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Characteristics of Cabbage Juice Fermented by Lactic Acid Bacteria from Kimchi
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Abstract

The objective of this study was to determine the quality characteristics of cabbage juice fermented by lactic acid bacteria
from Kimchi (Leuconostoc mesenteroides, Lactobacillus sakei SL.1103, Lactobacillus plantarum LS5, and mixed starter).
Cabbage juice was inoculated with lactic acid bacteria and fermented at 30 for 72 hrs. Changes in lactic acid bacteria
number, pH, titratable acidity, Brix, and color during fermentation were analyzed. After fermentation for 24 hrs, cabbage
juice fermented by mixed starter showed the highest number of lactic acid bacteria (9.45 log CFU/mL). The pH of all
cabbage juice also decreased to 3.88~4.19 sharply, while cabbage juice fermented by Lac. sakei SL1103 showed the
highest Brix (8.38°Bx). Cabbage juice fermented by mixed starter showed the highest L value (56.83). In the sensory
evaluation, cabbage juice fermented by a mixed starter (Leu. mesenteroides, Lac. sakei SL.1103, and Lac. plantarum LSb)
showed the highest preferences in taste, flavor, and overall acceptability. Therefore, cabbage juice fermented by mixed
starter (Leu. mesenteroides, Lac. sakei SL.1103 and Lac. plantarum LS5) has the highest potential for the development of
fermented cabbage juice as an excellent bioactive functional food.

Key Words: Cabbage juice, lactic acid bacteria, Kimchi, sensory evaluation

1. A

rhu

Probiotics FUPA =2 #3S dste] &S50l 717347
frels = AolSlE AER Aolstal Ath(Fuller 1989).
) F-& probiotics B[R EELS Lac. plantarum, Lac. casei,
Lac. acidophilus, Strep. lacticsSt 732 &+t th(Sindhu
& Khetarpaul 2001). 2]l probioticsE H7} Al SA =
ZHIES] A, 77150 S31, WAAA P gl
AAE Zol= ZoE BuEI JrkYoon 2006). Fx|o]
& %719 heterod F4tet? Leu. mesenteroides?t pH #
st FE3IL COE At 714 Aol S48 A
staL g 719 Lac. plantarume] 7AX] &gl Tosich
(Mheen & Kwon 1984).

5= (cabbage, Brassicaoleracea L= AHAKS} 7ol &3}
= T dfAke] EE2A A= AT At el ofAJof
olty. FF= AT 71 Qe A=EA AAA
de] o] 85 thPark 5 2006). FuiFe] Y-S I

T opr|=Ail 2holal, B4 AR BlEalih, a8 g
F3kE Fole 2EHo] Bol shHrEo] Jlown, HARE
= HIEN] C ¥ ol HE] A ¥ Bit® Bo] FiE o]
ATHOwen 1996; Kim 5 1999). A 5714 Bl ¥
o] g0l & dY, AAY Ay 2 X, =shx], it
sl &3, AY7|5 s}, g A, 7]Er 95 o
o] 3t 9ol HAE thOwen 1996). 53] Yl
ol HAAY EeS Ueilie 4T S-methyl
methionine®] =0} A=t ol= HIEF UZ L&A 9
THOwen 1996; & 5 2004; Park 5 2006).

2184 AEE o]gsle] TASEE AxE] Y3 A+
= 922 952 3 Bifidobacteriums W Fste] Ha S
FE Axshs W (Park T 1997), 24t B8 FFE AR
3ol ETASE AZR= 1 (Kim & Choi 2002), 54+
2] EFh] 9%k wF wa-g5e] A|ZJin 5 2001), 4
XA Leu. mesenteroides KACC 91495P 52| E&] 2
o] o]&3l v} WEE] AW (In 5 2010), Ax| At
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Aol = XA E2lsE #55 o838t S
Fo YEEAS sl HAe dadTE Hosto] W
B Gl F Az 7ZAEE o]&starat gt
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1. AR TF

1a lF F AxRE SlE AR d e 2 A7
oA AXZHE Fe|gt Leu mesenteroides, Lac. sakei
SL1103, Lac. plantarum LS5 A3t o€ d4F%
Lactobacilli MRS broth(Difco) 5mLell ©]2]3F 3 37°Co]
A 2047w et & 3 g YRS F AlE A starter® ARE-
SIS th<Table 1>.

