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< SUMMARY >

| ZEWE \ D-02

O Purpose: Development of high quality low-salted Kimchi whose salinity is
1.2% using NaCl substitutes and salty taste enhancer mixture

O Research contents

- Setting up CRT of NaCl level added to Kimchi considering consumer
acceptability.

- Setting up addition level of NaCl substitute and salty taste enhancer

Purpose& considering effects of enhancing salty taste and consumer acceptability
Contents - Investigation of salty taste enhancer originated from Kimchi and related

strain

- Development of scale-up model for salty taste enhancer

- Quality evaluation of low-salted Kimchi differing in NaCl substitute/salty
taste enhancer concentrations

- Development or scale-up model for high quality low-salted Kimchi

- Investigation of factors which cause consumer acceptability of low-salted
Kimchi

O Development of salty taste enhancer originated from Kimci

- Investigation of strains related producing compounds which can contribute
to salty taste enhancement and selection of the best strain at salty taste
enhancement effect

- Development of ferment and establishment of manufacturing standards
using selected lactic acid bacteria originated from Kimchi

- Safety assurance of ferment (pathogenic microorganism identification)

- Conduction of pilot-test for scale-up of ferment

- Development of recipe for scale-up and establishment of process

O Development of high quality low-salted Kimchi using NaCl substitute

- Development of Kimchi model for finding a way to reduce NaCl of Kimchi

- Investigation of CRT of NaCl level added to Kimchi

Results - Development of low-salted Kimchi differing in NaCl/NaCl substitute

concentrations
- Investigation of factors which cause and hinder consumer acceptability of
low-salted Kimchi and proposal of development direction

O Development of high quality low-salted Kimchi whose salinity is 1.2%
using NaCl substitutes and ferment mixture

- Setting up the best addition level of ferment

- Development of the best recipe of low-salted Kimchi added NaCl
substitute(KCl) and ferment

— Evaluation of sensory attributes of low-salted Kimchi and Investigation of
factors which cause consumer acceptability

- Conducting pilot test low—salted Kimchi

- Development of recipe for scale—-up of low-salted Kimchi and
establishment of process




O Development of reducing salt technique model that can be applied to food

O Development of NaCl substitute and new salty taste enhancer originated
from microorganisms and proposal of application process

Expected . .
p. . O Proposal of the way how to reduce salt practically using sensory
Contribution )
evaluation
O Development and commercialization of high quality low-salted Kimci
O Contribution of national health improvement by reducing salt of Kimch
. Saltiness—enh
Low-sodium . NaCl Consumer Sensory
Keywords . . ancer derived . .o
Kimchi replacer acceptability | characteristics

from Kimchi
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Table 1. Ingredient of 10 kind of kimchi.

Image

Name

Company

Ingredient

Dongwon

salted cabbage 70.0%l[cabbage 98%, salt 2%], white radish,
red pepper, ripe persimmon, garlic, salted shrimp, pear
puree, onion, korean-leek, rice paste, ginger, green onion,
anchovy sauce, tuna sauce, Kelp extract, lactobacillus culture
medium

salted cabbage 69.3%[cabbage 98%, salt], white radish, rice
paste, salted shrimp sauce, red pepper, garlic, korean—leek,
onion, green  onion, ginger, lactobacillus  culture
medium(Leuconostoc citrium), Green plum

salted cabbage 62.8%[cabbage], white radish, onion, red
pepper, garlic, anchovy sauce, kelp extract, rice paste,
korean-leek, green onion, salted shrimp sauce, ginger

Daesang

salted cabbage 69.6%l[cabbage 98%, salt 2%], white radish,
rice paste, garlic, red pepper, korean-leek, anchovy sauce,
kelp extract, green onion, salted shrimp sauce, lactobacillus

fermentation liquor(Leuconostoc DRC0211), onion, ginger,
salt

Dongwon

salted cabbage 67.00%[cabbage 98.00%, salt 2.00%] white
radish, red pepper, garlic, korean-leek, onion, green onion,
water, salted shrimp sauce, kelp extract, pear puree,
anchovy sauce, ginger, tuna sauce

Pulmuwon

salted cabbage 75.0%[cabbage 98%, salt], white radish, rice
paste, anchovy sauce, hairtail sauce, yellow cornina sauce,
garlic, red pepper , onion, green onion, red pepper, sugar,
korean-leek, ginger, sesame, anchovy powder, Kimchi
lactobacillus, salt

Pulmuwon

salted cabbage 65.5%[cabbage 98%, salt], white radish, rice
paste, onion, red pepper, garlic, green onion, salted shrimp,
korean-leek, anchovy sauce, red pepper, sugar, ginger,
anchovy powder, Kimchi lactobacillus, salt

Haneul

nongsan

salted cabbage 68%][cabbage 98%, salt 2%], white radish,
red pepper, garlic, rice paste, green onion, Kkorean-leek,
anchovy sauce, salted shrimp, brothlkelp, onion, white
radish, green onion, shiitake, water]l, kelp base, sugar,
ginger, lactobacillus culture medium, guar gum

-

7]

A1)

Ourhome

cabbage 75.60% , white radish, kimchi sauce, onion, green
onion, garlic, red pepper, rice paste, salted shrimp sauce, red
pepper, water, sand lance sauce, ginger, sugar, L-sodium
glutamate, salt, Enzymatically Modified Stevia Glucosyl
Stevia

b

o
°
S

Ourhome

cabbage 75.60% , white radish, kimchi sauce, onion, green
onion, garlic, red pepper, rice paste, salted shrimp sauce, red
pepper, water, sand lance sauce, ginger, sugar, L-sodium
glutamate, salt, Enzymatically Modified Stevia Glucosyl
Stevia
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1t h 3T
o o] ¥ 3bgH ARHAL AR B/ A 42 AF F A= 2o B(22:20)7
e

b
ARl 7sks= 9% g5 7
[©)

2% A= (1 vie A4 5 45 &A% 8t 9;

THHE AR&sileow, gut wiest, dst st Ad T ARl Ajtes
Just-About-Right (JAR) &% =7k A&H9th (I3 YT oFait), 5 493tk (JAR), 9
yi Zstth). g Al ddte] EE SAS 37 § UeAIEE W 7SS monadic
2 Agsach & AR BE 54 W T, gASUES B ANE adA @
7 ol4g ARES g MRS sdon the AR 97k A Asd 1nte 3A F
AL ZAEE sl ol AR 9F JFS Hasbeksiv

Table 2. Sensory evaluation of kimchi

A B D E F J

Overall liking 475 5.13 4.63 4.13 4.25 413

Saltiness JAR 4.13a 4.88ab 5.13ab 5.75b 5.38ab 5.50ab

Spiciness JAR 513 4.25 5.63 6.00 4.88 5.63

Sweetness JAR 4.63a 6.25b 4.00a 450a 3.63a 6.88b

Umami JAR 4.50ab 4.83ab 4.25a 5.00ab 4.13a 6.13b

Fish-sauce

flavor JAR 513 450 5.63 5.88 4.38 5.63

Bold mean means the attribute is sigcificantly different with JAR scale(5 score)
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Table 3. Cas number and Flavour base of Key componenten

Key component

1
Cas number”

Description Flavour base

Odor or rotting cabbage, Cheesy,

Methanethiol 74-93-1 Vegetative, Meaty

Ethanol 64-17-5 Sweet, ethereal (alcoholic) odor

Propene sulfide 1072-43-1 not found

1-propene, 3-(methylthio)- 10152-76-8 Sulfurous, Garlic, Onion notes

Dmds 624-92-0 Strong onion, cabbage-like odor

Acetic acid 64-19-7 Strong, pungent, sour, vinegar odor with
sour, acid taste

Allyl sulfide 592-88-1 Sweet, pungent, garlic-horseradish like

TCP internal stadard

Disulfide, methyl, 2-propenyl o179-58-0  Towertul, sulfurous odor, cooked
garlic-onion notes

Disulfide, di-2-propenyl 2179-57-9 Strong, pungent, Garlic odor and taste

Allyl isopropyl disulfide 67421-85-6 not found

Allyl methyl trisulfide 34135-85-8 Powerful onion-garlic odor and taste

Benzenepropanenitrile 645-59-0 not found

Trisulfide, di-2-propenyl 2050-87-5 Strong onion-garlic odor and taste

D Chemical abstracts service number, #|= 3333 ox] 243 3FE TE Hs
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Figure 3. Sugars and organic acids in Kimchi samples.
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4 5-dimethyl-3-hydroxy - 2(5H)-furanone

Arginine,

Succinic  acid,

Glutamic acid,

2l

1-0-B

acid

(S)-malic

2-Methyl-3-Tetrahydrofuranthiol,

thiol,
-D-glucopyranoside, 3-methyl butanal ¢ 843 o] i},

Furfuryl

(sotolon),
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Table 4. Strains of lactic acid bacteria related to Salty taste enhancer

Akt 54
Leuconostoc mesenteroides A, da z7]
Leuconostoc citreum AR, A AA
Leuconostoc kimchi AR, =5 AA
Weisella koreensis HA, AA YL
Weisella cibaria HA, AAYFa
Lactobacillus plantarum Az, wE 57
Lactobacillus sakei HA], F=4E 7]
Lactobacillus brevis AA, A=
Lactobacillus delbrueckii 2| =

@ ol FY FH A

ol Tl A M3yl fFol ubzl tpokel X oA Eyste] HFF 4
NS Qs Ao 2= {AMF Straine Table 59F 2t} o9& HF
«] frAket Straino] 7ol F3skdar, zhze] frAkitS MRS

ot ofy

2 Ygd= NIZOjik 2 F5-3skaith.
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Table 5. Strains of lactic acid bacteria of Ourhome

A & = HE 2 A
1 Leuconostoc ~ mesenteoides  D2-221 A9k W F=7 A
2 Leuconostoc ~ mesenteoides 0-20 Ak w7 %
3 Leuconostoc  mesenteoides J-193 Auk v F=7] %]
4 Leuconostoc  mesenteoides ~ D2-095 A9k W F=7 A
5 Leuconostoc mesenteoides JG-01 G224 wF=1a A
6 Leuconostoc mesenteoides OH-01 A AA
7 Leuconostoc citreum JG-06 S v S A
8 Leuconostoc citreum Y] ARt w S A]
9 Leuconostoc citreum S-02 Auk v F=71 %]
10 Leuconostoc citreum D2-281 Ak W F=7 A
11 Leuconostoc citreum D2-283 Ak w7 A
12 Leuconostoc citreum OH-02 A HA
13 Leuconostoc kimchii D2-224 Ak v F=7 %]
14 Leuconostoc kimchii 0-10 Aut wF=7 A
15 Leuconostoc kimchii D2-027 Auk v =7 %]
16 Weisella koreensis D2-115 Auk v F=71 %]
17 Weisella koreensis D2-332 Ak F=7
18 Weisella koreensis OH-03 A A
19 Weisella cibaria D2-43 Ank v S A]
20 Weisella cibaria D2-120 ARt v F=7 A
21 Weisella cibaria OH-04 A AA
22 Lactobacillus plantarum D2-067 Ak WS A
23 Lactobacillus plantarum OH-05 A9 HA
24 Lactobacillus plantarum MBO-1 w21 %]
25  Lactobacillus brevis SS-25 ARk w37 %]
26  Lactobacillus brevis JG-45 G2 v F=A
27  Lactobacillus sakei D2-212 A9k W=7
28  Lactobacillus sakei OH-06 A A
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. Agl SRA B 24}
(1) ok SAA T A

Aok SXA e AES Sl WAt A A, AukS SXATE 9Y EHY AS AE E
AEHTMERZ Aol Hol A F7] widd M7 Be AFH Asd Sl gk Ak
Aoz AAEo A Fdrh Tk NIZOAA 7 A< fermente] -9 2% &A7F
U, MAES o] &3 BF AL AHE ZH7kE FEo] 7] wiitel wulelA A8 wkgk W
7} wpgsha] ke Aol mEA V|E FIES EUE AU S3A 2 A4 T
7%, A i dRE FHsE o AT WES FAHSA
A FeS B4 A CaCl2e}t sucrose, &2 CaCl2¢} citric acid ¢ £&A A, B-glucan,
A2 L-ofAut2Eqby L-of27|d e EFAA, &2l # (53] maltodextrin)
o] Bk ZXA 2 Aw AAZ 7 Jhedel A FF AT AV E=vha e
O YEF dAA

Table 6. Reference

of NaCl substitutes

==

2]

R =4 =
o theFsk A tiA| A(KCI, K3PO4, CaCl2,
MgCI2)& #7hsk vE dE
o SRl ¥} 38% AW, AAW $-F=E wigtet £3}ES
80 C, 20 &&<t At & FH 4010 T,
24 NS AA NaCl 52 opekgk giAA (K,
K3PO4, CaCl2, MgCI2 )& F7tet Zh7te] &S
Hlal (= HE + 1.0%  NaCl)
1. {1 + 1.0% MSG: vt g & E33t dgho]
oy dE7 AuRT vE, wutd 7k vbol
A v 2
. - - = Venessa Rios de Souza
Ion Salt 2. M + 1.0% KCl g NaCl ot w)sesh Salt equivalence and

(CaCl2, MgCl2

)

Zuto] 9] & :
ATl MAmE temporal dominance of

sensations of different
sodium chloride substitutes
in butter (2013)

