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Abstract

This study was carried out to investigate the effect of the addition level (0 ppm, 400 ppm, 800 ppm, and 1,200 ppm) of
green tea extract on the lactic acid bacteria, oxidative stability, and aroma in kimchi-fermented sausage. The sample sau-
sages were fermented at 24°C/RH 89% until attained to a pH value of 4.9 (for 17 h), and then dried at 10°C/RH 75-80% for
6 d. The lactic acid bacteria count and pH value were 7.5-7.7 Log CFU/g sausage and 4.30-4.33, respectively, at 6 d of rip-
ening. The results of those did not show significant differences among all treatments. The formation of TBARS (2-thiobar-
bituric acid reactive substances) was significantly lowered by increasing the addition level of green tea extract. During
ripening periods, the CIE L" and a values decreased; however, the b* value increased due to the addition of green tea extract.
Utilizing an electric nose, the aroma pattern was clearly discriminated between green tea extract treatments and the control.
Therefore, in kimchi-fermented sausages, the high addition level of green tea extract improved the lipid oxidation stability.
In addition, regardless of the addition level, green tea extract changed the aroma while reducing the color stability. More-
over, it did not have any effect on the growth of lactic acid bacteria.
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A A5 AE tAke] By} o] fdE
2t U ZZe A7kst H5do] dojd 4 9l o (Branen,
1975), o]Z <13l dAjoll= ARE-o] A=Al ot Wl
oflgt §718 AIFL Ax Al H7tEE oA Tk
AZE Efo] B XAk D Clostridium botulinum)
A A SO Z ule- F 23 H7FEo|uK(Skibsted, 1992),
ol #2359 oFe} vESSle] WQF 491 nitrosamine
S YAZITR= Barrt 9lo](Peter, 1975) RIS A S
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SRS SR sk o] (Manzocco et al., 1998)
7154 AFe &AEA 2 7HEE AYAL Yt olF =
2ke] Fo AEo=E 7Y & IR e catechin 2]
&2l epicatechin, epigallo-catechin®} ester®8<] epicatechin
gallate, epigallocatechin gallate®] 4F 02 FAIE o] lo
™, free radical 224 Bl S o] BaHl o3 b
st &de} Nt uloldx, 54, TE5 AA, dt
e, % FH2HE A, FFF TY o g
a3E 7HA|ar tkBaydar et al., 2004; Yang et al., 2000;
Yanishlieva and Marinova, 2001). ¥3t olujz} opz2+<d
2AE T} nitrosamine A4 A a3 = )(Choi et al.,
2002) A1 715748 FA7FEEEA Bol &8Ha o
A= wiF 5o Ao AA FAFE o]83t] A=
she fEidele] A% wE AFo s QW oA} et
gRle] P AFo g A Far k. B ofuEt 2001
Jolli= Codexoll A FA4] 213 71402 SQ1ARkem, 2006
d vsre] A AR d73AQ] Healtholl A= AlA] sth 2
& AEFe R AAE v Qo) =3 o] FR|AAM A= A
frdo] wal A gheko] ol H|uk ool FaF o,
HIE A - B - C&} Zikto] 58t 17l folsitt
3 ANEAY. AR T AAER] wjSF2] B-sitosterol,
13 71F9] capsaicin, PFE2] methylcystein sulfoxide2}
S-allycystein sulfoxide & (Fujiwara, 1972; Kawada et al.,
1986; Stacy and William, 1993)%} 3/ W& m &<l 2
AtEe] g ARE(lactic acid, 714, HIEFT B complex,
ascorbic acid, acetylcholine, dextran, bacteriocin 5 )3} A
X9 A AR (glycopeptide, teicoic acid, lipoteicoic acid
o= Qe theket S 71 9o (Park and
Cheigh, 2004), ©]ol] &M= Jiksl, s}, 3ok, J&
Awe], gEst, T, P&, FF HDL-ZH=HE
571 2 A - LDL-Z8|2E1E 74, &qt, oY
A agEo] BuEITHChoi er al., 2002; Kim et al.,
2011; Ko et al., 2009; Kwon et al., 1998; Lee et al., 2004;
Noh et al., 1999; Sheo and Seo, 2004; Yu et al., 2009).
AX9 ZHAHL F=F Lactobacillus spp., Leuconostoc
spp. 2 Pediococcus spp. 21 WA HFAH] EAE
S 7FA)aL 1o (Hugas and Monfort, 1997) && AA]A]2]
starter culture2A] 2§}, o]o] #3NAE Lee S5(2006)
o slsh SHEL v} ek AA WE 2N B AT
£ Lee (19900 ol8) Ag02 ALHROM, o5
A4 starter culture(Lactobacillus platarum)S} glucone-§-
lactone®. & A 23+ Wa AAREL] F23) vlwgho A
A ' ARG EA el ARSI ©]F Lee2t
Kunz(2005)= x| Wa AR 9] kst a3+ 74 2}
Aol a2} Hrbgel] ojEgtia Bausint.
U8 AR AW o] =11 i BRI} vot
3