2. 25 Q% B2l KB
2 A0 AHgR PlEE AR SEES)A T
PFEE TA] 4 A Aol AFgIT.

3. UE S Fo| M=EH

HIF(500 g)= T4 Y 22(HR-1861, Philips)E F2 3L
200 mesh Ao AejA FlF F& AzxzsATh FF F
100 mLZ 90°C2] water bathollA] 158 &<t S8615L 40°C
2 28l F Leu. mesenteroides, Lac. sakei SL1103, Lac.
plantarum LS5E @5 T 553 &2 &3l ZH7+
2mL(2F 10" CFUmML)E 7}s+ & 30°CllA] 72417 EA]
A E PlF FS Az

F & AEN 0.1 mLE 0.9mLe] H#2H5ell
o= A&t 4" A8 0.1 mLE AP
Lactobacilli MRS Agar(Difco)s AF&-3le] 37°Col|A] 48
7k vl 3 colony=S A3t

g oPlF & 50l S/ 10mLE 718k stirrers AF
&3lo] @23} A7 & pH meter(Thermo orion, USA)Z

2y PF F 10l SFF 10mLs 7k 01N

<Table 1> The type of starter

Starter
LM Leuconostoc mesenteroides
LS Lactobacillus sakei SL1103
LP Lactobacillus plantarum 1S5

Leuconostoc mesenteroides + Lactobacillus

+LS+
LMHLSHLP sakeiSL1103 + Lactobacillus plantarumLS5

NaOH = pH 8.1°] 2 wj7}4] 2% ¥ NaOH §Ho2 &

o mLE 24sle] AHEE ARSI,

2R (%)=(0.1 N NaOH (mL)*0.1 N NaOH factor
x0.009x 100)/A] 5 F(mL)

— Hunter Colormeter(Color Techno System Co.,
Japan)E ©l&siM E FlF 59 L, a, bE 4 AR
o 33 W SYsn.

6) 5k

30°ColA 2427 aAZ] wg hlS FE 4°Ce] ¥
SLoflA] 24417 FRF A 5 s 50 St o= A
ot ), 287, A AewE 74 == 3

o), 7=il$- Erho 24aid.

5. SAIXME|

EE AYe 33 WA s om SAS 9.28 ARS-SH
o] 5A Agsidnt. zF Algel et 3he HF+ RFHAE
e BAIA fe/dS ANOVAY olated 7l 3kl
om Y7k F22d-2 duncan’s multiple-range tests ©]
83t p<0.05 =X A3

o
o

=

=
Hle} 74o] Lac. sakei SL1103% @3k o5
F2 AQF BE G Fo| WE 48417 7K F7lslth
|7bell 7484 T}, Lac. sakei SL1103E &
72217k 932 log CFU/MLE #A| VERsith 2ha 24417
e BE @75 T M A2 PMF Fol 945 log
A} =