3. B E + 1.0% K3PO4: MSG ¢ 9%=7} v]$=
(2R 65-70% W &) Algto] 9l
4. WE + 1.0% MgCl2 &= &5

&

et

ol (X,

channel <
R e
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o 33 1. CaCl2, MgSO4, MgClI2, €]

—11 %] F¥¥ Hdso] 4

0.018M, 0.032M, 0.056M, 0.1M) 5t

-CaCl2, MgS04,
g e

MgCI2 ¢] 7%

-CaCl2 ¢ 74
g (G A

1. CaCl2 ¢ 258t F=elfe] thgk masking = <130
Calcium lactate, Calcium gluconate, Calcium
glycerophosphate &<} ¥} ®]ul

—Calcium lactate &= CaCl2 ol W&l vt w1 »E
gto] AgojH oz oFgt

~Calcium glycerophosphate ¢} gluconate 2] 74 -$-
Aurs A9l BE gho] Aoz ofg

Harry T. Lawless, Frank
Rapacki, John Horne,
April Hayes, Grace Wang,
The Taste of calcium
and magnesium salts and
anionic modifications,(2003)

e CaCl2 ¢+  sucrose, CaCl2 ¢} citric acid & £3<
53k CaCl2 281ke] A 239

1. 0.01 M CaCl2 + 8% sucrose— 2uty} F< 1)
gro] 7h gtA Hrhe

2. 0.03 M CaCl2 + 0.4% citric acid — &4, H| ¢
ot AR o= A% a Auke] A=rF 7
=3k

3. 0.0IM + 8% sucrose+ 0.4% acid — &5t<]
FE7) 2.8 0= vro gAY kel A7k
Rt =5

o Citric acid ¢ thFe] CaCl2 oA &8s

735
o= 285 3
o 52 9] sucrose ¢ acid, 2] (0.03M)citric
acid o1 A CaCl2 9] 212 A4
e acid & E&A+
3l FIAE

9e] 49 CaCl2 9he] o 28E
0] &
o=

Harry T. Lawless, Frank
Rapacki, John Horne,
April Hayes, Grace Wang

The Taste of calcium
chloride in mixtures with
NaCl, sucrose and citric
acid (2004)

Farel AH7HE 25(0.5%)S 36%

N
ol

el = HZE Fol7} gl AL Ba

oo} e FulMatE AT 2WAER
v vaste] guje] WaE ARetA ghu @
ofFoli ZloR 1)
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00.9% NaCl ¢t 0.6%° MgCI2= A glste] Az

2N B A BA B

e n = Ak, &340l Ak ¥ AT, KCl A

8
5
rir
=

gCl2¢] NaCl
|4 2] o] s8]

X by
>

. o YA S AL AR H|F] ¥ SA =2
Porassium | 4 g2 vey a0, 25 BAAN
Lactate7 — ﬁ&%%j’]— 0}—_/_:3__@_]?_}‘\_
Calcium W A7k aF A7k 40068 A BER| L L w0 g
STEIZUA B ETER WAD BB WA | Ly o)
Ascorbate | gtk Aash vhgront folHel Aol gl | o
2HzEeY] VE R F TS WA A @ A=
B
RL|
o 722 B-glucan & H7I&F4 kel 2835}
JEE F3e 29
1. Treatment 1
- minced chicken breast+2.5%NaCl
2. Treatment 2: minced chicken breast +1.0%
NaCl+ 0.3% STPP(Sodium tripolyphosphate) Dileep A. Omana, Graham
Plastow, Mirko Betti,
® Treatment 3. minced chicken breast meat
+1.09% Chicken breast meat+ 1.0% NaCl+ 0.3% The use of B-glucan  as
B-glucan B-glucan a partial salt replacer in

eHPP (1A A)AT g
@92 40C, 400/600 Mpa pressure ol 42} =k}

Azte] 7HE & Ao =

o
e
d m}l_g
b
o

o &3k B-glucan ¥ A Z3td NaCl (1.0%)=
O]—EF«O-]Z(_] treatment 7]’ 2.5% 9/] NaCl = ﬂ‘ﬂ%
AME vlas] A Pgd e @ 1 9] 5Ao]

el el YEES AAL 4 s AL

_1!
(MDY

high pressure processed
chicken breast meat,
(2011)
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Table 7. Reference of salty taste enhancer

55 = 2
e FExow NaCl¥ &4
o AukS 10%-50% S X1 Al7IHA] uke]u Algko] [Salt enhancer, US5145707A,
A e Thomas D.Lee(1992)
o AHg 7H4, AAA

o L-ol=7(L-Arg)9] &utow laf i3
AT A= L-Arg ¢ -Asp(L-o} =9 2ELHS
E3tate] vt FAARA ] LS A

o X0 = 04% NaCl ¥ 57, 11.5, 23.0, 46.0 mM
L-Arg &5 77 $Hlsto] vl

=

bt A= 0.4% NaCl 899 16.95 mV o A]
~Arg o] H7b RIS Eel we v How
7hE 1o NaCl &9l L-Asp 7He] H7be
P F

=
r 32 (o

-
‘
noi'

-

3ol

e o] 3 L-Arg o] EA2 7]EY _T’_(Tamura =,
1989; Riha &, 1997)¢} &Lt 3k

UO

oo A%

E
L-ol2 7]y e -Arg tH] L-Asp ¢ H]&o] 0.98 v
M= gk F7tek oy L-Arg 9
73t A 7 =o] L-Asp ¢ 1SS 098

L-o}2 7]\ 3} L-o}2~523]
X NaCl %k zsbw

o]
o mx= 3(2014)

00.4% NaCl o] L-Arg ¥ L-Asp & #H7}3h
fole [ -Arg ¥+ H7FE NaCl &A1} »ulo)

Fd 5| 2111 L-Arg ¥ L- Asp94 =3e g2
Ix A3 L-Arg FxA L-Asp & H] &0

A2kl wel NaCl < 7%}““’ =7+t

OPﬂ

[ ]
2,
2l
N
(]
fu
off
.
rot
Z
Q
@
off
1
2
>
29
>
5]

Alz=dlo g ZAH #Auke] 7 == NaCl < NaCl

+ L-Arg + L-Asp < NaCl + L-Arg 9] $o]a

53], 04% NaCl €] L-Arg : L-Asp

=1:098 27422 L-Arg 23.0 mM 3} L-Asp 225

mM & 283 49 EgE9 A s 2461

mV 2 1.2% NaCl & 9 (saltiness output =23.07
VRY 7Fs Aurs 2g]
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e EY T E 2 NaCl 4 H]&=0.125%, & 14| &2
8%
o =5t groju} 3 §lo] Aubs FHE T T E
Adae wH7t 98
eNaCl o %4 Ao} 15% 7 A7} sojof gpyy [8rediont systems
olith ohelQ 74 trehalose o] Eio} v}z [OTPISINg trehalose, food
oro products containing
s trehalose, and methods of
o A87bs AFE: UwtadF, FdLF, g, £ Mmaking same, US8231925
»]—E—Eﬂ%a]_i*}:’ Z_]:Xo]-, E!] i, Eiu](ﬁ%), ChaZuke—no—motO’ B2 KiShnaInurthy (Ganesan
NaCl AAHE F3x 2257, A% 5 thgata o) 9o x |9 49, (2012)
AF Fol P9 e ol YROE Folrke
A% A87Fs 1 ex) F71,30], ¥4, HH
Ay, AHgA, 9F, AFe, FLdF A9 oA F
Method for enhancing the
o AA| A& 3-9% H7lsl= Ao] o] AFA salty taste and/or delicious
taste of food products,
o 1.5%m| Wk 12%°]7d H7be &9 e US6159529A, Yukio
Uchida/Satoshi Iritani(2000)
o =&+ BE B AFdsnd
HAo A o'l GdA A Holxe & 345 |
o, A9, Y, 83, T, A3 o= A Method for improving salty
2= [e) = -
&4 o1 ¥ 7bs taste of food or beverage
(dextrms', 0% 021 TlolA Hi05%2 AAHE o] %i’and salty taste improving
maltodextrins, 10%0] 0] 7173 o] Aol m 10,00 o] A HE]= agent, U820120034368 Al,
insulins, poly a1 oo Thomokazu okazaki®] 221
dextrose ) (2012)
eI E A& FEE, ofAl T2 STk AMETLE
o Aul B ol T FxlelE a7 U
o g o2 R Y Aus 4% ¢ v =4
) 5l ‘e lo] AT A AA
glycanit- A& E3F AL 7 a? %}LH /\xﬂ PN Ei_a
3} @E}O]Eﬁ] =23 P e o = 578 P I =
o S 50%% HUbE Auks IR =2 ¢ [N8(2013)
A
o GABA ZHA|7}F #ubs WA &5
¥ oA 23 2
e GABA 2 MD/NaCl § 9}(MD10%, NaCl 20%)°l c? ° A] I J o
Wrhetel BRAZ F (9T Fehz Agge AN Amnobuuvie
GABA AU AES} e oz A Acid(GABA) & ¢l &3 119
v e Az 7ls Y
®GABA 7} oj®l 9 &g so] Antg (2014)
SRAANA=A o T A+ o wo] 28T A
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Table 8. Reference of salt substitutes

=7}

A&

A Z=A

&A1

GABA  Diamond
Crystal Salt Sense

Cargill

e 915 NaCl, sillicone dioxide,
tricalcium phosphate, sodium

bicarbonate, dextrose, potassium
Todide(0.006%6)

Hgol Ble HES 33%

o 7} e 7} o} flake 3 o] A

S

e Hjglnto] ¢l &

) = Nu-Salt Salt

substitute

Cumberland

Packing Corp.

e 25: KCI, 1% ©]3} cream tartar,

silicon dioxide, A A# 1 &

o] 4% gt ol

Morton salt

substitute

Morton Salt

Mo | X2 mi
f | do s

° : KCl, fumaric acid,

tricalcium  phosphate,

monocalcium phosphate

o KCl 9 &

AlsoSalt

AlsoSalt

e 215 KCl, L-lysine,

mono-hydrochloride, calcium
stearate

® Spice Mix M2 22 xd, WE,

el gte] F 3 Az EA

PanSalt
Low-Sodium

Mineral Salt

)
s
[

PanSalt

e =% &: NaCl, magnesium,

potassium, Jodine
e 2~ 6 57%

o =3k, Bl ¥Iglo]

e

o
i=]
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AF FEAL Qe AWAA AAE 24F FA opAsh A%, MSG 2 R 4F
hgol giEol thela FRE % Wtk AW X ATIHE NaCl ¥ FF AU
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OEERE
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o 20 249 ¢ 1 A% NaClol F50] 7] W], 9 AAME ol i
AZEANA 0 NaClol e 9% Axnstnd 1402 142 Fd 229 Sopss
AA ek
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Table 9. Recipe of model kimchi

st

Final
. . ) Control
Ingredient detail ingredient . . Model Model
Kimchi . . . .
Kimchi Kimchi
Salted Nappa Cabbage Nappa Cabbage, Salt 76.35 76.40 83.03
Radish 4.980 6.00 4.00
Kimchi Seasoning Sauce 2.720 - -
Onion 2.540 2.60 -
Red Pepper Powder 2.170 2.50 3.20
Leeks 2.080 2.30 2.30
Garlic 1.990 2.00 2.00
. . Glutinous Rice Powder,
Glutinous Rice Starch 1.810 1.80 -
water
Fish Sauce Anchovy, Salt 2.360 3.20 -
Water 1.086 1.00 3.00
Mashed Red Pepper 0.910 1.00 -
Ginger 0.540 0.50 0.30
Sugar 0.274 0.40 1.00
Black Garlic 0.100 - -
Salt 0.090 0.30 -
Total 100.00 100.00 100.00
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2t AR A AT
(1) NaCl &= X AFgAd AT
(7h) A+ H
DAE Az
NaCl &= 7xe] AAd A5 fste] A A 9 vdv] 258 Table 102} o] Hj
TS AR oA GEE DL UX YN AER A% L06VA 22% DA
A 02% 9% Ao 7EFS] MEES AU B AFS Olﬁ’roix}ﬂlﬂu-oﬂ/ﬂ A A
5o Fuegon, LONH 209 UAS 025% UE (AL B 5Fe] ABE Aze
o ojul, AulEE NaCl 10%7 HES 5dshl Ageie] 49 B4E 297, 39 &
NaCl &3S =dstHA wgdn & AA kAt
Table 10. Reference of salt substitutes
(F2 %)
) NaCl NaCl NaCl NaCl
Ingredient NaCl 2.0%
1.75% 1.5% 1.25% 1.0%
Salted Nappa Cabbage 83.03 83.03 83.03 83.03 83.03
Radish 4.00 4.00 4.00 4.00 4.00
Red Pepper Powder 3.20 3.20 3.20 3.20 3.20
Garlic 2.00 2.00 2.00 2.00 2.00
Ginger 0.30 0.30 0.30 0.30 0.30
Sugar 1.00 1.00 1.00 1.00 1.00
Leeks 2.30 2.30 2.30 2.30 2.30
NaCl 1.17 0.92 0.67 0.42 0.17
Water 3.00 3.25 3.50 3.75 4.00
Total 100.00 100.00 100.00 100.00 100.00
@ AA Az Ly
NaCl t#d 71 X5 Table 119 Ao wal Azt wiF9 49 40+s50mme] A7 =
A deste] dol gHow AYRAE Had 1, AF AYuFe] EE NaCl
1.0%7} H =% it &g A5 AAE =o|7] 95k 87}Xl Az F 543 FF
o A=l F, AEVHF, vk, A, B, tigte vlEol g E3s F owige]el BtH
SR, 7 A 2o urF NaCl, KCl, AAFE FYste] ddS Az}
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Table 11. Production process as NaCl content

