ 0.71**
0 kGy + 0.03+0.01°¢  0.04£0.01°C  0.07+0.01°¢C  1.09£0.17%  132+044®  167£0.63*
2 kGy - 0.03£0.01°®  0.03£0.00°®  0.02£0.01°®  0.06£0.01°C  0.14£0.02%*  0.10+ 0.01°®
2 kGy + 0.03£ 0.02°C  0.03£0.01°C  0.05£0.01°C  0.87+0.71"8  1.50+0.81**  1.50+1.29*

Each value is mean+SD of two replicate experiments with two samples analyzed per replicate (n=4).

AD Means in the same row with different superscripts differ significantly (p<0.05).

#¢Means in the same column with different superscripts differ significantly (»<0.05).

e BB Aol 3607 GAT T LF, & an=2s

4 7170l ZolHFE FoHog Fkhe ACE e
SHTHp<0.05). & 9 <4 9Yzte] TBARSEE 2 kGy
2 AR ZAVEE 2 BIE7FENA 0.10 mg MDA/Kg
o2 7 @ FXE HEATHp<0.05). d¥HEo R
AR AR A ] AR FXske A= dBA 3L
+=U|(Thayer et al., 1994; Formanek ef al., 2003), o] A
Wl AAdS 2ARHE 38Rl A o £31
5)7] wjFo]tiKoh and Whang, 2002). ¥ 7 A}o] A
© A ZAMROl o3 B8 2 <4 7)7F 5 TBARS
el 2ol AT F e, o= A& Al AN
B AEST ALY Az A7 A}AAY A7l
ojxe] atd AR FSEC

2 o

E A7 EH2 Al# F9 2HEE o83 HaSA
F% ZEFEIE ol &3kA] ¥al AALEAIZ SAFY H
a2 w4 F e, olekEl SAd viRle o
e A7k, AESIMY AR A2 kGy) AIE
gt 2 kGyR AA AR 28 7

4 &4 F pHF F43] 8o (p<0.05),
pH € 4258 UEpH. 058 dikdse &
A7tol ofsf FHg-wed Harvt APl aet FF
F¢} Bt grt fAket ARS JERNQITH TBARS 4t
&/g713e] FTheel wet RE Aol A
71T B d7ARE B8 LES A4 A 2 kGy=
AZRd 2ARE S A5 FdoE FaATL Ade=
225 AL BT 2AMY T ol 2EEE 3
ZVeHA =W HaES At w83 o8 5
S Aog AlgdHnh

o
l

ol\
_0|L
§

g
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RO T [

=z

o w9
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