AlZ1 R Fo] 7.00 log CFUMLE 7P 9] Vbt
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<Table 2> Number of lactic acid bacteria (log CFU/mL) of cabbage juice during 72 hrs fermentation at 30°C ~ MeantSD
Fermentation time Starter Fvalue
(hr) LM" LS? LPY LM+LS+LP
C C D, b C a C a 68.58
0 6.04+0.06 6.16+£0.02 6.46+0.02 6.37+0.02 (p=0.0007)
24 B8.40+0.05° ©7.000.00¢ 59.00+0.07° £9.45+0.01* (p1<203 363;1)
48 8.68+0.04° B8.1120.00° A9.45+0.03° 49.4620.04° (pz(l)%(z)gl)
72 58.37+0.04¢ 49.32+0.03° 5 9.08+0.10° 59.36+0.01° (pi (5)96(2)(7)1)
Fvalue 1334.94 10851.6 2283.05 7764.63
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)
DLM: Leuconostocmesenteroides
ILS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum 1S5
ABCLDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
<Table 3> Changes in pH of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter Fovalue
(hr) LMD LS? LP? LM+LS+LP
A a A b A d A c 108.59
0 6.40+0.01 6.33+0.01 6.14+0.02 6.28+0.01 (p=0.0003)
B a B a B b B c 132.89
24 4.19+0.01 4.18+0.01 4.02+0.02 3.94+0.01 (p=0.0002)
48 €3.97+0.02° €3.94£0.01° €3.59+0.01° 3,67+0.01° (pi?)odggn
72 P3.87+0.01* P3.86+0.01° D3 40+0.01° D3.4420.01° (p1<503 (])69051)
Fovalue 19278.6 17053.8 11062.1 277932
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)

DLM: Leuconostoc mesenteroides
ILS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum LS5

AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.

g /AR BE #5E
946 log CFUMLZ 7}%
SL11035 W Azl log CFU/mLZ

7P @A vebst lal Sl 72"]2}0115 BEAdTE E
FoujeF A7l e Fo] 945 log CFUmMLE 7 =4
YERAIL, Leu. mesenteroidesZ Ba A7) a5 Fol 837
log CFUmMLE 7P vt ettt e & 43 A3
55 &5 FAZ FlF Fol el BRE 455 £

HjeF A1 GulE Fol B 2 ASehe ZeR AlgE o
= 53] Lac. plantarum 1LS50] Y& &5 vlg] §4F A
Aol Fi £ MG A & ASshke AoE Alsdh

Yoon(2006) 5= Lac. casei, Lac. delbrueckii} Lac. plantarum

=z 2=

O F wE ATl FF F2E 30°ColA 72417 HE
slod 24A17F ZHAC R SASATH T T2 R 244
¥l Lac. casei, Lac. delbrueckiiz Lac. plantarum-s
6.3x10® CFU/mL, 7.6x10® CFU/mL, 7.7x10* CFU/mLZ %
7hepsicth. eyt 2 Aol ARE-gE AX| oA 2] g Lac.
plantarum LS5 24417 & Al 9.00 log CFU/mLO]AAL

T o5 E55] vl Al 9.45 log CFU/MLE 304
Fo] gg) AT T = 7 probiotic® = Af

[e]

__Ii___
=t

59ke] pHE <Table 3>]
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<Table 4> Changes in titratable acidity (%) of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter
F-value
(hr) LMD LS? LP? LM+LS+LP
5.71
P0. 11+ €0.13+0. P0.160. P0.12=0.
0 0.11+0.00 0.13+0.01 0.16+0.00 0.12+0.01 (p=0.0628)
. 289.52
¢ b B().5740 00P €0.7510 00 ¢ a
24 0.50+0.00 0.52+0.00 0.75+0.00 0.73+0.00 (p<0.0001)
48 50.62+0.03° 40.68+0.01° 50.91+0.04* 50.83+0.03* 45.39
(p=0.0015)
401.46
A 7340). b A X .00° A . 01° A .00+0.012
72 0.73+0.00 0.70+0.00 1.00+0.01 1.00+0.01 (p<0.0001)
Fovalue 18271.5 14344.6 130190 17347.6
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)
DLM: Leuconostocmesenteroides
ILS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum LS5
AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
<Table 5> Changes in °Brix of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter
F-value
(hr) LMD LS? LPY LM+LS+LP
0 ©7.73+0.04° 58.03+0.04° 58.02:0.05° 58.03+0.04° 2842
(p=0.0037)
24 A8.07+0.05¢ A8.37+0.02° A8.33+0.04% A8.23+0.04° 2647
(p=0.0042)
48 ABg 03+0.04 B8.01+0.04 Bg.07+0.02 Bg.00+£0.07 P08
(p=0.5234)
72 57.97+0.02° 57.97+0.02° ©7.630.04° 57.93+0.04° 63.61
(p=0.0008)
Fvalue 45.76 80.55 123.69 15.00
(p=0.0015) (p=0.0005) (p=0.0002) (p=0.0121)

DLM: Leuconostoc mesenteroides
2LS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum 1S5

AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.