Condition

Process

Process step

No.
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4l
7E] HAAE F27 A A9 Az 5 11dAd JAHAAE (05%) ELst= 3o

2 g AA AE(05%70.7%)E Hold AAE= 9= 1.0% A
A (sample 7)o g+t oivk 7] AY Ay, A A =dste 7|kl Aol URkH
A Aol g sfeld} v RS o=

of A 7 WFmAN A 2P AW

Table 12. Acid, pH as NaCl content (incubator)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7

DOy oo o) 8% (6% (14%)  (129%)  (1.0%)
1st 0.221 0.216 0.204 0.230 0.186 0.206 0.278
4th 0.210 0.218 0.218 0.216 0.202 0.205 0.299
7th 0.221 0.261 0.235 0.222 0.236 0.265 0.313
8th 0.270 0.285 0.361 0.264 0.272 0.332 0.376
10th  0.351 0.341 0.387 0.405 0.396 0.423 0.442
11th 0510 0.450 0.527 0.508 0.554 0.531 0.584
Acid  14th  0.479 0.496 0.505 0.511 0.488 0519 0.598
(%) 16th 0479 0.425 0.510 0.456 0.536 0.622 0.648
18h 0511 0.489 0516 0.572 0.602 0.690 0.679
2lst 0618 0.502 0.666 0.658 0.644 0.619 0.744
24th 0617 0.621 0.644 0.587 0.596 0.609 0.719
25th 0511 0.521 0.602 0.569 0.604 0.610 0.743
23th  0.561 0.543 0.603 0.576 0.629 0.722 0.705
30th 0594 0.591 0.626 0.593 0.642 0.634 0.730
Ist 5.669 5.781 5.939 5.937 5.925 5.958 5.388
4th 5.974 5.955 5.966 5918 5.984 6.069 5.657
7th 6.065 5913 5.990 6.043 6.034 5.622 5.601
8th 5.956 5.898 5.255 5.705 5971 5.316 5.777
10th  4.829 4818 4552 4568 4635 4550 5.554
11th 4495 4.864 4.454 4.428 4.405 4.370 4.409
S 14th 4453 4539 421 4.307 4.388 4.307 4334
16th  4.391 4731 4326 4.632 4.343 4.170 419
18th 4337 4517 4.285 4.396 4.244 4.169 4.201
20st  4.267 4.400 4.178 4.180 4.222 4.203 4.280
24th  4.280 4.375 4.184 4312 4.233 4.202 4303
o5th  4.381 4.385 4.186 4.232 4231 4221 4.201
28th  4.283 4.366 4.160 4.302 4212 4122 4.144
30th  4.212 4.319 417 4.276 4.206 4175 417
Salinity” 2.19 211 1.85 1.53 1.32 1.11 1.043

T
’ mean * SD
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Table 13. Acid, pH as NaCl content (Kimchi refrigerator)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

bay (2.0%) (1.75%) (1.5%) (1.25%) (1.0%)

1st 0.201 0.206 0.205 0.201 0.202

4th 0.241 0.228 0.217 0.252 0.255

5th 0.365 0.388 0.395 0.462 0473

Acid 6th 0.410 0.465 0.482 0.596 0.554
(%) 7th 0.514 0.584 0.589 0.683 0.662
9th 0.524 0.602 0.622 0.657 0.672

12th 0.620 0.688 0.685 0.709 0.718

13th 0.682 0.697 0.674 0.782 0.719

14th 0.691 0.722 0.701 0.842 0.749

1st 6.060 6.122 6.081 6.088 6.061

4th 6.060 6.090 5.980 6.130 6.010

5th 5.762 5.653 4927 5.032 5.621

6th 5.260 5.360 4762 4.826 4.465

pH 7th 4.760 4.389 4540 4.420 4.370
9th 4.320 4.542 4.485 4412 4.241

12th 4.240 4.109 4.454 4.342 4.210

13th 4112 4173 4.199 4.198 4.109

14th 4.180 4.260 4.260 4.260 4.280

Salinity” 1.901 1.712 1.423 1.180 0.930

)
mean * SD
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Table 14. Inspection item and criteria of Kimchi safety

Ak Q)

E3de) VAT A Wl wel Table 143 2ol 1059 W4 n A4S o

(@)
a

Microorganism Unit Criteria Remark
Colon bacterium CFU/g - qualitative analysis
Colon bacterium O 157:H 7 CFU/g - qualitative analysis
Listeria monocytogenes CFU/g - qualitative analysis
Bacillus cereus CFU/g <10,000 quantitative analysis
Salmonella CFU/g - qualitative analysis
Yersinia enterocolitica CFU/g - qualitative analysis
Vibrio parahaemolyticus CFU/g - qualitative analysis
Campylobacter jejuni CFU/g - qualitative analysis
Staphylococcus aureus CFU/g - qualitative analysis
clostridium perfringens CFU/g <100 quantitative analysis

WAy AR

oJ
=1
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Table 15. Result of pathogenic bacteria on NaCl 2.0% kimchi

HAF M AEY ] 7 23
Colon bacterium CFU/g -
Colon bacterium O 157:H 7 CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 0
Salmonella CFU/g - -
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0

Table 16. Result of pathogenic bacteria on NaCl 1.75% kimchi

Arb m A= 4 7| 2 3}
Colon bacterium CFU/g - -
Colon bacterium O 157:H 7 CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 0
Salmonella CFU/g - -
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0
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Table 17. Result of pathogenic bacteria on NaCl 1.5% kimchi

HAF M AEY ] 7= 23}
Colon bacterium CFU/g - -
Colon bacterium O 157:H 7 CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 0
Salmonella CFU/g - -
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0
Table 18. Result of pathogenic bacteria on NaCl 1.25% kimchi
AAF A AEY w4 7]+ 2 3}
Colon bacterium CFU/g - -
Colon bacterium O 157:H 7 CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 5
Salmonella CFU/g - -
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0
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Table 19. Result of pathogenic bacteria on NaCl 1.0% kimchi

HAF M AEY ] 7] 23

Colon bacterium CFU/g - -
Colon bacterium O 157:H 7 CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 10
Salmonella CFU/g - -

Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 1
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(2) NaCl % KCl &3 A AgAd A+
b A7
O A= A=
NaCl 2 KCI g2 729 AZA A2 9ste] w7y xe] wjgn 258 Table 2037
2ol uﬂwf‘::— A 230}914. ol, AJujFE NaCl 10%7} S =% FdstA dAstd A4d
; i

2 zdswa AYTE 4S9

Table 20. Recipe as NaCl and KCl content

(9] %)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Ingredient NaCl(%) 1.75 1.50 1.25 1.25 1.00 1.00
KCI1(%) 0.47 0.93 1.40 0.47 1.86 0.93
Salted Nappa
83.03 83.03 83.03 33.03 33.03 83.03
Cabbage
Radish 4.00 4.00 4.00 4.00 4.00 4.00
Red Pepper
3.20 3.20 3.20 3.20 3.20 3.20
Powder
Garlic 2.00 2.00 2.00 2.00 2.00 2.00
Ginger 0.30 0.30 0.30 0.30 0.30 0.30
Sugar 1.00 1.00 1.00 1.00 1.00 1.00
Leeks 2.30 2.30 2.30 2.30 2.30 2.30
NaCl 0.92 0.67 0.42 0.42 0.17 0.17
KCl 0.47 0.93 1.40 0.47 1.86 0.93
Water 2.78 2.57 2.35 3.28 2.14 3.07
Total 100.00 100.00 100.00 100.00 100.00 100.00

@ A=A Azx U

NaCl 2 KCl =¥ 7XZ Table 219 &R0l wet AzxstAdet 3o 24$ 40+50mm
o] AV|7 #Y3A Husle] dole ¥R AYAAS A3 sta, HF AduiFo o
=+ NaCl 1.0%7} S =% sttt dde 4% AxRE Fol7] 3 67}?<l ARz T &

= =
A3 el s F, AxTHE, vhs, A, A, tivbs vlgel st SR 5 e
of W s¥sbal, 7F A Z7e 23 NaCl, KCl, AA+E F9lste] Fds A=A
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Table 21. Production process as NaCl and KCIl content
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Table 22. Acid, pH as NaCl content (Kimchi refrigerator)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Day  Nacios) 175 1.50 1.25 1.25 1.00 1.00
KCI(%) 047 0.93 1.40 0.47 1.86 0.93

Ist 0.202 0.202 0.204 0.211 0.209 0.207

4th 0.297 0.292 0.302 0.356 0.302 0.376

5th 0.330 0.307 0.272 0.461 0.333 0.530
Aeiq OB 0.394 0.367 0.331 0.558 0.370 0.524
00) 7th 0.488 0.511 0.508 0.550 0.502 0.573
8th 0.512 0.527 0.526 0.602 0.541 0.576
10th 0.586 0.592 0.581 0.621 0.553 0.623
13th 0.650 0.620 0.536 0.680 0.544 0.677
15th 0.688 0.630 0.655 0.656 0.660 0.746
Ist 6.052 6.071 6.112 6.041 0.602 0.610

4th 5.507 5.659 5.668 5.199 5.692 5.171

5th 5.312 5.155 5.200 4,602 5.468 4516

6th 4,652 4.883 5.203 4412 5.097 4453

pH  7th 4532 4477 5.103 4.401 4985 4413
8th 4.457 4.479 4933 4312 4.920 4.303
10th 4.190 4.420 4.763 4.301 4.766 4.298
13th 4.240 4.405 4.664 4.207 4,602 4.205
15th 4115 4.361 4,690 4196 4542 4.189
Salinity” 1.930 1.976 2.099 1.441 2.238 1.489

T
" mean + SD

A4 23 4% 3 NaC/KCl o+ ¥ 459 A4 b= 754 7|7k Table 23 2t}

Table 23. Reaching Phase of titratable acidity(0.5%670.7%)

Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 2 3 4 5 6 7 3 9 10 11
NaCl(%) 2.0 1.75 1.5 1.25 1.0 1.75 1.50 1.25 1.25 1.00 1.00
KCl(%) 0 0 0 0 0 0.47 0.93 1.40 0.47 1.86 0.93
Acid >
7th 7th 7th 6th 6th 7th 7th 7th 6th 7th oth
0.5%
Acid >
0.7% >14th  13th  13th  11th  11th  >14th >14th >14th >14th >14th  15th
. (0)
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(th mAE Z=3d

NaCl @ KCl @38 A9 4759 Folg Uotus] Astel vVgs TzndS 3l
shgict.
BA Fakt B

A AR 100g2 AFE T WF A= olBHAx, QojH o2 Y AgsE 843
o] MRS agar(Difco, USA) 8] Ao =E3d}e] 25Co|A nja7] AR 48 A 7F v &3S
7bedt teFd fets welskr] flste] 2 wiAol A AR e 1

e of 10704 Aeelel BAR AN w5 AT,

@ 16S ribosomal RNA {2} #4185 &3 fFikdt 54 HA ik &3

2 H FAHTY] 4L 16S rRNA 41 AH16S rDNA) 41 8 A (SolGent, Korea)oll
olg3te] 433t th 16S rDNA PCR SZ o= thd3dl bacteria®l S 3ol Wo] Al&F+=
eubacterial universal primer 27F (5'-AGA GTT TGA TCC TGG CTC A-3")<F 1492R
(5'-GGT TAC CTT GTT ACG ACT T-3)& Ab&&tach. 24" 4714492 NCBI
(http://www.ncbi.nlm.nih.gov/)el 5% H7IA<E HEE WS Z nucleotide blast search

&) AlsdAsts XS 423519 th Databaseo] T=H X=dFo M =& dEA
et = &7 (Taxon)S 33 971G sldsthe bt o= st ch

¥
JXE

o

TYXE AHREW NaCl 20% ¢ 15%+% Lactobacillus sakei
ssp. sakei 7} FFO® HWA FAG S HAAFU, 1.0%9 B9+ Ax TR 79

7 Lactobacillus plantammO] TEO2 UEYT o= FYd A% 7]
F % NaCle] o] 2t AF Aol o wmE A3 #do] U&= qu

HN r{r

o},
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Table 24. Lactobacillus as NaCl content

At & NaCl 2.0% NaCl 1.5% NaCl 1.0%
Leuconostoc
1. citreum 2 2 1
2. mesenteroides 1 2
Weissella
3. cibaria 2
Lactobacillus
4. sakel ssp. sakel 5 5
5. plantarum 2 1 7
T 10 10 10
@ KCI #7F &

Fepd AR WE
KCl #7b el me fabate]

e
b

= 5 A¥rEW NaCl #o] %&5F Leuconostoc
citreum ¥} Leuconostoc mesenteroides®] X7} ¥9k3, NaCl Stzfo] I S45
Lactobacillus plantrum®] #37} =t} olgi st Ao mpe} KCI ket &2 & 93
& wxA R A0 Wolv, NaClel el me} favet R¥7} ek e o %
A
Table 25. Lactobacillus as NaCl and KCI content
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
okt & NaCl(%) 175 1.50 1.25 1.25 1.00 1.00
KCl1(%) 0.47 0.93 1.40 0.47 1.86 0.93
Leuconostoc
1. citreum 3 2
2. mesenteroides
Weissella
3. cibaria 3 2
Lactobacillus
4. sakel ssp. sakeil 5 6 2 3 1 2
5. plantarum 1 5 5 9 8
> 10 10 10 10 10 10
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T EaE