=] T
O SAlEl vl AAksr BAsl] AR @730] =

ol Jlom, 53] a7y Bt @] dojye &
4] 2 S FANE 9
gk (Degenhart, 1988). AAMSHE SAI%S] A2, =

7, 3719 17k 1Al P FS WX EE (Kanner,
1994) HF=A] AoJsfol F= 3l 38 ¥Hg-o]t}. Nassu
52003y HA ZTulE A 2=2ele] FEES
whg AA)R]9] 500 ppme] O 2 FHIVEEO 2 A 23} A
WASHE(TBARS)Y] AJAdo] A= lar, o2 Qla) 272
I FeA 71Ewrt PFETt Bt ek B
A7e A PEHAEA 7P & dEA e 53 F
ZE9 H7} §2Fo] AX] L& A A (kimchi-fermented
sausage)?] ZAHt, ARSI H &)o)| wix= JTES
TRl AAISHA T

R

=i FESQ| M=

A% ==} A(Bosung Co., Korea) 30 gd = & 800
mLE Y3 55 FOF ®WX|$k & Whatman filter paper No.
29} 0.45 pm membrane filter2 =220 2 &7}51 T}, o]
& 60°C water bathol|A] rotary vacuum evaporator(NE-1,
Eyela Tokyo Rikakikai Co., Ltd., Japan)S ©]-&3&}>] &=
3] 5% oty A AR7EA -80°Ce] Rt

HX| HE 2K M= R AR
& AA IR 2AAE =5 A 299 9 g

S =M semitendinosus), AZ3 A 1F9H
7
=

Korea) ¥ 7| SA-S 217 9= =3 &4 NrfE
2 HS7HSHAZRE Fste] Table 19] vl 24l
wet Azsidnt. A SAM, AAlEE, das AT
S A=), 8iF 1A, #HiA] SAEE 6 mm plate®] meat
chopper(M-22, Daewoo Kitchen Co., Korea)@Z 33+ &
ARSI FAE -20°Ce A 3AIRE St AT W

Table 1. The formulas of experimental kimchi-fermented sausages

Green tea extract level (ppm)

Ingredicnts () 0 (control) 400 800 1,200
Lean beef 1,600 1,600 1,600 1,600
Pork backfat 400 400 400 400
Baechu-kimchi 100 100 100 100
Salt 40 40 40 40
Sugar 32 32 32 32
Fresh ground garlic 20 20 20 20
Fresh ground ginger 12 12 12 12
Black pepper powder 12 12 12 12
Fermented sausage spice 6 6 6 6
Green tea extract 0 0.889 1.778  2.667
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Z+e AAS-(pH 5.53; moisture : 73.8%; crude fat : 3.6%)
1,600 g¥} A~F(Sajo Haepyo Co., Ltd., Korea) 40 g, W14
B(CJ Cheiljedang Corp., Korea) 32 g, T3 Avl= 20 g,
g A 12 g, SFF 7}F(Ottogi Ltd., Korea) 12 g %
Bg AAIRE 3F2AIE (Muster, Cervelat Gewiirz 604, Chr.
Hansen GmbH, Switzerland) 6 g silent cutter(OSK 10600,
Ogawa Seiki Co., Ltd., Japan)ol] 231 3% FoF &313F th2-
of7)ol] A3l vjS 7AX)(pH 4.08; moisture : 91.4%; lactic
acid bacteria : 7.7 Log CFU/g) 100 g=} W¥Zd A& 5X
W 400 g A o2 Yol Zb7ke] oA 3E B IE
Bt et mAF FEE wiF AX S} @A =F
s, HE AAA EF/E 2,222 g9 0 ppm(HET),
400 ppm, 800 ppm Z 1,200 ppmo] HE= 2} 0g, 0.889
o 1778 ¢ 2 2667 ¢S A7N51] a7le] He)Te A=s)
At HFE AAA] EFELS 080 mm2] cellulose casing
(Teepak Co., USA)l FZ1&ke] 1°Coll A 12A4)17F B2t &
A8k & ge8HF7|(VC 2057, Votsch Industrietechnik,
Germany)ol] g0} 643t SAAIF T AR EE &AA]| 9
44 X 24°C/RH 89%0l|A] pH 4.97} H& A1A<l 17
AIZPAA] EA)Z) AL, 10°C/RH 80%Z S 37t HAFA]
21 % thA] 10°C/RH 75%014 397 AZRAIZI 02 A ©]
FoRoh A5 F4 4L 4 0AIRL 177, 3¢9
2 6ol gk HFE 37§ ] ARl A 2fFHsEA A
st