=

A B ulel 7o) pHE RE W Gl FollA 244777k
A FABHA Astelthrt 4841710l $HsiAl A sletal o,
A7 7 B pHE UERIITE TE 2447l =
3.94~4.19¢] WHAZ YEPGT Jang 5(2002)2 Lee 5
(1972) 3H=919] 7|50 g Aol f5Ea e 2AF
289 pH7} 3.9~4.28H= Rt wabd B Ao
g 2447000 3.94~4.19¢] RIS FAIStAL A7l i
9 AA AGATHS 2447b0] HHE Aoz AlEHL

=2 =

AFE = <Table 4>

Eizdcd reins 24 de)

7roll 7P =A 2 ST T 0~k 0.11~0.16%
ol wg 24x7bol 0.50~0.75%, LE 48X 7+l 0.62~
0.91%, =& 72A17k14 0.70~1.00%% YERsth 2a 77
59t Lac. plantarum LS5Z a7 S F2 o+
TE EFstd SaAF hiF Fo ATt 7P =4 o
ettt Wb Lac. plantarum LS5 ¢ R 45 &%
HIEAIZ F7F A B0l w2 Ao 2 AlsET

o=

-

4. 45 11N = QHllFE &2 2

Gl F2] 72717 HaT|7 B9t Y= <Table 5014
Hi ule} o] Wby A ZMl MR wa 241700 F71s}
o7t g 72417k AT a or7kl= 7.73~8.03
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<Table 6> Changes in Hunter color L values of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter
F-value
(hr) LMV LS? LPY LM+LS+LP
113.11
D o a D + c C x a D b
0 56.35+0.03 55.64+0.04 56.32+0.07 56.19+0.03 (p=0.0003)
24 €56.46+0.02° €56.21+0.02¢ B56.73£0.01° €56.83+0.012 489.74
(p<0.0001)
2967.56
B +(). c B 91+0. d A 60+0. b A . 14+0. a
48 57.37+0.03 56.91+0.03 58.60+0.04 59.14+0.01 (p<0.0001)
72 A58.40+0.01° A57.50+0.01¢ A58.62+0.01° B58.52+0.01° 6080.14
(p<0.0001)
Fovalue 3455.52 2068.88 1772.90 13954.5
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)

DLM: Leuconostoc mesenteroides
PLS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum LS5

AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.

°Bx2] HLIZ el 4 2447kl = 8.07~8.37°Bx2]
HAE Yelsith 2E 484 7k= 8.00~8.07°Bxe] MR
UElos, g 72A17b0E 7.63~7.97°Bxe] 912 UL
Ch 2 48A7HS A|9e BE Ao BE oA
FolAQl Zfol& e &g 2447 dullF Fo I
£ Lac. sakei SL11037} 838BxzZ 7Md =% Leu.
mesenteroides= 8.07°BxZ Y3kth Kim & Choi(2002)=
Ak, B, Adele], Erve], e, IR s £
3ty Leu. mesenteroides M5-17, Lactococus lactic M30-
11, Lac. cellbiosus Y30-15 25 F 99 &< Fa 3k
o 9Y 7F wgshe B9 3 AU &2 JAFe ©
Ev 7.1-84°Bx2 & UERTE o= £ A8 A} fAlet
F=E YEMIRITH B FEE g2t JAES w8 3
Aol FsHARE A A3 AAAR] ASeE 15, 20, 10,
25, 30, 0% 7 £ 2 YEEeH, 15, 20%4] FEe
18~20.5°Bx= ©5ke A Eshe AFe] GEe 18~20.5°Bx%
APRETE ey 2 Apolae Pl & dael HA e