(1) a7 Azx

b A7EA

AA AA = NaCl 9= Az 53 Zo] gukd 7]o8 4+ e EZE st
of, NaClel o4& mtt 433] stefats] lshe] eul @ Ba) md 07 Azde] d
5% e

() Ay 43

A1 AF 713 A FEEs AR d@A el NaCl o] 2] #ute] 7] 4+ &= A4
52 Adstel Bl gA ANNE 4T T, 44 A29S 0§ RE Ugel BEHY
T} (Table 26). & X+ X717 X0 vl3] Al57F Bo} ddates wjFE 2o @
gt A JEE A st
Table 26. Ingredients of model system Kimchi

Ingredients Ratio(%)
Chinese cabbage 83.03
Radish 4.00
Red pepper 3.20
Garlic 2.00
Ginger 0.30
Refined sugar 1.00
Water 3.00
Green onion 2.30
NaCl 1.17
Total 100.00
(2) 2wz 717} A% (Consumer rejection threshold, CRT)¢] T+
7hH AT54
ARl el NaCl st FHael wep AnjA7E 7]2bst 7] Al&bste (3 A 78 F3)=
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NaCl @& #aol me &uae A4 +§ 552 Lopur] 998 wg

o
B
>,

22§l ol A

D 28g A=

A 1% GAR ZAE AR 204 ARG 1A FEI NaGIE e 2AUA
(Table 27)7F AF&=ATh 7 21X 9] NaCle] %+ drb X9 NaCl %< 2.00%
(Wx=a)E 7+ 2 dF 7&32 2 A1 A NaCl 1.75%, 1.50%, 125% % 1.00/o(a )
= 44359

@ A= F=1] % A

AL (-15T)o BALHYE 71H AzgE Ad 308 dol AW, =7] BE(eF 30 x
2.5cm) 13&7#?% AALF] FE 127 A ZgkaE 871(7T0mboll ol AAIEA T =u ¥

7l°ﬂ BT B A el Al AlA] Sk A1E B 7k ﬂ?fﬂ
o}

> é".:
=°.*=
2L
o
ol
o
38
g
OFO )

= Eﬂ e
A

Z} HE 2
2 3lgon md S JHA S YEER A (22+

@ A A

a7 @AG HEE A 2HA AAbelE B
g 148 on FAAUG 2UAES 048 JFoR o7t Be
aEAR rgon, Fogue 7337 mystc

@ Bk Mg 2 AA

anla )z AR FEE AT 20ARAE 72 gAEe] Ael RoA A H AT
AE AR Al AR Al hE RSk A B, A9F W % 97
el sl Akt

AREE WS o] A 37 AH(paired preference test) 3 th HAALA Sl Al 2T

HNow 4% ME Y AAEANSH F 4 AES H7letdh. AA
=71, &) =71 1249 stE A silow, AAE 2/ AgE A
sttt ARl AF&E W7HA & Appendix 1o HF
Hol vk AAL AE Ao
A AeE 29 43w st s S

[}
T dhe] ofd Al 9% JFHE Hastekdrh AAbel= oF 3070 28H%

PSR
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@A B7hE NaClel &ul 717 @AGE BhE2est 37 440 ANE A= Fol
A gEEed HEEs §o80R we AR NaCl ¥Rz 2334 #o4 4%
Ol AEAANA RO H Ao B EhlY] A% Ak FuE

Aastel, 7 AEME fofon Asd AR} A

% (Lawless and Heymann.

nE PEar

Q FM

(h) A A3

ZulAp 71zb AR AR 99 o)d Az AAe] AE Table 273 #rh gk A

(NaCl 2.00%)¢} vl w3lde W, NaCl 1.75% % +9 42 AE% AolE Ho|x ¢kokr}. 18

U NaCl 150% 2 2 o]&te] smeAE thxs]l NaCl 200%2 fodd oz Hushs A
j

o2 eht} old wal AEEdA o Fel 2o]Z wol7] AZEE NaCl 150%Z 21|
24 712y AR = A ST

—
1l
AV
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(3) NaClE tiAlEd = = e dAge] 24
b A 54
NaCl A A2 283 4= 9= AdS 28] g8 o
TS olgete], Bt o
() A7 o

O A=
KCl2 NaCle] tha] do=zAa 71 7Fside] & Aol (Dotsch, 2009; Desmond, 2006),
NaClZ 7]%5 41 SAo] Hlzstttar & A o) (Guardia, 2008; Guardia, 2006) + A3 o

A NaCl dlAA 2 KCI& AAstgich. MgCl2e KCI# t&e] NaClg diAE & A& 7bs
ol Qe deow deA Ak B TRe) dALES WA AQ AFr1e) BeH 54
of W&l £AHg A7 (Kim and Kim, 1990) 235 wgez KCl oz gute] 4

MgCI2& dAA = AA st

CRTE ¥3ste W, NaCle oiAld =+ U= 52 NaCl 0.25%, 050%, 0.75% %
1.00%¢%! Ae ekl NaClel 5% 5o 0.25%% 0.50%= dAstArt. NaCl 0.50%¢
gk Ao A =E AR A5 (Kim and Kim, 199005 #a1ste] NaCl 0.25% %
0.50%°l &8sk KCl 3 MgCl28] &&= 55 24Ut (Table 28). BE A&e 34

L
T -
FR4E o3t £eoor Fushgt.

Table 28. The information of NaCl, MgCl, and KCI solutions

Sample o Expected NaCl
] o Description )
identification saltiness
Control NaCl 1.00% 1.00%

NaCl 0.5% NaCl 1.50% 1.50%%

NaCl 0.25% NaCl 1.25% 1.25%

MgCl; 5.0% NaCl 1.00% + MgCls 5.0% 1.50%%

MgCly 5.0% NaCl 1.00% + MgCly 2.5% 1.25%

KCI;, 0.96% NaCl 1.00% + KCI 0.96% 1.50%%

KC1 0.48% NaCl 1.00%5 + KCI1 0.48% 1.25%
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=

MgCl2

=

KCl 892 NaCl (Hanju, Ulsan, Gyeongsangnamdo), KCl (Mihwa,
=1}

=1
=

NaCl, MgCl2
Icheon, Gyeonggido)
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AFAA ] HAREA A3 Algo] wE 724 54 zpol7b h=A dolr 7] fste] i
AHEAS w1 A, AEZE oA Aol EAlskeE 56 diEl, AFFEA o E
Duncan’s multiple range test (a= 0.05)& 33ttt £As A= spider web ploto =
A Al = AT,

(th A+ 23

8yl djde T T IS EE o dd ddo] sYste 47HA v 54 2 27}
A qel 7 BEAdS xS F 67HA EAS MdEAa, 7 54 tigt ge](Table 29)
2 FFE A (Table 30)S H3FT} EA4EE FAEAs 3% A9, BE 54

J A&

Table 29. Definitions of the descriptive attributes for various salt solutions

Sensory

attributes

Definitions

Salty taste
Sour taste

Bitter taste

Fundamental taste sensation of which sodium chloride is typical
Fundamental taste of which citric acid is typical.

Fundamental taste of which caffeine is typical.

Metallic Aromatic associated with metallic substances.
Astringency Mouthfeel associated to drying and puckering sensation.
Stinging Mouthfeel associated to sharp sensation.

Table 30. Reference samples for the descriptive attributes for various salt solutions

Sensory

attributes

Definitions

Salty taste
Sour taste

Bitter taste

1.0% NaCl (Duksan Pure Chemical Co. Ltd., Ansan, Gyeonggido) solution
0.2% Lactic acid(SNT, Sungnam, Gyeonggido) solution
0.05% Caffeine (Dae Jung, Siheung, Gyeonggido) solution

Metallic A ten—-won coin

Astringenc Black tea made using black tea teabag(Lipton, Unliever) steeped for
EENEY 4 minutes in 100ml boiling water

Stinging Chopped garlic (Gana Corp., Suwon, Gyeonggido)
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O HAAL 2 MgClel thet 74

MgCle 0.25% % 050%= H7FstsS w, 0.25% NaCloll &3t #ugto] A= Z&
& o AT (Table 31, Figure 4). 1=y MgCly H7bel whef Alnt, ot 554, 92 3
Zb 9 ol zte] frojHow Frkste AS AT (Table 31, Figure 4).

@ WAdezA KClol td 7hs7g

KCl& 048% % 0.96%%= H7Fstols Wi, 242F 0.25% % 0.96% NaClell &3t A nto]
A= AL & F AATt (Table 31, Figure 4). KCI 0.48% 842 Z$- NaCl 58

=
I Auk 2ut 554, W Az 9 oold Az R o] fF94Ql Aol 7 YERUA] 249
ok KCI 096% 889 A5, &u 554 9 oldhzto] o7t A5els Aol Heor
T Al Aoli= gl A Z YEsEtH(Table 31, Figure 4).

webA] MgCly AXo| A AR oleta #7he
A7, NaCl thA| Al 24 o] ¢ g-o] EA3h= =
2ol FAFeAl e, NaCl g oz woh & 7
AT KCIE 71=o2 A3y

A B SHES foHow F7
WA, KCle] NaCly #54 =
stith mebA o] 79

—|~
off
oX,
o
2
>,

o

Z

Table 31. Mean intensity scores'? of sensory attributes for various salt solutions

Bace NaCl NaCl MgClo MgCly KCl KCl
0.25% 0.50% 2.50% 5.00% 0.48% 0.96%
Salty 5.714 7.238° 9.095" 7.619° 7.905" 7.095° 9.286"
Sour 0.952¢ 1.048° 1.048° 3.905” 4.810° 0.762° 1.476°
Bitter 0.952¢ 1.048% 1.810% 7429 9571° 1.571°% 2.381°¢
Metallic 2.333% 1.762° 2.000° 5.667" 7.381" 1.476" 2.714°
Astringency 2,952 2.810" 3.810° 6.810° 7.714° 2.857" 3.762"
Stinging 0.905d 0.952¢ 1.333 6.667" 8524 0.714° 2.048°

1) Values within a row sharing a letter are significantly different (p<0.05, Duncan’s multiple range test)

2) 16-point category scale (0='none’, 15='strong’)
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Metallic RELa

- Bitter

Figure 4. Spider web plot of mean intensity scores of sensory

attributes of (a) MgCls solution compared to NaCl solutions

and (b) KCI solutions compared to NaCl solustions

(4) NaClell t38F KCl 2 NaCl/KCl &3 o] Aoadn

H o

= 74

(b AT 27
NaCl &% 0.25%, 0.50%, 0.75% % 1.00%l w3 KCl Zdddr =& FEstat. o+
%l‘i”u‘i](NaCl 2.0%)°l tigk NaCl A& 125%, 25%, 375% % 50%= 1l2]etl <
gAEZ A== NaCl 5%7F 0.25%, 0.50%, 0.75% 2 1.00% <
NaClell g gt KCI ’E}EH?%U]E% T8 eFarak skl

1
-
’

& meele], 7 79
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T3 NaCl 20% &4 7|22 NaCl 125%, 25%, 37.5% 2 50%<= KCIZ djA]
NaCVKClel €399 uldr =g Fasnd sk KClo 87 52 dox 249
2 nhgo %

Eis

NaClel W% KCle| #edrlns wos Ageisich ofe 39 NaCUKCIel 9909
Ader e S Ao o] Il NaCl 2.0%9 F&3st=A 52 NaClet KCl&
A AT W Aol oE F5AEe] AEAS AFsl, FIHORE UA AT £

=
Fge mee AR A% 2o S

AN
1
k)
2L
it

ok =9 NaCl (0.25%, 0.50%, 0.75% = 1.00%) Z+zte] o 483+ KC19
T rEs7] f18] Aol A-AAE St on, o] w o]&¥ KCl sEs <uAddES
T3l AA-sG . NaCl 0.25%, 0.50%, 0.75% % 100% Zyzbe tigk "t e 2 o]8-¥H KCI
TR W= 47 0.25~0.87%, 050~1.73%, 0.75~2.60% = 1.00~3.47%°] 2™ 0.08
log step tAe] we} 7479 KCl ¥% & 2430 (Table 32). & A5+ 33
THTE &3t ¢%0n0§ =] ekt

2d9ls aeste], Alste] Auledv|=el WA
FEAL FHUbske] 22 NaCl 3 KCl 529 A
= 7]

o =
A AAMEI} 05~0.7% RS i

ot e

M AEe vigoz AAE NaClol tigh KClo] dddu s vigo® NaCl 2.0%<
722 NaCle KCIZ 125%, 25%, 355% % 50%< WA NaCl/KCle] =3 (NaCl
1.75%+KCl1 0.47%; NaCl 1.50% + KCI 0.93%; NaCl 1.25% + KCI 1.40%; % NaCl 1.00% +
KCl 1.86%)& Azx3tAth NaC/KCl 3 H S 91k Aol HAtd &= o]&% NaCl #&°
Mol 142~283%°] 2™, 0.05 log step Ao wat 7459 NaCl 5% —’F%% 24
st tH(Table 33). £ ol g Hoidr = 7_1“33'3}7] gk o] A Lol o] &% NaCl
o] FEE ouAdRS T3 ZAAST B AR b SRTE ol&st FEAo=E
= H| 3FA

gk fel et mpzvbA R Aluto] Aidn| ol A= FFS 7] H& 05% ZA4k
TE&AS 7t 919 £ NaCl ¥ NaCl/KCl s%9 A5 E(Table 33)S A 223kt
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Table 32. The concentration of NaCl and KCIl added in model system

