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Product Quality and Shelf-life of Low—fat Sausages Manufactured with
Lentinus edodes Powder, Grapefruit Seed Extracts, and
Sodium Lactates alone or in Combination

Sun Hee Son, Joo Wha Bang, Hong Chul Lee, Kwang Hyun Kim, and Koo Bok Chin*
Dept. of Animal Science and Biotechnology Research Ingtitute, Chonnam National University, Gwangju 500-757, Korea

Abstract

The study was performed to evaluate the product quality and shelf-life effect of low-fat comminuted sausages (L FS) man-
ufactured with sodium lactate (SL, 2%), grapefruit seed extract (GSE, 0.2%) and Lentinus edodes (LE) powder (0.25%)
alone or in combination. Addition of LE powder lower than 0.25% did not affect the product quality and sensory character-
istics (p>0.05). However, LFS containing 2% SL in combined with 0.2% GSE inhibited the growth of inoculated Listeria
monaocytogenes during refrigerated storage for 8 wk. During refrigerated storage, pH decreased until 2 wk of storage and
then increased thereafter. In addition, lightness decreased up to the 1st wk and then increased thereafter. However, redness
value was the lowest at 8 wk, and expressible moisture (%) was decreased with increased storage time. Purge loss (%) was
gradually increased over 8 wk of storage. Microbial counts of Listeria monocytogenes increased as storage time increased.
Based on these results, LFS could be manufactured with LE powder (0.25%) and the addition of SL (2%) in combination
with GSE (0.2%) inhibited the growth of Listeria monocytogenes during refrigerated storage of LFS.

Key words: low-fat sausages (LFS), product quality, shelf-life, grapefruit seed extract, Lentinus edodes, sodium lactate
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X% FEE(Grape extracts), ZAF 725, FUj4F 3k}
ZFZE-(Korean Fig, Ficus carica L.), 7]EAHChitosan), %
AF Z2E-(Ginseng extract), 714 25 (Terminalia chebula
Retz), 784 55 5ol A FdY A8 53 =
A7 BuEcHBaydar et al., 2004; Chin and Ahn, 2005;
Jeong et al., 2005; Jo et al., 2002; Jung and Cho, 2004;
Kim et al., 2005; Lee et al., 2003). T3+ A4 21E2] A
e SN SEl ARSEE A YEF #g A
T2 Kook 5-(2003}2 it UEFS H7IeE 2A1A9]
S a3 =3tk sk, Chingl Ahn(2005)S
AA oA Ao HAE EFS 7S W, Listeria
monocytogenesdl] ti3l 98t d4t E9E 71X okar
stk 3 FE9g FopollA] 8% 0 F o]8F
I on, 24 AoA tE A BERY X3E =
4 E4o] A9 Qle Ao gl AeFAFEES T
o, XN, ksl a9E 1AL QITh(Kim et al., 2004).
gy GEA] EAlet AR EE E 7R ARl o
M= BHeIA|A] ot AHs FAF FEE 28-S AR
afetetA] ol 4] dt BEEMY ARl tigk B
3}7} o]Fox] ke AAo]tH(Cho et al., 1995). Lee 5
(2005)2 A T4} FEES AP 15 o ol ¥
o] A% ol digt F2 A a9E S A7 1
g Aol <3k it avE B, AFel s
A FE2EY Fito] & o] FoldrRE A= O AT
thal Bastgdh 3, uwA RE g AR
Lentinans 3-frate] dmfolef el &t ZFsfe] a2 o
(R 5, 199), F FEZHE FXE ASAA T
A3t de9lofsS WAlskeE a3t vkl HalEgle
(]} <k, 1999), Kim 5(2003)2 FamAle] &+t &2
o] Fafj & A= o] A5 AAl] BT} o] F&
HAANFH7HAEA &8 7hssittar Barsiaict,

ol gt HMA=EHY] AFA B 7I58E FaE st &
ATe AsTA FEES AU EFS ke AR
FTARAAY A7 T HE A =< Liseria
monocytogenesdl] thet &+t B3-S Hrlste] HMARER
o) F54S Felshs AT} Hiol ARXFA] SAE
= k] e FAMAUVERE H7EE AAGAAIA] Y
AEAE Wrkshke 2S 5302 F=HUT
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SAE
HEHL T =59 SioE] 798 =ridelA
gk & Aty AAEAS AASAL, THS7](Meat
chopper, M-12s, SH=rFA]F A2 5|4}, HEA], T3
T, SEhE ThEE & Ay RSl AR AlFR @7t
2 97 Bsteich