FFE SISk B2 WK elob Bsh vhl ek,

o
=

2= Zo] An= wlalAe]l gk AT E Yehls Ze
L#k(lightness), #2219 =5 YeRll= 22 agl(redness),
Ao A S YERE —atk(greenness), =dA o] H=&
UeEl= A2 bak(yellowness), F2X9] AEE YeR)=
—b%t(blueness)>- = LEFATE

FF Fo TRIIZ Fo B2 AEE Yeple Lk
<Table 6>°l4] E+= niel ko] Wy 0ol 55.64~56.3591%1
I g 24A 7kl 56.21~56.83, WA 48417k 5691~
59.14, W& 72N 7kl 57.50~58.622 Z7VeIth. 24478 &

BAZ Pl F FFE 7] AolE RY BRE 455
3 ujdAZ] Sl F9) Lako] 56.832.2 7P =k,
Lac. plantarum 1S5(56.73), Lac. sakei SL1103(56.21),
Leu. mesenteroides(56.46) =°|{th. a Sl F< Lt
S fANE ol HRE S LS g9 S1ERE o)
Z7kehe 78S YERtth Yang(2009)S Gu)S3 Eo-S 3
71ek d7iwe] EAEAS dolrged, HlF EHe] L
e 6592 E Aol g opFFol vl =2 e U
BTt g 7|7 B9t 2549 A UEill= —aghk
<Table 7>0A] Hi= v} o] g 0dol| &3 #5+= 429,
Lac. sakei SL1103% —4.76°|1t}. 2447+ adhe 52t
gk ol W feolAde UERR] (it whg ol
ol 72717 washe Bt —afke BE d5E &5 )
U7l i F(-3.24), Lac. sakei SL1103(=3.35), Lac.
plantarum 1.S5(-3.88), Leu. mesenteroides(—4.55) 2.2
frojdo] et ole dlFTE M ARA F2 FE
Al o] F22d AAE Sslal 7] wlEel] il
FE 7HE9E W Jehhs SA0EA QHELEIS] wiao]
Aoz Holxe Ayt SRz g o3 Hilre
HAlo] =7k 0 2 WSIFHo M agho] FUEE ZOE B
T3FAL ATHO] 5 2008; Yang 2009). =@ Mo HA=E
ERll= bik2 <Table 804 B vie} Zo] RE &g
i F9] bgke 7.43~8.75904 T2A17F wrEstE F
10.57~12.112 F7}8l9th. o= bate] A% agtellA A
Sk upe} ho] QulFo] QtEAMIN F22 AT} 7HE
ola] biko] EoAlE Ao HIEI gJtK(Yang 2009).
g G FollM= Kol oJste] b Fhel EoRlE A 2
7178 F3t bakel F7tele 2o AlsEnt

o2 ©

o
o

od o

=

rlo- fot
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<Table 7> Changes in Hunter color a values of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter
F-value
(hr) LM" LS? LP? LM+LS+LP
474.74
D_ +0). b C_ 76+0.01¢ 4. .02° B_, 29+0.01°
0 4.63+0.01 4.76+0.01 4.32+0.02 4.29+0.01 (p<0.0001)
. 0.40
B_4 3440 .01¢ C_ d 4514068 B_4 914007
24 4.3440.01 4.5440.01 4.5140.68 4.2140.07 (p=0.7608)
500.24
A_ +0.03¢ B_ 86+0. b 3. ] b A_ 31+0. a
48 4.18+0.03 3.86+0.04 3.90+0.01 3.31+0.01 (p<0.0001)
1435.87
€.4.55+0.01¢ A.3.35+0.03° -3.8840.01° A.3.2420.03°
72 4.55+0.01 3.35+0.03 3.88+0.01 3.24+0.03 (p<0.0001)
Fvalue 237.90 1523.19 1.70 423.50
(p<0.0001) (P<0.0001) (p=0.3032) (p<0.0001)
DLM: Leuconostoc mesenteroides
ILS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum LS5
AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
<Table 8> Changes in Hunter color b values of cabbage juice during 72 hrs fermentation at 30°C Mean+SD
Fermentation time Starter
F-value
(hr) LMD LS? LPY LM+LS+LP
2228.49
B d CQ 0440 01¢ Dg 7510 01° D 7440 (00
0 7.43+0.01 8.04+0.01 8.25+0.01 8.74+0.02 (<0001
. . 2810.76
B d B b C & c C a
24 7.42+0.03 8.40+0.01 8.354+0.02 9.20+0.01 (p<0.0001)
13377.0
C7 1840 03¢ Dg 75.40.03¢ BQ 3340 (2P B 10012
48 7.18+0.03 6.75+0.03 9.33+0.02 10.91£0.01 (p<0.0001)
. 1922.84
A 4 d A o c A 4 b A 4 a
72 10.57+0.04 10.88+0.01 11.2240.01 12.11£0.01 (p<0.0001)
Fvalue 6841.02 17042.4 11693.6 21638.0
(p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)