NaCl (%) 0.25% 0.50% 0.75% 1.00%
0.25 0.50 0.75 1.00
0.31 0.62 0.92 1.23
0.38 0.76 1.14 1.1

KCl1 (%) 0.47 0.93 1.40 1.86
0.57 1.15 1.72 2.29
0.70 1.41 211 2.82
0.87 1.73 2.60 3.47

Table 33. The concentration of NaCl and NaCl/KCl mixtures added in model system

NaClI/KCl NaCl 1.75% NaCl 1.50% NaCl 1.25% NaCl 1.00%
(%) + KCl1 0.47% + KCl 0.93% + KCI 1.40% + KCI 1.86%
1.42 1.42 1.42 1.42
1.59 1.59 1.59 1.59
1.78 1.78 178 178
NaCl (%) 2.00 2.00 2.00 2.00
2.24 2.24 2.24 2.24
2.52 252 2.52 2.52
2.83 2.83 2.83 2.83

@ AN s =1 Z AA

NaCl 2 KClIF€9 % NaCl/KCl &39S NaCl (Hanju, Ulsan, Gyeongsangnamdo)¥}
KCl (Mihwa, Icheon, Gyeonggido)S 3% S/l &3iA1# =8 A H(Table 32,33).
Zt Alse 7 A" deRddA FASE FEI A A" dgE 29 S92y 87
(80mDell 20ml1¥ Hol F=H] = AT AALDEANAE g ¥ (3.2cm#*bem;
6mlo] A AAEH AT EF 2 AR Alolol= Ye A T AESE A2 B (22+27)

b W= ol A AN H A
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D thFe FE NaClol A% $29 383 KO 55
+

A X (NaCl 2.0%)°l gk NaCl Al &S 12.5%, 25%, 37.5% 2 50%= HstA-S o,
fA=% A= NaCl 5%=7F 0.25%, 050%, 0.75% % 1.00%9-= iLelste], zk +5°
NaCle] #ultel] d&st= 52 KCIo| s=5 T8 HolA 83 A= Table 34-373 2

TE& A AEfell Al NaCl 0.25%° tigr KCle] ol dv=E A3 EH (Table 34), 0.25%
NaCl¥ 22 dxs Yeldles KC9 s % W9E 047%~070%=2 UVERsch 3
2 9EE Yl KCI9 % ¥ 093~1.41%(Table 35), 0.75% NaCl
I e dxE YehyE KCIo % W9 1.40~2.11%(Table 36), 1.00% NaCl#t 28 ¢
TE YedlE KClo % W9E 1.86~229%(Table 37)2 uebskth whaba] =8 o A
NaCl 0.25%, 0.50%, 0.75%, 1.00%%F kel fo] %<l o]z yepuA] &= KCl1o HA
TEE 47 047%, 0.93%, 1.40%, 1.86%°1 o™, NaCle] 9EE 12 39S u NaCl #
b sme e Auks U] fsle] a3k KClo xR wgE A5 FHele ALt
NaClell tigk KC19] ddf fr e 054= LERR

Table 34. Number of subjects who selected 0.252%6 NaCl solution for strong saltiness when
compared with various levels of KCl (0.25~0.87%) (N=30)

KCl concentration (%) Number of answers for 0.25% NaCl
0.25 29
0.31 28=
0.38 26%
0.47 20
0.57 19
0.70 13
0.87 T

* Significant at p<0.05
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Table 35. Number of subjects who selected 0.50% NaCl solution for strong saltiness when
compared with various levels of KCl (0.50~1.73%) (N=30)

KCI concentration (%)

Number of answers for 0.50% NaCl

0.50
0.62
0.76
0.93
1.15
141
1.73

28

28*

26%*
19
15
12
11

* Significant at p<0.05

Table 36. Number of subjects who selected 0.75% NaCl solution for strong saltiness when
compared with various levels of KCI (0.75~2.60%) (N=30)

KCI concentration (%)

Number of answers

for 0.75%6 NaCl

0.75
0.92
1.14
1.40
1.72
211
2.60

28=

27*

24=
18
13
12
L]

* Significant at p<0.05

Table 37. Number of subjects who selected 1.00%6 NaCl solution
compared with various levels of KCl (1.00~3.47%) (N=30)

for strong saltiness when

KCI concentration (%)

Number of answers

for 1.00% NaCl

1.00
1.23
1.51
1.86
2.29
2.82
3.47

28
27
22%
16
14
O
T

* Significant at p<0.05
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@ B4 2 AHelA TFE FEe NaClel A 30 485 KO 5=
AN gl FEelA] e FEe] NaClel Aol 488 £29] KCIS $E2 73
& Ak g vl

A= Table 38-413 2th AA4F 84 Aefol A NaCl 0.25%¢°l g KClo] i
L5 Ay EW (Table 38), 0.25% NaClJJr e A s Ued+= KCI9 5% W9+ 0.25%
~087%% YEST. =3 050% NaCl> 0.76~1.41% KCl (Table 39), 0.75% NaCl-> 0.75~
2.11% KCI (Table 40), 1.00% NaCl 1.23~2.29% KCI (Table 41)3 & %5 el
e ZAE go) el A 2 89 el nls 54 X9 NaClel &-8gva
SHE KClo w=R97F 6A vetd, el ojgf el den, mepa Algto] Antk A
of d&F& A= Aoz yEsh

Table 38. Number of subjects who selected 0.2526 NaCl lactic acid solution for strong saltiness
when compared with various levels of KCl (0.25~0.87%) (N=30)

KCI concentration (%) Number of answers for 0.25%NaCl
0.25 20
0.31 15
0.38 15
0.47 13
0.57 15
0.70 19
0.87 12

* Significant at p<0.05
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Table 39. Number of subjects who selected 0.50% NaCl lactic acid solution for strong saltiness
when compared with various levels of KCl (0.50~1.73%) (N=30)

KCI concentration (%) Number of answers for 0.50% NaCl
0.50 18
0.62 21%
0.76 13
0.93 12
1.15 12
1.41 11
1.73 9

* Significant at p<0.05

Table 40. Number of subjects who selected 0.75%6 NaCl lactic acid solution for strong saltiness
when compared with various levels of KCl (0.75~2.60%) (N=30)

KCI concentration (%) Number of answers for 0.75% NaCl
0.75 19
0.92 18
1.14 16
1.40 15
1.72 11
2.11 14
2.60 4%

* Significant at p<0.05

Table 41. Number of subjects who selected 1.00% NaCl lactic acid solution for strong saltiness
when compared with various levels of KCl (1.00~3.47%) (N=30)

KCI concentration (%) Number of answers for 1.00% NaCl
1.00 21%
1.23 15
1.51 12
1.86 14
2.29 10
2.82 3*
3.47 1x

* Significant at p<0.05
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@ NaCl 2.0%E t¥e Fxo=2 A NaC/KCl £3F<de] v =

FE&A FeolA 7zt £ 2 dEE YEU = NaCle] 5% HeE ARy 1.75%
NaCl + 0.47% KCI& 1.78~252% (Table 42), 150% NaCl + 0.93% KCI-& 2.00% (Table
43), 1.25% NaCl + 1.40% KCl& 1.78~2.00% (Table 44), 1.00% NaCl + 1.86% KCIl
2.00%~2.24% (Table 45)% uEyth mepxd KClO Adigdn % (Table 38~41)¢}
NaCl/KCl €319 A dv= (Table 42~45% Wud Ay} NaClyt KClo] #ut 45 a
= YA 22 S & & A

Table 42. Number of subjects who selected 1.75% NaCl + 0.47% KCIl solution for strong
saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.75% NaCl + 0.47% KCl

1.42 24%
1.59 23*
1.78 19
2.00 13
2.24 11
2.52 11
2.83 1x

* Significant at p<0.05

Table 43. Number of subjects who selected 1.50% NaCl + 0.93% KCI solution for strong
saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.50% NaCl + 0.93% KCl

1.42 28%
1.59 26%
1.78 21*
2.00 13
2.24 5
2.52 T*
2.83 2%

* Significant at p<0.05
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Table 44. Number of subjects who selected 1.25% NaCl + 1.40% KCI solution for strong
saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.25% NaCl + 1.40% KCl

1.42 27
1.59 26%
1.78 18
2.00 19
2.24 O
2.52 6%
2.83 o

* Significant at p<0.05

Table 45. Number of subjects who selected 1.00% NaCl + 1.86% KCI solution for strong saltiness
when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.00% NaCl + 1.86% KCl

1.42 23*
1.59 24*
1.78 21=
2.00 12
2.24 12
2.52 5
2.83 T*

* Significant at p<0.05
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@ AAE F8&H AEjed A NaCl 2.0% 5 tt43 2= tA$ NaCl/KCl
EHge FognE
24 g0 AeA 2 ERGs 2 GEE UehiiE NaCle] B HIE 4vuw

1.75% NaCl + 0.47% KCI 1.42~2.83% (Table 46), 1.50% NaCl + 0.93% KCl& 1.42%,
1.78~2.83% (Table 47), 1.25% NaCl + 1.40% KCI> 1.59~224% (Table 48), 1.00% NaCl
+ 1.86% KCl 1.78%~2.83% (Table 49)= uetwtet. webs o4 KCIo ddidn e A F
I wpE7EA 2 NaC/KCl &9 dg-ol=, Avte] EA= duts skt odes
F= Aoz e

Table 46. Number of subjects who selected 1.75% NaCl + 0.47% KCI lactic acid solution for
strong saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.75% NaCl + 047% KCl

1.42 15
1.59 20
1.78 17
2.00 19
2.24 11
2.52 10
2.83 15

* Significant at p<0.05

Table 47. Number of subjects who 1.50% NaCl + 0.93% KCIl lactic acid solution for strong
saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.50% NaCl + 0.93% KCl

1.42 19
1.59 22%
1.78 14
2.00 15
2.24 14
2.52 13
2.83 15

* Significant at p<0.05
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Table 48. Number of subjects who selected 1.25% NaCl + 1.40% KCIl lactic acid solution for
strong saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for
1.25% NaCl + 1.40% KCI

NaCl concentration (%)

1.42 24x*
1.59 18
1.78 20
2.00 16
2.24 16
2.52 9
2.83 10

* Significant at p<0.05

Table 49. Number of subjects who selected 1.00% NaCl + 1.86% KCI lactic acid solution for
strong saltiness when compared with various levels of NaCl (1.42~2.83%) (N=30)

Number of answers for

NaCl concentration (%)
1.00% NaCl + 1.86% KCl

142 20
1.59 21=
1.78 20
2.00 13
2.24 13
2.52 13
2.83 10

* Significant at p<0.05

T NaCl/KCl E&9< o83 AAdAdAl et A4 54 19

al
v
o2
(o
=N

AEA S FE Ugd Ee] NaC/KCl &

L=H T
e, o] AW A (NaCl 2.0%)°] 757
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b A7 3
ORI

HAFEA O] o]lg9 7] Alm 8% W3 A= Table 503 #t}h BluE ¢3] Lrkzl X
(NaCl 2.0%) %@ dwr71xo|A NaClg 25% 2 50% A7 AdAx 2%5NaCl 15% 2
NaCl 1.0%)< BluAlE=2 E3pedrh T3k Adzd Ao o] auvjx7p 7] gshs #uto]
e s adste], HE At IR e 20%8 T oy, HE: Axrl 1.25%,
1.5% % 1.75%Fo] & NaCl/KCl 89S o] 83 AGUA 4TS 852 X389t
(Table 50). o] A&ejx AAE KCl 1.86% & A8 oju|z} v Zslo] AH|zt
NE=E7t Fodow A ugkr] Wi NaClate A3 &S e Aol gnurt Qv
derEo] 2 A A LA

BoAgel AEE AAPAE BF ol FlA Axd AL whnol st A
Az 3 10TCAA 5-4A7IT7F AF=7F 0.45%+0.050] =EshH A2 (—15°C)°i w7131,
AEANM ARG olgtel g nE AL(-15C) FH= o A

Gl
a3 AREE -15CdA AHE A7bA] A% Baesd
i 24 qtol ARE-= AT

Table 50. The information of Kimchi samples

Sample L Expected NaCl

. o Description KCI (%) ,
identification saltiness

S2.0 NaCl 2.00% none 2.00%

S1.5 NaCl 1.50% none 1.50%

S1.0 NaCl 1.00% none 1.00%

S1.5PH NaCl 1.50% + KCI 0.93% 0.93% 2.00%

S1.5PL NaCl 1.50% + KCI 0.47% 0.47% 1.75%

S1.0PH NaCl 1.00% + KCI 0.93% 0.93% 1.50%

S1.0PL NaCl 1.00% + KCI 0.47% 0.47% 1.25%

@ A= =1 %A

B#H(-15TC) Fold Z+7te] Azme= Ad 308 A AA] glo] 7|9k 9

/’ﬁﬂ%% T olo] ARES
7 0.6cm, 722H 3 A4(22+2°C)E A A F3sF o).
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Table 51. Definitions of