A4 A A 2= Konjac flour(Nutricol ME 8721, FMC
Corp., USA), Carrageenan(iotartype, Korea Carrageenan
Co., Ltd, Korea), %2 ofF T = (Supro Ex-33, ISP
Korea)s 7} 1:1:39] Hl&o 9=E 5338ty F31A17]
%, A7F A7k B Basteoh

AFE FA} F25(DF-100, Chemi Research Corp., USA)
o] A g e AT A FE2E 78%9t FEA™ 22%
(BhE A=) AL, AxRY (F)ddlzdo] W=, QIF
W3 RQM 1754 A E-L AME31Th B2 @SR
IHAREE, ASRAFE AL A AT, ti=)e
272kcal = FHE 9%, @A 18.7%, AWHEo] 179, ¢
250mge]aL, oldtell H, YEF, 7, B4, A, 3,
Zg, Aol gRER 9 Uololile] EFE o] Qlth
Z A} E F(Sodium-L-Lactate HQ 60, PURAC Biochem,
Netherlands)& 60% solution2- AF-3}$3c}.

X[ ME 2AIX2] M=

Chin 5(2004)2] ol &t 2AAE A xs L
(Table 1), Z+ Ag]7H=2 FuHA 7FF(Lentinus edodes,
LE), AF2-EA5ES(grapefruit seed extracts, GSE) 2 &l
2+ JEF(sodium lactate, SL)S Z7lste] &3t
555 30 AT & AUHAA FEES W A5
o A ¥a AE7IE 1E 30% 9 AlEstar, 14}
] 7FE(salt, sodium tripolyphosphate, sodium erythorbate,
cure blend)} W5 3 ¥ol 84 dMdS S5
Atk ol 117] W] L 15°CE {A YEE 3]
Qs W ARSI -84 didoe] 39 7Rk
ol 22 FH7}E(sugar, corn syrup, non-fat dry milk,
maltodextrin, spices #5)S Wil 1& FoF &0 2 AHs}
wA Zb Aol sldete HAE - (sodium lactate,
grapefruit seed extract, Lentinus edodes powder)S- 7|5}
Aok A £ 3] vsS XY IR 3 & AER
Table 1. Formulation of low-fat comminuted sausages manu-

factured with grapefruit seed extracts (GSE) and
sodium lactate (SL)

Low-fat sausages

Ingredient

CTL LFC LSL LGE LSG
Pork lean 55 55 55 55 55
Ice water 3564 3539 3359 3519 3359
Non-meat ingredient 937 937 917 937 917
Lentinus edodes powder - 025 025 025 025
Sodium lactate - - 2.0 - 2.0
Grapefruit seed extract - - - 0.2 0.2

Treatments: CTL, low-fat sausage (LFS; fat<3%); LFC, LFS con-
taining Lentinus edodes (LE) powder 0.25%; LSL, LFS contain-
ing LE powder 0.25% with sodium lactate (SL) 2%; LGE, LFS
containing LE powder 0.25% with grapefruit seed extract (GSE)
0.2%; LSG, LFS containing LE powder 0.25% with SL 2% and
GSE 0.2%.
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L2 Aol FH-sRAL, FHE 7] W T
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Switzerland)= 53] Zgsto] Btgks oIt LRk 4
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A FHke soxhlet§ oz =4 3yt
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S2| &2 (Expressible moisture, %)

o] TS Jauregui 5(1981)9] WHE WA SH A
8 15g% 4553 Whatmen #3 o412 3 & 5, 9
A138-2] 7)(VS5500, Vision Scientific Co. Ltd., Korea)=
3000 rpmel| A 1523 A4 EEA17]1aL, AlFA oA
2 788 T8 U(expressble moisture, EM, %)S =74