Hitd &3
A FE 10 g7 B3 0.1%(W/v) peptone &9 90 mLE
H 71 (Whirl-pak®blender bag, Nasco International Co.,

USA)9ll a1, stomacher(Laboratory blender 400, Seward
Co., England)Z high speedol|A] 13 &<t #4gH 3 1 mL
Z AF3HA 0.1%(w/v) peptone ol 27 3]4 H|-&7}
A 3|3tk ol F SR 243 Sl 3)4ele
0.02%(w/v) sodium azideE 37}3+ Lactobacilli MRS
agar(Difco Laboratories, USA)ol| FE3}e] 32°Coll A 484]
7k 3t vkttt HE o= colonyZ} 30-3007121 3
A vl ARt - AR 1 g9 Log CFUZ AE33Ht

pH &3

pHE A8 10g¥ 579 90 mLS homogenizer(PHII,
SMT Co., Ltd., Japan)Z 10,000 rpmoA] 13 St #23H
3 pH meter(SevenEasy pH, Mettler-Toledo GmbH & Co.,
Switzerland)2 =43} c}.

>

H7t =
= =

=
AlZ2] CIE L”(lightness), a” (redness) % b~ (yellowness)
T 42 AE AR TAHS AF IS A AY
= Zgodd HBM Co., Korea)> 2 HL & chroma

o o

meter(CR-400, Konica Minolta Sensing, Inc., Japan)ZS ©]
gate] SAsIATE ofw) A2 =4 A calibrationol] ©]-8-%F
WAl EZETH2° observer; illuminant C: Y=93.6, x=0.3134,
y=0.3194)2] ME= 1'=97.46, a'=0.08 2 b'=1.81°]Ac}.

TBARS &2 &8

TBARS(2-thiobarbituric acid reactive substances)™
Sinnhuber®} Yu(1997)2] HIH o 23] AA|tAT A&
0.4 g2 Aste] 3HAF3EA|(BHA+propylene glycol+BHT
+Tween 20) 312, 1%(w/v) TBA-0.3%(w/v) NaOH &4
3mL % 2.5%(w/v) TCA-3.6mM HCl € 17mLe} &
33t ¥ 100°C water batholl A 30% 5+ 7138},
2 248 & A5 smLel| chloroform 3 mLE %7, 3,000
rpm(GS-6R Centrifuge, Beckman Instruments, Inc., USA)
oA 30% & A4EEF T spectrophotometer(UV-
2401PC, Shimadzu Corp., Japan)ZS ©]-&35}] 532 nmol| A
TBARS®] H3EE S48 HF 2d<= A8 1keT
mg malonaldehyde(MA)Z 2+H=3}33t}.