FEa 22d o Y Adge] Felshs 117H @n) 54, 2714
924 542 LI F 17 54S ATEAL, 74 54 9@
=4 (Table 52)= = H3IS

the descriptive attributes of Kimchi

Sensory

attributes

Definitions

Salty taste
Sour taste
Bitter taste
MSG taste

Sweet taste

Fermented

Chinese cabbage
Red pepper
Garlic

Green onion
Metallic

Fundamental taste sensation of which sodium chloride is typical

Fundamental taste of which citric acid is typical

Fundamental taste of which caffeine is typical

Fundamental taste of which monosodium L-glutamate is typical

Fundamental taste of which sucrose is typical

Combination of sour aromatics associated with somewhat

fermented dairy/cheesy notes that may include green vegetation, such
as sauerkraut, soured hay, or composed grass

Aromatic associated with salted Chinese cabbage

Aromatic associated with red pepper

Aromatic associated with garlic

Aromatic associated with green onion

Aromatic associated with metallic substances

Carbonated

Burning sensation

A feeling of a pin pricks in the mouth giving heightened or decreased

sensations near each
Burning resulting from

The

sensation in the oral cavity and throat,
exposure to substances such as capsaicin or hot peppers.

sensation tends to persist after the stimulus is removed

Stiffness

Crispness

Moisture

Toughness

The force required to bend the sample using chopsticks

The noise with which the sample rupture when compressed between
the molars 1-2 times

with which the
between the molars 3-4 times
The degree of fiber with which the sample rupture when compressed

The moisture sample rupture when compressed

between the molars 5-6 times
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Table 52. Reference samples for the descriptive attributes of Kimchi

Sensory

attributes

Reference samples

Salty taste
Sour taste
Bitter taste
MSG taste
Sweet taste
Fermented

Chinese cabbage

Red pepper

Garlic

Green onion

1.09% NaCl (Duksan Pure Chemical Co. Ltd., Ansan, Gyeonggido) solution
0.2% Lactic acid(SNT, Sungnam, Gyeonggido) solution

0.05% Caffeine (Dae Jung, Siheung, Gyeonggido) solution

05% MSG (Miwon, Daesang Co. Ltd., Gunsan, Jeollanamdo) solution

5.0% Sucrose (Duksan Pure Chemical Co. Ltd., Ansan, Gyeonggido) solution
Dilute juice of sauerkraut (Zuccato Co., Italy) with water for 1:2 ratio

The stem of salted Chinese cabbage(Home Plus Store, Seoul, Korea)

Ground red pepper (Myeongamsanchae farming association Incorporation,
Jecheon, Chungcheong bukdo) mixed with drained juice from 2.00% NaCl
model Kimchi for 1:1.5 ratio

Chopped garlic (Gana Corp., Suwon, Gyeonggido) mixed with drained juice
from 2.00% NaCl model Kimchi for 1:3 ratio

Chopped green onion (Home Plus Store, Seoul, Korea) mixed with drained
juice from 2.00% NaCl model Kimchi for 1:3 ratio

Metallic A ten-won coin
Carbonated Perrier (Nestle Waters Supply sud, France)
Burning Ground red pepper (Myeongamsanchae farming association Incorporation,
sensation Jecheon, Chungcheongbukdo)

W The stem of salted Chinese cabbage (Home Plus Store)
Stiffness

S The stem of Chinese cabbage (Home Plus Store)

W  The leaves of Chinese cabbage (Home Plus Store)
Crispness

S The stem of Chinese cabbage (Home Plus Store)

W The stem of salted Chinese cabbage (Home Plus Store)
Moisture

S The stem of Chinese cabbage (Home Plus Store)

W The stem of Chinese cabbage (Home Plus Store)
Toughness

S The stem of salted Chinese cabbage (Home Plus Store)
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3t A e = 177K 9 #54H EA = mu

@ A5 T":_L)“_]’T'b_]‘ﬁ = ’
b vhnk w3 gn) 244 2 wme Ao Auk A2 7hel] §9 49 (p<0.05) ZHol7t Q)
= o2 yvErwtt (Table 53)

ko]l 7w SISPH(HAIY =& £5(093%); YEF #AS 25%; 7Id dv= NaCl
2.0%)ll A 7+ Z3sHAl UrE}M W, 2 gSo® S20(NaCl 2.0% 4u+-7=]) > S15PL(HA
4 ‘%8 F5(047%); YEF HAaE 25%; 71t 9% NaCl 1.75%) > SLOPH(HAIA =2
7(0.93%); YEF #as 50/ e 71 9rl = NaCl 1.5%) > S1.5(NaCl 1.5% #1417

x]) > S1.OPL (A8 @& $3(047%); YEFS 50% #2; 71dl 9v%= NaCl 1.25%) >
S 1.0 (NaCl 1.0% A=) woz ofstA veteh 9 ke ASES vus]y
W KCle] H7bd Alsrt a28A &2 Alsd HE o gA =47 AL & F Advt
(S1.5PH vs S2.0; S1.OPH vs S1.5). o]& HAHEA] #jde] KCl ¥ NaCl/KCl &3 e] )
Arl= Aol FAsgd s vlE] #Auts o oAWEA A s wWiEel Aoz Alsd

k2 S15PHONA 71 7k Al YeEbyk e, S1.0PH, S1.0PL, S2.00] = th& A2 =
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obALR, 48, A7 AR 5B A9, AR 7o ol o] kel deh AFEe Aozt
wAstel AnEel 54 Fuel Aol d=sigort, f949 Aol thehhA ik

Table 53. Mean intensity scorel)2) of sensory attributes of Kimchi samples

S2.0 S1.5PH S1.5PL S1.5 S1.0PH S1.0PL S1.0
Salty 7.19b 9.31a 6.44bc 4.97de 591cd 4.50e 3.19f
Sour 5.13 5.00 7.56 5.97 7.06 5.84 4.94
Bitter 4.97hcd 7.19a 4.31cd 4.22d 5.50b 5.09bc 4.16d
MSG 5.34 4.62 5.22 4.84 5.25 4.16 4.13
Sweet 5.87ab 3.75d 5.38bc 6.50a 4.59¢ 5.06bc 5.81ab
Fermented 6.03 5.31 8.16 6.56 6.97 6.41 5.78
Chinese 64lab  7.06a 691a 53%bc  625ab  59ab  450c
Red pepper 3.31 3.16 3.72 3.16 3.25 2.78 3.19
Garlic 2.59 2.22 2.81 2.34 2.75 1.97 1.97
Green onion 2.25 1.97 2.44 2.28 2.47 1.91 1.97
Metallic 4.19bc 5.78a 3.84bc 3.75bc 5.69a 4.56b 3.38¢c
Carbonated 441 4.63 5.09 5.50 5.28 4.59 4.75
Burning 5.16 5.78 5.13 5.03 4.78 5.09 4.62
Stiffness 5.69¢ 6.00c 5.75¢ 7.03ab 6.44bc 5.75¢c 791a
Crunchness 797 7.81 3.09 8.75 8.50 7.47 3.84
Moistureness 6.88 6.69 7.03 7.66 7.28 6.88 8.16
Toughness 7.28 7.00 7.62 6.94 6.06 7.19 6.56

1) Values within a row sharing a letter are significantly different (p<0.05, Duncan’s multiple range test)

2) 16-point category scale (0='none’, 15='strong’)
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Table 54. Consumers participated in the study

Blind Young Blind Old Informed Young Informed Old
(BY) (BO) Iy) (10)
Age range 19-39 42-65 19-39 42-65
(Average age) (26.3) (53.8) (30.5) (50.1)
Number of
] 41 43 41 42
subjects
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Figure 6. Labels presented for informed group consumers

Table 55. The information of low-salted Kimchi samples for the informed group

Sample id.

Description

Presented label

S2.0

S1.5

S1.0

NaCl 2.00%

NaCl 1.50%

NaCl 1.00%

"Control Kimchi’
'A Kimchi reduced 25% of salt(sodium)
content’

'A Kimchi reduced 50% of salt(sodium)
content’

S1.5PH

S1.5PL

NaCl 1.50%

NaCl 1.50%

+ KCI 0.93%

+ KCI 0.47%

'A Kimchi reduced 25% of salt(sodium)
content by adding salt substitute’

'A Kimchi reduced 25% of salt(sodium)
content by adding salt substitute’

S1.0PH

S1.0PL

NaCl 1.00%

NaCl 1.00%

+ KCI 0.93%

+ KCI 0.47%

A Kimchi reduced 50% of salt(sodium)
content by adding salt substitute’

'A Kimchi reduced 50% of salt(sodium)
content by adding salt substitute’
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(a) Overall liking (b) Flavor liking
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(c) Texture liking (d) Purchase intent
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Figure 7. Consumer acceptability (a”c) and purchase intent (d) ratings of BY and BO consumers

for various Kimchi samples containing NaCl with or without KCI
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(a) Just-right saltiness
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(b) Just-right level of fermentation
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Figure 9. Consumer ratings on just-about-right saltiness (a)
and level of fermentation (b) of BY and BO
consumers for various Kimchi samples containing
NaCl with or without KCI
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(a-1) Overall liking (b-1) Flavor liking
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Figure 10. Consumer acceptability (al“cl) and purchase intent (dl) ratings of IY and IO

consumers for various Kimchi samples containing NaCl with or without KCl
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(a) Just-right saltiness
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HRO FLW(Table 519 4%, @& 229l BYSE IVe i 42 ehule] tiat &
% A5E 7 sl gokskglon), 19l el galAE fod Aol glol fAksl F
sba Fostah telsl Be BOs 10 @& 2ulAsh fARSHl 9w 42 e

3 Al ]
2= HAeE 7P WA wrrekld B GERE AAase] WowmA(25% Ha) tA
€ 2p2e Fax HAFE wvA 2l wla WA Hrbsks AEFE B

Table 56. Expectation for health enhance of the label scorel)2) of BY, BO, IY and IO group
used in this study

Label BY BO 1Y 10

'Control Kimchi’ 8.93° 8.93° 9.10° 8.29

'A Kimchi reduced 25% of salt(sodium) content’ 11.07° 11.74% 11.32° 11.55%

"A Kimchi reduced 25% of salt(sodium) content

c b c c
by adding salt substitute’ 941 1042 94l 10.12

'A Kimchi reduced 50% of salt(sodium) content’ 12.34% 12.42% 12.63? 12.26%

'A Kimchi reduced 50% of salt(sodium) content
by adding salt substitute’
DValues within a row sharing a letter are significantly different (p<0.05)

10.61° 11.30™ 9.95° 10.74™

2)7—poir1t category scale (1='strongly disagree’ and 7='strongly agree’)

Table 57. Importance of the label scorel)2) of BY, BO, IY and IO group used in this
study

Label BY BO IY 10

'General Kimchi’ 7.83" 10.84¢ 8.63 9.76°

A Kimchi reduced 25% of salt(sodium) content’ | 10.61° 12.12% 10.07° 11.67"

'A Kimchi reduced 25% of salt(sodium) content

a bc a b
by adding salt substitute’ 1000 1153 996 11.24

'A Kimchi reduced 50% of salt(sodium) content’ 10.76* 12.67° 10.37° 12.50°

'A Kimchi reduced 50% of salt(sodium) content

a ab a ab
by adding salt substitute’ 10.95 12.26 10.12 11.64

DValues within a row sharing a letter are significantly different (p<0.05)

2)7—p0ir1t category scale (1='strongly disagree’ and 7='strongly agree’)
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Table 58. Attitude scale GHI scorel)2) of BY, BO, IY and IO consumers

0o s ol Ao s 404 o]itel 1
0 1yl o)

-

b

(o jo 2 X

— H

o B

AL

ot 12 2
o

2
)
o

ol
ol
rr
URS
o

oo
ofl
ol
ol
32

Group BY BO Y

10

GHI score 35.71" +8.41 41.65" +7.49 34.61" +7.67 41.26" £7.11

T . B . B —
)Values within a row sharing a letter are significantly different (p<0.05)

2)7*poir1t category scale (1='strongly disagree’ and 7='strongly agree’)

Table 59. Behaviors scale towards sodiuml)2) score of BY, BO, IY and IO consumers

Question BY BO 1Y 10

1. I tend to eat saltier than others. 3.44™ 3.07° 3.90° 3.24%
2. I try not to eat foods salty. 4.85" 491" 463 5.76%
3. I think eating foods salty is undesirable in health. 6.29" 6.23° 6.20" 6.29"
4. I think using others type of salt(KCl etc.) is . i be .
desirable to reduce sodium(Na) of salt(NaCl). 3.85 4.81 4.20 5.00
5. 1 think wusing MSG 1is desirable to reduce . . . .
sodium(Na) of salt(NaCl). 2.02 2.30 2.39 2.21

1)Values within a row sharing a letter are significantly different (p<0.05)
? 7-point category scale (1='strongly disagree’ and 7='strongly agree’)
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aulAe] AwAlE W RAALge] B %ol WME BAF A%E Table 60-613 2Tk
Al 91F AHe ABEH (Table 60) A¥lAe] A& @e huxel 25 syl g
o AR SR, dolh BE WA A5 FHA AT S NES A4