Skt

2] & (Expressible moisture, %)
425 2219 k100
RECES

AHEE (Color)

A% = Color Reader(CR-200, Minolta Corp., Ramsey,
Jepan)E o83kl XS] R HuHS 77t 5H =
A35F49aL, Hunter L(lightness, %), a(redness, &4 %),
b(yellowness, &4 %)9] Hgho = YA

ZX|Zb HAK(Texture profile analysis)

AE] 227 AAR= Bourng(1978)2] HPH O E Instron
Universal Testing Maching(Model 3344, Canton, MA,
USA)S ©]-83}] Texture profile anadysis(TPA)S 2A]3}
3L, 242} 7%= (hardness), ©F 4] (springiness), 7379 (gum-
miness), 4314 (chewiness), -3-%4d (cohesiveness) 7ke] 3
s 5793t AF 2702 500 N9 load cellol] 9%
3 compression(2) probeE “FEste], F ¥ EH(two-
cycle compression) Z719A cross speed= 300 mmy/minz

AE @7 1.25 cm, =0]: 1.3 cm) =09 75%= H=sisict.
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Listeria monocytogenes 7i|CHHHQF

Agdigta FEAMAEE FEANAN| A= e AP A
A B], 543 Listeria monocytogenes S °F 50 uL
#3ste] 10mL tryptic soy broth(TSB)ol] %z, shaking
incubatorol| ] 18A17F BjFgict. vijoFH S palcam agar
basedl] T=tste] 37°CollA] 24A|%F E1t v gt 1ejar
23239 colonyE Ul E2lske] 10mL TSBell ¥ar 64]3t
S AldieFer &, Al 100uLE FHskd 9.9mL TSB
of ¥a1, 18A]71 uljFate] FHIsHATtH(Kang et al., 2008).

ANX| AlE Z=H|

Listeria monocytogenes HE2 ¢35 2 A7 44
AE 2598 A 7R 470, 1, 2, 4, 6, 8FE T
shan, A7 T3] Zvlskct.

Listeria monocytogenes &

AR FA LA A 2+ A8 25 g9 shaking incubatorol]
A 1977t B¢t k) Listeria monocytogeness 3413}
of 1mL¥ HE3lar, HE A8 gd 10° colony form unit
(cfue] H=5 3 &, A 71z 5t HE o 4 W

3% Z793hsict.

OIME ZAF

A717H0-8F) HE FEE 247 Alg 2599 225
mL B¢ FFTE % Mgk 3, 3]4 ugol Bt 3]
At Tt AlTE g Sl Al (plate count agar,
Difco, Sparks, MD, USA) 8 %]¢} # Listeria monocyto-
genes AlIG-E $J3} Listeria monocytogenes A1 2] (palcam
agar base, Oxoid Ltd., Hanis, England)ell Z+2} 0.1 mLA
Y1, =23k & 37°C incubatoroll A 48X]7F E<t ujeka}

(
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Table2. Non-meat ingredients incorporated into the low-fat
comminuted sausages

Non-meat ingredients Amount (%)

Fat replacer? 25

Salt 1.265

Sugar 10

Corn syrup 1.0

Sodium tripolyphosphate 0.3

Non-fat dry milk 1.0

Maltodextrin 1.0

Spices #5 1.0

Sodium erythorbate 0.05

Cure blend (Salt/NaNO,) 0.25 (150 ppm NaNO,)

YFat replacer: konjac flour, carrageenan and soy protein isolate
(2:1:3).

of M= 44 WekE Zshack.