HXizofl 2ls 87| mE 24

A8 1gS headspace vial(10 mL &8l & 3}o]
PTFE/silicone septaSq- aluminium capS. = YB3k T 60°C/
500 rppm€] agitatorol| 4] incubationd}Jt}. ©]% 65°C syringe
(HS 100 autosampler, Alpha MOS, France)= headspace
gas 2.5mLE |F3te] HAZ(FOX 3000, Alpha MOS,
France)2] injectoro]] F+Y3te] A0, 24 A] 43
3 carrier gas(AL<%E air)®] flow rate= 300 mL/min®] %}
ot A= 127)] sensors9] HHE- 3k Alpha soft program
(Version 8.01 software, Alpha MOS)E- ©]-85}¢] PCA(principal
component analysis)Z *]2]$Fo. 24 d|3}A]A 231 O
g zol] Uehfjo] BHEE RIS

H AES 53 & AFEELS SPSS(2005) program]
ANOVA (analysis of variance)ol] 2|3 E45}%0H, Z} 3
TEZF] F24 Ao]= Duncan’s multiple range testo]] 2]
3l 5% F<EollAl HEsknh.

A FFS 4
AA TEg AAR Q] BRAFFE $4 £7] 4.5-4.6 Log
CFU/ge] FFollA 3AR7EA] frolF oz F7hstaon
(p<0.05), 174179} 3ol 242} 6.2 Log CFU/g & 7.4-
7.5 Log CFU/gd] 75 B Ut AT <74 6YA)



470 Korean J. Food Sci. An., Vol. 32, No. 4 (2012)

aA aA aA aA aA aA ah aA
= A

LABC (Log CFU/g sausage)

Oh 3d 6d

Ripening time

00 ppm (control) 0400 ppm 2800 ppm ®1,200 ppm

Fig. 1. Effect of addition level of green tea extract on the lac-
tic acid bacteria count (LABC) in kimchi-fermented
sausages during ripening. Values are means+SD. *‘Dif-
ferent letters indicate significant differences among treat-
ments within the same ripening time (p<0.05). *“Different
letters indicate significant differences among ripening
times within the same treatment (p<0.05).

o 7.5-7.7 Log CFU/gC.E 34#ol|A T oA Z7131A]
i fARE FES UENT) B4 250 A7
(0 ppm, 400 ppm, 800 ppm 2 1,200 ppm)°]l w2 24k
59 zfol& W, BE SA7IZF Bt Fo4Q0 Aol
2 JEhA] &UTHp>0.05). 7R W& & Lacto-
bacillus acidophilus, Lactobacillus bavaricus, Lactobacillus
brevis, Lactobacillus casei, Lactobacillus homohiochii, Lacto-
bacillus fructosus, Lactobacillus maltaromicus, Lactobacillus
plantarum, Lactobacillus sakei, Leuconostoc cremoris,
Leuconostoc dextranicum, Leuconostoc lactis, Leuconostoc
mesenteroides, Leuconostoc paramesenteroides, Pediococcus
pentosaceus, Streptococcus raffinolactis 2] TS Rk
TS| AAZTHKo et al., 2009; Park ef al., 1990; Shin
et al., 1996; So and Kim, 1995). £3], Lim 5(1989)
AX 9] it g 2EEE 5% Ay, 25°ColME
Lactobacillus plantarum, Streptococcus raffinolactis, Leu-
conostoc mesenteroides, 15°CONA= Lactobacillus plantarum,
Lactobacillus fructosus, Leuconostoc mesenteroides, 5°Ce]|
A= Lactobacillus maltaromicus, Leuconostoc mesenteroides,
Leuconostoc paramesenteroidesE 2183 o0, 39 it
o] &8 W& 25°CAlA Lactobacillus spp.7} 59.7%,
5°Coll A Leuconostoc spp.7} 65.2%0]Q kil H sttt
x| o]F F&f mlFo] Bs wl, B ATelA] X IE
AR BES AFA R B B STl 3%
u, 43717 &2 AAEY ikt UlF-E Lactobacillus
spp.2t Leuconostoc spp. 2 ACZ AHHTH B A4y}
AN AR WE LAY TS diktre e 8 E
A A](8.4 Log CFU/g; Papamanoli et al., 2003), ©|&¢]
o} ¥+g 4A]X](8.3-8.6 Log CUF/g; Comi et al., 2005) &