Table 60. Demographic

profile of 4 groups of consumer

(%) BY BO IY 10
Occupation Housewife 24.4 83.7 56.1 83.3
Employed 24 4.7 4.9 0
Self-employed 0 2.3 0 2.4
Profession 49 2.3 0 119
Public official 0 0 2.4 0
Student 61.0 0 34.2 0
Etc. 7.3 7.0 2.4 2.4
<Zmilion won 7.3 18.6 9.8 2.4
27 4milion won 36.6 39.5 51.2 38.1
Monthly .
) 4"6milion won 26.8 23.3 22.0 35.7
household income .
6~ 8milion won 14.6 14.0 9.8 9.5
>8milion won 14.6 4.7 7.2 14.3
Graduated middle school 0 4.7 0 0
Educational Graduated high school 2.4 37.2 7.3 26.2
background In college 51.2 0 29.3 0
Graduated college 46.3 58.1 63.4 73.8
One 0 4.7 0 0
Two 12.2 9.3 7.3 4.8
Household size Three 22.0 23.3 34.1 23.8
Four 53.7 535 415 52.4
More than 5 12.2 9.3 17.1 19.0

A3 (Table 61)5 Atw
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Table 61. Consumption of Kimchi for 4 groups of consumer

BY BO IY 10

every meal 24.4 55.8 36.6 61.9

Kimchi 1-2/day 56.1 349 415 31.0
consumption every other day 12.2 9.3 9.7 0
frequency 2-3/weak 7.3 0 12.2 7.1
<= 1/weak 0 0 0 0

every meal 14.6 37.2 24.4 429

Baechu Kimchi 1-2/day 53.7 46.5 43.9 45.2
consumption every other day 195 9.3 17.1 24
frequency 2-3/weak 9.8 7.0 14.6 95
<= 1/weak 2.4 0 0 0

Way of consuming Made 70.8 76.7 75.6 54.8
Kimchi in your Buy 14.6 47 4.9 7.1

household Both 14.6 18.6 195 38.1

Seoul 26.8 39.5 29.3 45.2

Gyeonggido 24 0 4.9 24

Region of Kimchi Gangwondo 2.4 2.3 7.3 2.4

style consume at your Chungcheongdo 9.8 4.7 7.3 11.9

Jeollado 24.5 279 22.0 23.8

household Gyeongsangdo 146 16.3 146 143
Pyongando 0 2.3 0 0

Don’t know 195 7.0 14.6 0

Factors considered in Flavor 75.6 46.5 70.7 52.4
Kimchi purchase Brand 4.9 4.6 4.9 7.1
Price 2.4 7.0 2.4 0.0

Local 0.0 2.3 0.0 0.0

Ingredients content 14.7 16.3 17.1 23.8

Health related concept 2.4 23.3 49 16.7

Knowledge in Yes 58.5 76.7 75.6 85.7

low-sodium Kimchi No 415 23.3 24.4 14.3

Experience in Yes 17.1 23.3 14.6 23.8

low-sodium Kimchi? No 82.9 76.7 85.4 76.2

Willing to try Yes 87.8 83.7 90.2 976
low-sodium Kimchi? No 12.2 16.3 9.8 2.4

Reason for willing to Health 383.3 33.8 33.8 65.9

try low-sodium Dietary improvement 5.6 2.7 8.1 195

Kimchi Etc. 11.1 135 8.1 14.6

Reason for not willing Flavor 80.0 66.7 1.00 1.00
to try low-sodium Etc. 20.0 333 0 0

Kimchi
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Table 1. Recipe of 1.0 low-salinity kimchi

Ingredients Ratio(%)
Salted Chinese cabbage 83.03
Radish 4.00
Red pepper 3.20
Garlic 2.00
Ginger 0.30
Refined sugar 1.00
Water 4.00
Green onion 2.30
NaCl 0.17
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Table 2. Production process 1.0 low-salinity kimchi

Condition

Process

Process step

No.
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Figure 1. Brined cabbage based model

(b)

1.0 based model

model

kimchi

microtitre plates.
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Al koA dE T2 w5 370 2 918713 NIZO
of Rfd 2 FA 1/ME A48t 27FA] Micro modelel H3E § wiStdd s s3]
o} ol A2 mictotitre platedl A st Th NIZOoA A7 5 Lactobacillus
crispatus(NIZO1456) A& A F-ol A #ok Sl 7]oJe 4= Qivfa ddke o

AARE A7bA v o} #Fe ofgel 2.

Leuconostoc citreum JG-06 (o}$]E)
Weisella koreensis D2-115 (o}9 &)
- Lactobacillus plantarum D2-067 (o}9 &)
Lactobacillus crispatus NIZ01456 (NIZO)

ol Al AT 27FA] Micro modeloll 77} &5 H7ist Bella} H7behx] 82 RA(F 47}
A me) o W HESte] 79 FF 30TAA MAFAL MY LEE ABATIA FL
93 AR A Age 30CE AASF T MRS v Aol 24A17F E<F v gd dFE
S A= 2dol 1% HZF 3

HEHE F #FE(cfu/m))

- Leuconostoc citreum JG-06: 1.2x109

- Weisella koreensis D2-115: 8.3x108

- Lactobacillus plantarum D2-067: 1.3x10
Lactobacillus crispatus NIZO1456: 6.5x108

W 19, 290 2 7RG A pH, % R SARUD Y 20 2L TYAe] Bx5
e 71 A slgEAde S 4S9
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Figure 2. Organic acids in brined cabbage and kimchi Model 1.0

incubates after 2 days.
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Figure 3. Total relative quantities of volatile aroma compounds in brined

cabbage and kimchi Model 1.0 incubates after 2 and 7 days of incubation.
(2) 2389 AP o+ A

AAMF o}l &3 € 7]# NIZO9 w5 Z8 oA o+ 4A83ste] small-scale 2~7E]
ol AR&EFSith ol Y F oA doj FFE= Table 5(1x W% W-&)ol] 7] HAZ #F 5
A=A 2 ¥ leuconostoc, weisella ¢} lactobacillus®] $1th. NIZOE=NIZO2| dlo]E H|o]
2 T ANES TN SFHEES AMT TtsAol e dFES Adsden F2

lactobacillus crispatus, lactobacillus helveticus ¢} lactobacillus acid philus & ] 1t} NIZO
o] #FEL Table 30 A A AT
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Table 3. Lactic acid bacteria pre-selected from the NIZO culture collection for screening.

Genus Species Strain code Remarks
Lactobacillus crispatus NIZ0O1456 may yield salty taste
Lactobacillus crispatus NIZ0O1457 may yield salty taste
Lactobacillus acidophilus NIZ0233 may yield salty taste
Lactobacillus acidophilus NIZO226 may yield salty taste
Lactobacillus helveticus NIZ0239 may yield salty taste
Streptococcus thermophilus NIZO8&86 may yield salty taste
Lactobacillus casel NIZ0O1910 from dairy, heterofermentative
Lactobacillus casei NIZ01694 from soy, heterofermentative
Lactobacillus casel NIZ01949 from dairy, heterofermentative
Lactobacillus buchneri NIZ0O1308 from plant, heterofermentative
Lactobacillus fermentum NIZ0O3909 from plant, heterofermentative
Lactobacillus fermentum NIZO1572 from fruit, heterofermentative
NIZO®9} of] Foll A Aut T3 7hsAde] dvtal feksl= 22709 d55 13 23edst
ATk o ES AA AANA AT F AeE FATES FEHELARE AY9sion, NIZO
= 71 ATEAE A= Aol Ayl 31 seES AAYsATL Asd fAkdEd V1S

A T
NIZO databasell &=l 9ld A% Eapgo] A5 A fFikts ~agdeslh 14
gy ® #FF 522 Table 40 A At}

Table 4. Lactic acid bacteria selected for screening in the small-scale microtitre model.

Strain Code Strain Code
. . Lactobacillus B
1 Lactobacillus crispatus NIZO1456 12 brevis JG-45
2 Lactobacillus acidophilus NIZO233 13 Lactobacillus sakei D2-212
3 Lactobacillus helveticus NIZO229 14 Lactobacillus sakei OH-06
. Leuconostoc B
4 Streptococcus thermophilus NIZO886 15 citreum JG-06
5 Lactobacillus casei NIZO1694 16 Leuconostoc D2-281
citreum
- - Leuconostoc B
6 Lactobacillus casei NIZO1949 17 Kimchii D2-224
. Leuconostoc _
7 Lactobacillus fermentum NIZO3909 18 Kimchii 0-10
8 Lactobacillus plantarum D2-67 19 Weisella koreensis D2-115
9 Lactobacillus plantarum OH-05 20 Weisella koreensis OH-03
10 Lactobacillus plantarum MBO-1 21 Weisella cibaria D2-43

11 Lactobacillus brevis SS-25 22 Weisella cibaria D2-120
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Figure 4. Brined cabbage and Kimchi model 1.0 slurries bulk material
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Figure 8. Selected aldehyde levels after 5 days of incubation in brined

cabbage (top) and Kimchi model 1.0 (bottom) slurries.
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Levels of total volatile sulphur compounds after 5 days of incubation in brined

cabbage (left) and Kimchi model 1.0 (right) slurries. Relative peak areas are shown.

Figure 9.
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Table 5. Lactic acid bacteria selected and main considerations for selection.

Main considerations for selection

Strain Code (+=increased formation, —=no (extra) formation)
LA Ac Succ Faa Ald S cmps
1 Lactobacillus sakei D2-212 + - - + + -
2 Lactobacillus sakei OH-06 + - - + + -
3 Lactobacillus plantarum D2-067 - + + - - -
4 Lactobacillus plantarum OH-05 - + + - - -
5 Leuconostoc kimchii 0-10 - + + - T _
6 Weisella koreensis D2-115 - + + - - _
7 Lactobacillus plantarum MBO-1 + - - - - n
8 S. thermophilus NIZO886 - - - + + -
9 Lactobacillus acidophilus NIZOZ233 + - - - + +
10 Lactobacillus helveticus  NIZO229 + - - + + n

LA-=lactic acid, Ac=acetic acid, Succ=succinic acid, Faa=amino acids, Ald=aldehydes,

S cmps=sulphur compounds

AAF obl o] Auta Aol 3t 27 43 R NIZO9| dead A s A AA

1078 55 ol &3dto] 450g8 Fe| AT AE AzsA

D AT

de 1070 s ERAA 10 2 ddujF SdEded fHFeke] 450g A IIA

AzsFt dAduj3, 2d7x10, 2 1:1:159 vHL2Z(FA) T8 3 EAYE o] L3
Bsle] #2318 TFES WHEQT o] EFES S0TAA 38 H¢t =8 AwE et
F450gH Furwle] Yo 3 (L 70 © %

obof] A EAEe] g A 7 tH(Figure 10).
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2 kg brined
cabbage

2 kg Kinmchi
model 1.0
_l_
| 3 kg water |

o

Pix and blend
thoroug hly
h
Pasteurise in
orne batch (3
miin, B80C im
water bead

Fill sterile cans
for ferrmentation

Figure 10. Schematic
representation of the
450g scale model Kimchi

Fermentation in sterile Seward stomacher bags,
Sealed to prevent any contaminations, and placed in cans

Figure 11. 450 g model

1.0 in bags and cans.

Different ferments a.‘readypfacrd in cans in 30°C stove

brined cabbage - Kimchi

preparation.

e A A A7) B4 2 AHS £0184 37 9814 Micro model Bt} Eo] sk
57k~ A Pilot scale® 22 models 7H&st3ith.

12k A (80°C, 35—)74249‘ AA 10709 w575 JAFs7] gk #4% ¢ Z2E Y5t
At} R Ee MRS wj Aol A vjgF3sted o) S. thermophilus:E £ SA4S 1173l
LM17 ulj =] of A HH 3‘5}91‘3} 24Xt ok wjFd Zhzte] wE FHlElES £ Bl 1%
A JEsdt. T E JEsk7] Aol nAEFAR wiAE A A7) 913 PBS &do= gk
MAsEATE. 1 F 450g AR T 30°ColA 54 <9t A ote] Fat FF otol A njdE At
(Figure 11).

a7t g F 80TelA 3% st TH Attt Av ' AR RS AF 5
NIZO #5434 R pH, H3x3gE 5 SA-d AFEsAth U A 400g AlEE2 Aol @
o] off] el FH-= AT

W #=H7}

717 NIZOo A Td% g 2-5o] A3k #utsAe] Aut =5 s #3
7 Hastdnh (& -AA] @k, +- ok A+ A 8] Ao}, ++m) g A

o ZxssdE g 54

AEL Turrax AgHoZ s &3 2 dAstst & 32 Fe ol vkt
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- ot At
FrelobH] .24k Phenomenex®oll € g+ F A stE St A

Liquid Chromatography - Mass Spectrometry (LC-MS)<

offt og
o
ot
a

- fAuy ggE
Head Space Solid Phase Micro Extraction(HS-SPME, Head Space Solid Phase Micro
Extraction)oll 9|3 ZEFZ $ HAAHE AA stES #AAsta glshr7] fdl Gas

Chromatography - Mass Spectrometry (GC-MS)S % &3} t}.

- 714k
TE FF § 45 HPLC AR A FHFo=zA AHS FElete] gttt AAs
o] g3lo] 7+x3tt}t (diode array of at appropriate wave lengths)

¢b pH W3} 574 23}

a7t B 5, A5 pH 54 A3, i 757 £ €4 9 A E Bion,
NIZO®| 27 +#5(NIZO886, NIZO233)7} &&Adel FstA & Ze #zstdth(Figure
12).
6,00
5,50
! pH before pasteurisation
5,00 = pH after pasteurisation
=
- 4,50
b
4,00
3,00 - J ; n Bl | N
g8 |s|8S8|l8| =S| S| =2
SIZ|E|Z[(3|F|(gl8|8(8|=5
8 S g8 © 8 £ B B R =
= = =
1 2 3 4 5 6 7 8 9 i0 | 11

Figure 12. pH of 450g ferments after 5 day incubation.