& 33] HHESIa, gk SPSS 12.0(2003)
o] g3le] o] dufX|EAREA (two-way analysis of
A b e, A7z 3E
S EAsIAT ZF 891 21 AdAIATE fIEkA
%<& B5(p>0.05), Fa110 w2t AIE EAsaL, 4t
BA B FolzH(p<0.05)7} HAE S ), Duncan's multiple
range test(CFe- A H)E o83t 0.05% 8] WollA 2zt
AT} A7 17l W A3 fos st

Zn 1

]

ANESEXFEE, MMIES, ZETIHA JIRE HIIEHY
X MELAAXS E2H SN T}
AEFTAFZ=(pH 2.46), ZAEF (pH 5.34), F1H

SUME(pH 7.025 37FE AR A AR o] F4%
7} Ad= Table 37 2T} AlF9] pHe ZF AEE=
6.06-6.14%2 UEltal, Z2AWEFH AeEA FE= 3
7t W& AT Foake UEA] ZttH(p>0.05,
Table 3). ©]&= ChinZ} Ahn(2005)0] H.ish A=A A&
A F7FeE BARGEF ofgh tiE2T AA1A]9] pH
ofo] 94 zto]7} Koz edthe AR} FAlsH, &
g Kook 5(2003)0] Hiarst RAGEF-S H7FsE AR
7157 &AIA9] pHE st Fofabrt Yl Ao}
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Table 3. Product quality of low-fat comminuted sausages as affected by grapefruit seed extract and sodium lactate after cooking

Parameters CTLY LFCY LsSLY LGEY LSGY
pH 6.06+0.08% 6.09+0.08% 6.14+0.042 6.10+0.09% 6.08+0.072
Moisture (%) 74.3+1.20° 75.2+1.482 74.3+0.432 75.5+1.50% 73.7+0.95%
Fat (%) 1.79+0.072 1.75+0.482 1.53+0.512 1.79+0.322 1.74+0.28°
Hunter L (lightness) 67.7+2.122 68.6+1.73% 67.1+1.512 68.7+1.59% 67.6+£1.942
Hunter a (redness) 13.9+0.072 12.7+0.782 13.1+0.75% 12.8+0.56° 12.5+0.62°
Hunter b (yellowness) 7.75+0.38% 8.42+0.332 8.19+0.322 8.51+0.80% 7.85+0.53%
Expressible moisture (%) 31.747.26% 33.8+4.30% 27.8+3.412 31.3+5.332 27.1+1.36%
Cooking loss (%) 15.2+5.30° 10.4+2.222 9.70+3.09% 12.0+2.442 11.5+3.03%
Hardness (gf) 2518+6942 2293+4232 3461+816% 2619+4472 3388+3722
Springiness (cm) 0.29+0.03* 0.29+0.072 0.31+0.08% 0.31+0.08% 0.32+0.06%
Gumminess 732+334% 587+275° 951+2817 698+169° 933+74.0°
Chewiness 218+106° 183+1117 302+108° 214+92.6° 299+77.7°
Cohesiveness 0.29+0.09* 0.25+0.072 0.27+0.022 0.26+0.03* 0.28+0.042

DAsshownin Table 1.

M eans with the same row having same superscripts are not different (p>0.05),
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A718E AFeEASFEE(Hunter L, 53.6; a, 3.38; b, 14.1),
ZARJEF (Hunter L, 79.0; a, 6.15; b, 13.1), 3™ A7}
F(Hunter L, 64.8; Hunter a, 2.45; Hunter b, 4.25)= #]
A ARl F7EE o] Mol S FA] Fjkon, o
S} Bste] Chin 5(2005)2 A& 2AA)9] AeE =
A3l Ay} HE 66.2-67.2, A= 11.2-11.8 & A7}
6.1-6.82 Z4Eglon, ZAIEFS H718F 27} o
T} 193 Zfo|E Kol gdtthal Harstint. & A
AollA 71 FAMATERO] 9 $(0.25%) Y
Lol dIFs FA ¥= W9 e, A8 R
E AN 7k o dAEde] ke Ax
oA JPL T4 e A0 H7HETHp-005, Table
3

AE] f2] RS 27.1-338%2 ZHzke] ATl o)
gk f§oF ztol7F YERA] 23kth(p>0.05). A 7HEzt
F 9.7-15.2%% 7} AT7He] 792 2lolE HolA| &
UATHP>0.05). °ol= AeEAF==, ZAER, THA
7R A7 ARG Vs dEE TA g Al
2 grlEo).