B7] ¥& AA]A](7.0-7.3 Log CUF/g; Hampikyan and Ugur,
2007)9} AR Eollom, A A3 g et
Atk & deiRl Ax| Bits FHSHA gskar vk
HollAl X I&E AR = QIZHY A7 frofstar
At % 7154 AFelet & o Utk ol digh o
13 A E AR RAXE S5 Lactobacillus plantarum-=-
probiotics®Z4] A A3E 5= 92 3 (Collins and
Gibson, 1999), Leuconostoc mesenteroides= -3l VA=
S IAISk= bacteriocing AT B 1E B} It(Kwon
et al., 2002). $HH, I3} FFE0] ZakHTe] AR v
t 23 olF7R] EE9slth Shin 5(2009)S paper
disk BHPH9l 23l Lactobacillus plantarum™} Leuconostoc
citreum®l] S FES S A7, 2 AP Y3}
Al owgt G mR)A] Lkl B sl o Jung &
(2005 =2k F=EY H7PF o388 ikt RS
SN AT PEA Bastlr. §PH Kim(2002)
S2b FE2EC] 7l oal A9 10°C LE7IZE 1
Zakto] Aol A= okal Harstitt. o]ef 2ol =
% 2289 T} 247) Sl b olfs 499

T
o83 A} FEEO Ul TR e 55 WUHe Ao

o e

lo

o ohe s B4 AR % Ao] MEIAE & S
glovt, o] Hel oisl WS PRI A ot

A77F Basithal Al E

AR R 2AAY 4 F pHe Bhkel vt
RS JERIATHFig. 2). 4 0¥#1e] pH 5.53-5.540]]
A 1727 3R pH 4.92-4.93 & 430-4330.F R4
A ZAAE B F(p<0.05) 6dAoll= T ol a8t
] 931 pH 4.30-4.330.2 &4 39A|9} T 5
ERAT. B8 532} 259 37} 7ol WE pHY A}

aA aAaA
7
é

.

aB aB aB aB

/
%
%
/

aC aC 4C aC

aC aC 4C aC

00 ppm (control) 0400 ppm 8800 ppm ®1,200 ppm

Fig. 2. Effect of addition level of green tea extract on the pH
value in kimchi-fermented sausages during ripening.
Values are means+SD. **Different letters indicate signifi-
cant differences among treatments within the same ripen-
ing time (p<0.05). A“Different letters indicate significant
differences among ripening times within the same treat-
ment (p<0.05).
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ol BE 47T & YEA] &gt (p>0.05). LHt
Aoz WE AAR| 9 pHE SA4 X7] ZAHHES] W

Ago] o3 Bako] WA QY17 Bk Fowv
(Licke, 1994), 015 e} 17kl I3 gake] 2o} vl
Age] Bl 23] A8l o3 ejol=, ofujay, ot
Hujote] Ago= sl AlEHow F7hE=H (Klettner
and List, 1978; Liicke, 1998), o]} &2 <4 5 pHe 7+
&Y 7 e B ARATNE FYaA Uehte.
W, 7 912 o) SUSTT AnaEc. ST T ads
ZolA 7V FR8 sheb sk pHe| 7ol olele
Ol M) p} ME AR Shel A2 wEd F
wlo) Ak ofje, fra) HlaEe] Al v Fas)
7] Wl E-o]thLiicke, 1994). £3], 18°C o]dol|A] W& A] pH
7F 5.3 vjuto 2 GA|7F Woll HojHokx|9t Salmonellae 2
Staphylococcus aureus$t -2 BAAR AFH5dE5S 9A
3+ 4= 212 (Schillinger and Liicke, 1989), pH”’} 5.0 1]
Hd 9 Ao WhE AR A S Py A
©2 f§A& 4 AH(Leistner and Rodel, 1975). && A
AR B3 oA AFESollA olgo WA AR A
¢ AZ <4 28Ul pH 5.62-5.73(Comi et al., 2005), Bl
7] Ba AARQ] A FHFE 54 309 pH 4.72-4.82
(Hampikyan and Ugur, 2007)Z EoXtha Hu g vk
W, E A9 A dE AAAE 174X pH 4.92-
49302 HolH-g Wyl opz}, 3] pH 4.30-4.332
2 "ol T2 F7{o B AAR S Hlg) vYESH
2 ] bdshH, X7 WE AAA]9] starter culture
ZA o5 Attty waEt). B3 Bozkurt(2006)01 A
£ 52} 2229 W} 3E 2479 54 F phel 3
e vlAA Easit 2 QA7 FYabA wy
Rk, olela olfe w3 22w Wt Akl A
Aol JB 37 Role] BE A 7B 2AGT) 5
SIS, B Ol <13 R 2AA0] FHHE B
o ke AT SAY) o Arw.