DLM: Leuconostoc mesenteroides
2LS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum 1S5

AB.CDMeans in a column followed by different superscripts are significantly different at the p<0.05 level.
abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.

6. LS QHlF= Ze

30°C°ﬂ/\1 24~

e
03 A, g, Fm,
NEEZ 77 7§.EH( =mj|&- ;\11;]_ 7= —Z—E]-)_
SFATh. <Table 9>0ll4] B wpe} FFo] Wy g5
, F, ARl Aol felido] vkt A
BE 455 &3t 2arzl s Fol 4.41, Lac.
plantarum LS5 4.52, Lac. sakei SL1103 4.28, Leu.
mesenteroides 3.93Z 5ol 2 o2 YERA] 2%k
o} Bk BE 775 EF LaAR il Fol 4152 7t
A JEeRte ™, Lac. plantarum 1852 2482 717 o
Al vepsder, FrjellMe BE #55 £ dRAIR Rl

%
E

2 oy

-

N 2L o
T,
2

[ l‘lo JIN'
SE, o2

.
l

H
:

Fo] 3. 722 7P =4 YEPE LY, Lac. sakei SL1103E
2.87% 7P GA vEbstTh 227X 75
HaAzl gulF Fol 439, Lac. plantarum LS5 3.74,
Lac. sakei SL1103 4.15, Leu. mesenteroides 3.80°2-2
o me folde UERIA ehgktk, kel As el
HE 455 % 28X RlF Fol 4152 7P =8k

- o=
- 3

ST A=
Lac. plantarum LSS5 2.57, Lac. sakei SL1103 3.11, Leu.
mesenteroides 3.15%2 St 2 A3 A3 kg Ohjﬂ“_zr =
g Az A FFE B WYshe AuT TE 25

&35l A 23 S ZFo] AEAAA AurE ) /,\jz
7} 7K 9kor] g} FrlPE e wEel vs) A

3T AN
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<Table 9> Sensory scores* of fermentedcabbage juice prepared by different type of starter fermentation and storage at 4°C for 24 hrs

Mean+SD
Starter
Sensmjy . F-value
Characteristics LMY LS? LP? LM+LS+LP
1.81
93+£1. 28], D2+]. A41+1.
Color 3.93+1.34 428+1.22 4.52+1.22 441+1.34 (p=0.1462)
Taste 3.334+1.45° 3.0444.50° 2.48+1.15° 4.15+1.89° 969
(p<0.0001)
Flavor 3.41+1.56® 2.87+1.17° 3.07+1.20° 3.72+1.67° 324
’ ’ ’ ’ (p=0.0235)
Texture 3.80+1.45 4.15+£1.19 3.74+1.34 4.39+1.44 2.33
. . . . . . . . (p=0.0763)
Overall acceptability 3.15+1.46 3.111.10° 2.57+1.15° 4.15+1.75% 10.42
(p<0.0001)

DLM: Leuconostoc mesenteroides
PLS: Lactobacillus sakei SL1103
SLP: Lactobacillus plantarum LS5

abedMeans in a row followed by different superscripts are significantly different at the p<0.05 level.

*1=dislike extremely, 7=like extremely
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