A3 AAPEAOA, BEE 2518-3461 of, BHE A2
0.29-0.32 cm, 743 587-951, WAL 183-302, 234
2 0250292 7} AT oA zpo|7} eA] 9k
31(p>0.05, Table 3), 24t YEFO|Y AedA 55
9 2 53 ks AT 1] 1974 Abole sl
TH(p>0.05). o= AA AR Zit UEFS 37
AR 22 HAANE S5 A9, 24 AT f
o] zlo]7} YIATH= Chin 5(2005)2] Ao} f-As)T).
FESH Kook 5(2003) 24 UEFo] AW A9 A
g7t AEet FAR, ©@Ed 2eja S =
FA] deval Hrie AL B ), B AFoA] H7sE b
TEATFEE, FVER, AR =S AR &
A AR 22 Eks 4] ke BO0E HrE AT

AR FALAIA ] A AT e AEATE
&, ZER, SRS H7HEE AR FARA
A7y F37F dizFe) vlaste] & o, fARsokaL 37t
Hol AgFTAFEE, HAIUEF, TAHAZE 7ol
ofgt I5AR 715 =0 WMert AX] Fkom, fAkg
TGS Ad BoR FrsiaithFig. 1). o9t st
Lee9} Chin(2006)2 AA% A9 AR SEH (0.3
0.9%) ZAF UEF(%)S 9Y = H3oz H7S
o] FEEA FoZQd FFS FA Zohthar Hrst
ANs Fas) B uf, £ AFolA HURE AesASTE
&, BEF, AR} AMEAFESATEE
0.2%, ZAHIEF 2%, TUHAI/FE 0.25%) T3t 7129
AR FAXAIA Y T84S RIS o Ade
= Aoz sk 4 Tt

;

Fkl
2

Overall Texture
——CTL
—a—LFC
——LSL
——LGE
) . ——LSG
Saltiness “._ - luiciness

Color

Fig. 1. A spider web graphic representation of sensory data
from the low-fat comminuted sausages containing
Lentinus edodes powder 0.25% with natural preserva-
tives. Treatments: CTL, low-fat sausage (LFS, fat<3%);
LFC, LFS containing Lentinus edodes (LE) powder
0.25%; LSL, LFS containing LE powder 0.25% with
sodium lactate (SL) 2%; LGE, LFS containing LE pow-
der 0.25% with grapefruit seed extract (GSE) 0.2%; LSG,
LFS containing LE powder 0.25% with SL 2% and GSE
0.2%.

NSEXFEE, RUUESR, EUHMIIRE HIHEH K

X HE 2AIX2] XMEY Eo}

AT 2913 A7IRE 2] ¢ AduaAzE 0.05% ¢
TolA FrefatA] ot ZF A2l afl(Table 4) = A7
713E 29)(Table 5) 0.2 FA3ITE AT A 2A1A]
ol W71 AEAFEE, 2REF, LSS
A7IRY Boke] AAS Bkeb] Slsl 4713t B A
g7l e pH, A%, FEFEE%), AT FEH%) 2
AE el A7 WskE SAskr. 2 A2lTeh 437
el AsAgo] gleor A¥ans Az Aud
A7 R ARSSlaL, 7 A2 7ol e A= Tale
4} At