o

TBARS &2k |

X @E 2A1A ] TBARS $H(Fig. 3)S %0417
0.50-0.51 mg MA/kg sausageol| A ©]|F R|&ZF o7 Zr|s}
o] (p<0.05) FH=F 6dA o= 0r17Fe] F 6-128121 2.89-6.03
mg MA/kg sausage®] 2 YERIIT} SRR =3} F
59| 7kl g8l A4 17TARARE foFes v
TBARS $H-2 YEPH A0 H (p<0.05), 37F 20| S7F
Sholl Wt o W S Btk 53], 1,200 ppm H7}
T B9 7P 2 FgEs Uehien, 4 6dAol
= HEF(Oppm H7FH)el BIs)] oF 28j2 e FES
B3t FAl v 7SS vlawA] 71 =2 TBARS
AAHS YR ATHp<0.05). 9 ofd2} 800 ppm 7t
T-°] TBARS k& ZHE 640l 3.12 mg MA/kg sausage

e}

-

aA

o

w

TBARS (mg MA/kg sausage)
™ ~

—

aD aD aD aD

Oh

o

Ripening time

00 ppm (control) 2400 ppm @800 ppm ®1,200 ppm

Fig. 3. Effect of addition level of green tea extract on the
TBARS content in kimchi-fermented sausages during
ripening. Values are means+SD. ““Different letters indi-
cate significant differences among treatments within the
same ripening time (p<0.05). A“Different letters indicate
significant differences among ripening times within the
same treatment (p<0.05).

= 3.52mg MA/kg sausageSl 400 ppm FH7}HT} 5213
o7 YA YETHp<0.05). BE AR 259 7L
9o T SR, =2 AW I 2 dE 25 5
A|uk4ksbr} ke 2R %)™ (Degenhart, 1988; Kanner ef al.,
1991; Stahnke, 1995), §3], &0l 23 ¥ pHe &5
lipase®] 845 F7HAIA AP 28lE FXIAZITH(Toldra,
1992). webA] WA AR 9] Froll et wieh 243 A
Z FAo] =27 wiel, AikslEe] o] dEtA|A
Hoh g o® B4 9 iy UE AR A
0.04-0.30 mg MA/kg sausage(Zanardi et al., 2004), U] 2t
= kg 2A1A9] A9 9F 0.5-1.0 mg MA/kg sausage(Pelser
et al., 2007), B17) W& 2A1A]e] 79 ok 0.9 mg MA/Kg
sausage(Bozkurt, 2006) 2] TBARSS &-7-3F vhH, &
Ao 72 g A= olERT EASH 2 TBARS
E gfakct o=o] dha AAR| o] 71X dE &4
e Hlg w4 AslES A olfe A
=3l ksl a9E 7HR FAk, ok, 5 A
ascorbic acid, 2|7} £ T H/HIES A=l
£307] WiEolH, o] AVMEES AR HE AAAY A
Z Aol H7isheba 2 @Ak AAlE o £
FAY AFS AT F JE A= AlmsdY. $H,
Bozkurt(2006)2] AT WE SR 53} FE2E5S
A71s o, B AP A9} 3UH 54 5 TBARSS
A7k HnEIRlon), ol ol A FERIE 2
H3t free radical A, F40] S8 2 S-S 7
A catechin, epicatechin, epigallocatechin, epigallocatechin
gallate, gallocatechin gallate, gallic acid’} S50 7]
W) 50| ChPark er al., 2009).

Mz dlm
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Fig. 4. Effect of addition level of green tea extract on the
color in kimchi-fermented sausages during ripening.
Values are means+SD. ““Different letters indicate signifi-
cant differences among treatments within the same ripen-
ing time (p<0.05). ~“Different letters indicate significant
differences among ripening times within the same treat-
ment (p<0.05).

AX) g AN A9 WL Fig. 4 <4 oA 17
TRl 48.03-48.739] S YERARI O, 3R dl=
51.52-51.869] o2 S718FH 2 H (p<0.05), HE 6UA)
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Fig. 5. Effect of addition level of green tea extract on the
aroma pattern in kimchi-fermented sausages during
ripening.
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