ATl mE pH, Ak, f2] FEFH%), I 2T %)
S 5749 Aot HF o] 98 wshe Table 59 At
. pHE 2 UEFH A4 FE=E WA g
HZTE 5970131, ZAEFS H7HE A2lTE 603,
AEFA FEZS FIR ARTE sl ¥ =
A 5 A7HE w 60002 SAE o] AT 3kl
oA Zpe7h A 23kth(p>0.05). Chin *5-(2005)1
AAGAH LA A (F D)ol H7FeE B EF(3.3%)F A}
FEAFEE(01-03%)2] F B A H7F Aol
FAEF 33% H7F AT A AR Al &
AA BiET B AR EATEES] 7hEe dejste Al
E3 ARG A 2R pHoll Hls) felHo s e
PHE HERITL B8t 0.m (p<0.05), Wdel] Ae-gAk
FEES W AR A" 244 pHE A7 FE
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Table4. Mean valuesfor pH, color and functional properties
of pooled low-fat comminuted sausage as affected by
sodium lactate and grapefruit seed extract during

storagetime
Treatments”
Parameters
CTL LFC LSL LGE LSG
oH Mean 597 598 603 598 6.00

SD. 008 005 005 0.07 0.06
Mean 669 671 66.2 668 66.3

Hunter L

SD. 087 116 052 154 137

Mean 133 128 128 129 1238
Hunter a

SD. 075 102 101 093 093

Mean 806 882 840 902 835
Hunter b

SD. 093 074 091 098 124
Expressible Mean 331 339 298 331 299

moisture (%) SD. 726 644 424 580 7.06

Purgeloss Mean 104 107 091 111 072

(%) SD. 064 063 067 062 0 .46
Total bacteria  Mean 4.66 457 3.87° 3.94° 3.80°
(TPC)? SD. 093 091 062 061 062

Listeriamonocy- Mean 4.32° 4.35* 354° 3.68° 353
togenes(LPA)® SD. 090 100 056 060 055

DAs shown in Table 1.

#dMeans with the same row having same superscripts are not dif-
ferent (p>0.05), S.D.: standard deviation. Changes of total bac-
teriaand Listeria monocytogenes numbers (log,, cfu/g) from the
low-fat comminuted sausages stored at 4°C.

ATPC: total plate count agar for total bacteria.

9LPA: palcam agar base for Listeria monocytogenes.

(0.1-03%)°l FAIgle] AAY A AR tiz9] pH
oF fo]Z1 zto] §lo] fFAkSHAl UERstha R sttt
(p>0.05). WA - AFtolA] A3 3 HAVEE 3
7k AR ARl A7 AAUEFT ASEATE
9] WAreEe HE AF] pHoll d%s 74 ¢ A
o2 PJri=E A

Aol e SATE Jd A4S FrkehA] 4o
279 AS, ¥ 669, AT 133, I 80602
Eitar, ZAEES 7K AT HWE 66.2, 4
128, A= 8402 YT B3 A8 TA FE==
A7k At Wr 668, AT 129, AT 9022
AR, AFEAFEE, ZEF, TIHAE
A7 2 FRe e Az foxpt YERA] 22 A
© 2 7 ATH(p>0.05). WA AHeEA 557 2Lk
UEF9 H7ke}t H7Fe oiz7t9) vl 37t A,
Aol Az AR - 2ARQ] Azl {2
A FFS TA = Ao=E AlRH.

A, AE ol T g a9S AR Ay, QS
AFEE, EFS F7IRE A+ 25 gz 1
3 e X9 HEHS HJo2H HF o Ligeria

e

monocytogenesdl] teh St a7t ERIE et sHARE
7F EAO EReot BT wE Hugke] Aol vE
YA -8 2w, M7 B4 7He] hrae] zjole} &
7t % AsaHe PnE o R FrrE AT
(p>0.05, Table 4). o]&8]3t Ad}= AX|W AA)R]ol] 3.3%
o] ZMEFOIU AFeFA FEE 02%E 7Kg A
& g)zHglol 3E HeIth= Chin 5(2005)2] X}
A Ao 2 WriEQlar, Cho $(1995) AHE &4} +
ZE9 gt G4S 9% 49 HA F=<1 10-250 ppm
o2 vAE B Fgolo tit gt o] Atk Frt
3190, Listeria monocytogenesol] thah st a vl o
g O HAEHY A7 EAZ = Mytle 5(2006)°] clove
(Syzgium aromaticum) oil-2 7189 o, H71eE B9}
e T S50l JEHOE AR AolE Hol
o S BIltka Busi.

A717el mE pH, A%, F8] TEH%), e AT
(W= =783 Ao HE w9 47 wsl= Table 59
A2tk AA7IZre] ZAastel] wet pHe 5.97-6.070]1, W
T 65.7-67.5, AMEE 11.7-13.4, 3 EE 8.08-9.04 H
A= SZHAT =g 8 RS 27.1-3740]| 31, 3T
7S 0-1.59% ©]At}. Listeria monocytogeness 3k
AR Y] A7 Fo] WA Ft4= 3.81Log CFU/g
oAl 4.66Log CFU/ge.2 AA7)7to] A3l wet =
7}=]4ar, Listeria monocytogenes =3k 3.61Log CFU/g
o4 4.38Log CFU/ge.2 Z7}=Ith. 1 A3} §A, A
717t ME pH Wshke A7) 7t e d &
o] foJZQl zto)7h Wbt th(p<0.05, Table 5). Sallam}
Samegjima(2004)= 3¢5l 7t ZAEFH ¢s)

EF(NaCl)o] PAEe2 2 slshd] F4ol rjA= <
S 2°Col A A7 219 Bt 2ARE A, F37)
HxzT= AE719 pH7F A7IRE 18474 9391
ztolE Holm tholxnpyl AER 21dAdle fARE
pHZ F&Ee A4S Bt v ZAIUEFS 3
7hE AT A7 219 B¢ 2719 pHEEE #A
she AFEARS A, ol ZMEFY H7pt A%
71zl oJgt pH WislE ¢St o= Als )

A7t Me, BE7F A%7IRe] Zgel mE gk
] fFoARQl ApolE Ko 17| FHASiTE 1 o]%
Al S7Fhs Bas BAtH(p<0.05, Table 5). o<} &2
A= A7 7 8F0lA §2Z<] 2o]S HolH
ol tH(p<0.05). AT FAE= 7 AR7IZE 7He]
oJZQ1 Zpol7b ERA] %%kth(p>0.05). o= AAY A&
AR I A T A7) mE Wl HAwo)
W7l 34 @t Adols tjZ2Fo|tH(Chin e al.,
2005).

A71ZE Bt AlFe] fre] e 27.1-374% & 7 F
H Gk e F92420 2elE YERA] @A, 71
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Table 5. Mean valuesfor pH, color and functional properties of pooled low-fat comminuted sausage as affected by storage time

Storage time (wk)

Parameters
0 1 2 4 6 8

H Mean 6.072 6.02° 5.89¢ 6.00™ 5.97¢ 6.00>
P SD. 0.07 0.01 0.05 0.05 0.03 0.03
Hunter L (lightness) Mean 67.5° 65.7° 66.1% 66.5%° 67.0% 67.0%
SD. 172 0.76 0.86 1.09 0.94 0.42
Mean 13.1° 13.4° 13.0° 13.42 12.97 1.7°

Hunter a (redness)

SD. 0.73 0.16 0.57 0.28 0.52 1.46
Hunter b (yellowness) Mean 8.28 8.08 8.08 9.04 8.85 8.84
Y SD. 0.56 0.56 057 114 1.30 1.30
Expressible moisture Mean 30.2° 37.42 37.3° 30.7° 29.1° 27.1°
(%) SD. 4.36 2.24 1.87 6.18 7.45 5.80

Purge loss (%) Mean 0.00° 0.62¢ 1.31° 0.95¢ 1.37® 1.59%
SD. 0.00 0.26 0.23 0.26 0.38 0.43

bc C C ab a a
Total bacteria (TPC)? Mean 3.81 3.73 3.69 4.34 456 4.66
SD. 0.47 0.34 0.65 0.65 0.95 1.00

Listeria monocytogenes Mean 3.61° 3.36° 3.47° 3.83° 4.47° 4,38°
(LPA)® S.D. 0.31 0.26 0.63 0.69 0.96 0.98

#bMeans with the same row having same superscripts are not different (p>0.05), S.D., standard deviation. Changes of total bacteria and
Listeria monocytogenes numbers (log,, cfu/g) from the low-fat comminuted sausages stored at 4°C.

ATPC: total plate count agar for total bacteria.
9L PA: palcam agar base for Listeria monocytogenes.

T e AR 27 1-4579] 0.62-0. 95%9Jr Hlm 3 &
o), A7 FEL] 879 MF e 1.59%= 194

02 =7 UeRdtH(Table 5)(p<0.05). Youn 5(2005)& <
H =54 A 2490 71EARS HUtste] 4°CE W A

A AN T ety 293 24 SR
o)

s E_L’B‘Hiﬂ} w4 AgIte] A5k es A
mAe) Wow AF felside] 271 At
3, 2 A9 vlasje] ¥ ), 2C WAL
E}Ld o o8 v wAo] oAEle] A e
o] frol7el 7P YEpR] e Ao AL

ﬂlﬂ AR W AA AARE A Z3H] Listeria monocyto-
genesE 10°-10° CFU/g 752 2 #H=3}al, 4°C WA A%
XA AZ71ZH0-85) St w] AWEE £ A,
F5E AASe] 6 EE frojFo® 2 3t

= YERHo] AA7I3te] Aol whe} f212Q1 437l
e = o= FriEn, HIdTe 67 o|FTH 194
%l zolE Holw SrtEs & W, HF o TETIE
AReE 237S BT ol2fgh Adrduistel Bhdsie] Lee(1999)
= tryptic soy broth(TSB)ell Listeria monocytogenesE 3
3t %*7‘* 2531 4C AFYS W, 219A ] 10°
CFU/gY] 722 St WM E S20] ks
g *é%%*é% EC’J‘:}J— Husiath WA Fole A

Z717ro] 773t whe} Listeria monocytogene= 52]9]
7hsstR®, AFLE o]ele] A AAAIZI7] A%
Qto] Fad o7 AlgH.
ojgft AI= Tl E o, E
TAFEEH U EFS AR ;f—odi/\lxlgl
ASHA71A] AL, FARRE Bedds +AE T

o of

B A= gunAl 722 o]83F AR 7154 A4
A5 Azt ?ﬂ’é}*é ZF28 ate] A9 X'V\]—L]-EE
7 AEEA FEES ol &3tk 2AAe ke &

AL 0.25% < WellA A7lsksle o AlFe] +4 tﬂ
3 Jeh A fon a5 A4 J8ks Fx] g},
W A% F 4 Wse WA, ziaHLoﬂ B P
AEF, TUWA/E, AZEANEEE U= TE= 2

s s

A7} & AT pH, A%, FE5E @ WY
T AT FAR1 ZolE YeRA] ot kst =4

o] M NEe] AFe] F-o| IFS FA U o=
HrIER o, hde] RAEFoY AeEAt FEES
ol E3F H7E Al %3 Listeria monocytogeness:
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=Y T AT A, AH7IZTel gk
2771 Sl Sheks Agelion), A
Zasitt Sk oY, ANEs A% g7 7P @
At fe) el L AY Sl AEE
obAla, Ridel g 7S 7R oo Al A
FAHALE o835t AR 71548 BRG] AxTL Ths
sl A4 EFH ASEA FE2E5 95 52 5
o= H7lsle] Listeria monocytogenes?] A4S A3A]
Z 4 . dE2F o7, X]—%%—X]- =253 RAANJEF

AR FA AR F2G e FA B AR

FT}ol A pH
on WEE tha

e AN 2D BEAZ BT,
7I-A|. |
B A AePdE(2005 Fioleld AT Aol
olshA] aslglon, Aok BEBTANN 2
2291 Ao oJs}e] FhEglon] olel] PAL=HLIT,
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