W #5 H7r A7
NIZO oAl Aadd FAsAFdA dF Algmdgoe] ¢ ZsA dele AS #EsATh
(Table 6).
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Table 6. Informal sensory evaluation of 450 g ferments at NIZO.

Sample Culture applied Saltiness*
1 D2-212 +
2 OH-06 +
3 D2-067 ++
4 OH-05 +
5 0-10 +
6 D2-115 ++
7 MBO-1 -
8 NIZO886 -
9 NIZ0233 +-
10 NIZ0O229 +=
11 references* +-

x*Saltiness was scored by 2 trained and experienced graders from NIZO
(- not salty, +—: slightly salty, +:clearly salty, ++: most salty)
x+the (sterile) reference sample was incubated but did not contain a culture

BRGE G £ A

GCe} HPLCS ©]-&38to] 450g Aot Ale] Hx3etE s 45t

1=]
Ce

i

202 W

ol

od Ml

% 2zEd Al A
o
=

Aol AL Aow et} 53,
W Aolgtw AAH & <

A ol ol A F7fst

H At (Figure 13). 4F 9 4952 5 D2-067, OH-05, O-10, D2-113 NIZ0229
ol 1 S7HE & Aoz Yeykar, 22 77 MBO-19 93] g3 F7tHE o=z 1
At} (Figure 13).
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= Acetic acid

Figure 13. Organic acid levels after 5 days of incubation in 450g model

brined cabbage -Kimchi 1.0 in cans.
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& el obvlmAl FFEE el wE F Aol weolA ekgith(Figure 14). = FEAI
ol Ayt ZEARS Alg o] gul Frtbo] s]ojd = glal I o] ofu]AES F38HEE FElo]
=7F Aule] d@ds mAE oR yeiwth S FEAY ofA2TE EARS ﬁ% D2-067,

G FAHL Aow Esk z
Ge How et ARl el el YE A7 e ag w}ouumgure 15

dusl =, g 2 54 A e Aut Ao F8% IS = 7 US
Zlo] e} 7W st o, 450ge] AlROlA dHFE FE2 FoHom tEXA] ZUrh oA
A FEE MicroE 2o A small-scale® godhol] we} SR A a7t ddstA] eFof
714 4 V@EJ FE A FAAQ] GFE A7) Bl Aoew FHAAY. F F s}

=S w7 MBO-1A % 9=2E5 B (Figure 16).

‘r‘

NIZO<] micro—foodel tst ols| & nlfgte =z uiF Aitd #AorSA = v Az AF
I 2 Zol7F YlE Aog ATFHA

umol/kg

Figure 14. Total free amino acids after 5 days of incubation in 450g

model brined cabbage - Kimchi 1.0 in cans.
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Figure 15. Concentrations of selected free amino acids after 5 days of

incubation in 450g model brined cabbage - Kimchi 1.0 in cans.
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Figure 16. Relative amounts of total sulphur compounds after 5 days of

incubation in 450g model brined cabbage - Kimchi 1.0 in cans.

NIZOO| Al AA & AutZx A4 Az WHS 7|9ke 2 lab-scale A% 348 2 T+
S a=
7h 1# 38 FF M
g A A 13 10 = ARZZA o tfaf o] =

> !
Aol ola 107 #FAA 14 F
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i
ol r
uﬁ

S

|

105 AntEAe] Ate, dx A% 9 YEF s S-S dE7t & &
gl ojnl/o]HE FrtetAtt SAHAWHE W BAFT ARE dEs F, st FFd g
S dojujo] ZH4 39mLol] Asle] Amel AxE =439 tHCompact Titrator G20,
Mettler toledo, Switzerland). %= &4 242} 7| (Colorimeter, CM-3500d, Minolta, Japan)&
o] &3sto] EAATE T WMARS o] 8319 calibration A7l colorimeterol] A|EE N
=48 celld 234% R cell& FA4T A 2 ths Lik(Lightness), agt(Redness),
#(Yellowness)S =7d38tith o] w A4&3 ¥+ W3S L=9659, a=-0.14, b=2.08°] A1 t}.
UEF &% 342 A5 03-05gs HAstar A4F 8ml, H202 2mlS 7}8Fil microwaveg ©]
&35t AAHYE st Y. AAHZH A5 5 PerkinElmer/7000DVE ©]-83F 589.592nm 3}
ol A SA skt

d

@ A2

10F A&l ti3h A=, 9= 2 YEF & 54 2= Table 7o A8t

Table 7. Acidity, salinity, sodium content and hunter’s color value of 10 ferments.

Hunter’s color value

Sample Acidity (%) Salinity (%) Na(mg/100g) L a b
1 D2-212 0.77 0.50 201.00 36.70 -0.46 15.04
2 OH-06 0.76 0.49 184.60 37.48 -0.09 16.56
3 D2-067 0.70 0.51 253.30 38.14 -0.54 18.14
4 OH-05 0.60 0.41 214.70 33.53 -1.18 13.22
5 0-10 0.70 0.48 178.00 28.18 -0.82 10.39
6 D2-115 0.16 0.57 165.20 21.27 -0.25 8.28
7 MBO-1 1.24 0.46 186.90 32.29 -1.17 10.95
8 NIZO&86 0.14 0.50 216.70 32.15 0.13 14.83
9 NIZO233 0.70 0.49 189.90 21.70 -1.01 7.59
10 NIZ0O229 0.77 0.53 177.20 31.34 -0.98 12.11

Abat tFoll wheEl Alse] o] s}E) %*é of z}ol7} BTt AEE 0.16-1.24% oA =
&) 6-0.7%Z% JeRATh 9dx= 041-057% HY e o
Atk YEF FFe 10W 75 W 74 GrA (177.20mg/100g) = A ¥ 93, 3 o
I

2 245
T AlE+& 25330mg/100gl.2 71 BS YEFS ot AoE Yehdnh =3 7F
o wEaby F AR A% gl GBS vAE Ao HEHUG

Zﬂl_‘g 7]-‘4’./] 5 yﬂlﬂ‘:# C':ﬂ ] jﬂ'%@@—% %Z‘SH ferment 7 O]El]’ O]-ﬂ7} H]_E/_Zﬂl
73t 3% (ferment 35,7)S A &st= Aoz FAstAT).
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AEHoR 107 TR FFodA TE AR 2 Foll v AAFH o5 ME AA
ko] 12 HFH o R F 4l 55 Adstd ti(Table 8).

Table 8. Lactic acid bacteria selected and reason for elimination.

A T &3y 2 A 4 ko] A AL
1 D2-212 Lactobacillus sakei A o) -
2 OH-06 Lactobacillus sakei A 0 -
3 D2-067 Lactobacillus plantarum A=A X olnl /o]
4 OH-05 Lactobacillus plantarum A3 O -
5 0-10 Leuconostoc kimchii A=A X oju] /o] #
6 D2-115 Weisella koreensis A 0 -
7 MBO-1 Lactobacillus plantarum A X oln] /o] H
8 NIZO886 S. thermophilus 71EbA F X vl A& 2
9 NIZ0233 Lactobacillus acidophilus 71EbA F X H) 72X F
10 NIZ0229 Lactobacillus helveticus 71 EbA & X Hl A 2
() #uts2A Az A Ag
12 A4 47]';(] ﬁ“zr%% Abgete] A AA A2 Ad AdS JAYsEAT Alxd A
Ed 9 Hxs3tE &5S B4 Y NIZO9 #4235 #Fa
o

NIZOo| A A 3F 2|z WHol] whg} lab-scale AEt524 A Z2E A3t Az Ad A
e F 33 & HAsAT. Eg LAZ AFESH) 3

ALEEH712 ST oo whEl Hj%Fo] B & AUt AE st AYIIE AAST &
}6]'%—0 ol LHEEJ,]_ o]_

R4

A7VA] AntE A el A, A, M B YEF S S SN
s A dojudo] pH meter(Seven easy, Mettler toledo, Sw1tzerland)i pHZ &
AstRon, lge HoA ST 39mLol 3gAste] 4= AxE F4 st tHCompact
Titrator G20, Mettler toledo, Switzerland). %= =42 A 2}A (Colorimeter, CM-3500d,
Minolta, Japan)E& ©°]&3sle A48T BT NAHRS o] &3t calibration AlZ!
colorimeterd] A &5 A =& celld 23 % 21 celle AT YHd =& gL Lik
(Lightness), a%t (Redness), bzt (Yellowness)<
L=96.60, a=-0.12, b=2.07°] 3t} HEF F =
2mlS 718k microwaveZE o] £3}¢] ;ﬂfﬂ
7000DVE ©]-&-3}o] 589.592nm 3ol A =73}

0%

AN

¢

LI
rlo
l
o

3- 05ga FHstar A4F 8ml, H202
5l A 'ﬂr. HAAeld A5E PerkinElmer/

iu) JIN
[t

s 1
i3
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@ BEHTE Y 34

-

AEL Turrax Aoz 3] &3 9 HFAstst & HE2 fFejyol niEstdh
- frelobu Ak
fr2]o}r] =42 Phenomenex' ol 9|3t FEAsE Foto] A Fslstot.

Liquid Chromatography - Mass Spectrometry (LC-MS)< E3lo] A& S Hlskgdct

- fr71ak

TE 3% 3 4= HPLC Ay Ao FYToazn S Zelstol FZsstart. s
o] &3] 7Hx At} (diode array of at appropriate wave lengths)

@ A+43

g
474 AR pH, E, 9%, HEF F%F L ME 24 A= Table 9 gtk

h 84

A7FA] Az 8] olstey SAo] AR Aem wEEG e D2-212, OH-06% OH-05,
o

D2-1152] AbxoA ztol7b BT wE A F OH-05 D2-115°] 28] 7]4ko]  @ol
AALE 7] wjio D2-212, OH-06°] Xt} OH-05 D2-115% Alg3] wheE Al89 A w7}
02% 4= =2 Aoz Z=AHJ Y} Figure 18). 9% 2 YEF o] & o7} gl Ao

= A AT

Table 9. Acidity, salinity, sodium content and hunter’s color value of 4 ferments.

Sample pH  Acidity(%)  Salinity(%) Na Hunter's color value
(mg/100) L a b
1 D2 212 347 1.00 051 20027 1662 029 304
2 OH-06 347 0.99 051 20863 1645 028 347
40H-05 351 123 051 2100 1685 027 406
6 D2-115 352 116 051 21093 1822 035 520

Az Ad AdE g3l U= ARSAAY Sxdd= FEFE AU 54
Figure 17 % 18] #AlAletaitt. 5 D2-212 31 OH-06, OH-05 % D2-115¢ A7}
g Zew @A 5, D2-212 2 OH-069] frejotvlest, 53] IFFEAte]
OH-05 % D2-115 Bt} ¥2 A= yeEpyth v D2-212 31 OH-0604 %4t ]
HAARE OH-05 % D2-115 Al 50X+ gram%¥ 2mgs st o2 SH= AT

rlo
=)
N
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Figure 17. Organic acid levels after 5 days of incubation in ferments.
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Figure 18. Concentrations of selected free amino acids after 5 days of

incubation in ferments.

NA NEL Bl A3 guEAAE NIZOQ AFY 593 FAHo2 AxFHow, o
stebd 54 9 Hx3EE] sk BT abolrt Qv Aoz BAHT ol AntEAl
Az Al NIZOAA = dg@@tsolA T3 & dE dAREE ALEst A7 "
AT Apo] wio] AFe FAOA Ao]7t YEhve= oz FHEEH T o glE Ax
A= B NIZO Az Alse Hx shstE s 54 Aol7p YA dFo] B Hx 3}
8o e fAle Aow Hrh = D2-212 ¥ OH-062 & onwal 538 FFE
Abe] kol AiF o ® =i OH-05 % D2-1158 24F ko] =o o] HAstyct. o}

& E A A7HE L,

Ao Az AuEAAE NIZOZ E5eo] NIZO 934 2 FAgdo
I A3} NIZOo A wHeE o7 ¥
of MEAAR AZTS A NIZO A o WiEste] o8 T2 Ax @ AuSAAE AHF
7hate] wtEA o R FHS AF3AT
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AnbA o= Alvke Agtat SRl FEAAE 7] wiel Aste] S Avts St
ANZtar A B Ao s Ao gurEdA 2He A AurEAA] ZA oA e
U= Algke] J&s FHAstelr] Yal 12 ZEHS 419 w5 T A% T key 2]
714kl = Almbo] 9% AutEd g¥E 7MW 75 OH-05, D2-115% A9ttt HE4 o
2 22 Ao A #F D2-212, OH-06 2%& At

(2}) "ut=24 Az A HAE
AZAA Az FAARNS AES Y] 98] NIZO AA e 2 79 A 38 AZs

| 98l 12k A (80°C, 3+ +') 2 2xF A (R0°C, 3% T ') E Al
AstAdth. T FAE Fss BRATFTHE ARt SA skt 14
FHAIEE ARE S A& ATHS HEd 085% A ATE dAEE
g 9 g8f3te] Wze MRS Agar (Lactobacillus , Difco Laboratories
Inc.)ell 0.1 mLA #Fste] =@datsnl 37°Col Al 1728 3F wid7ol A v Fsha, v
I
A

dl

sto A F2Y 7H4(colony forming units per gram, CFU/g)Z& &

CFU/go. & et Table 100 HE 2, wjok 3d4, vieF 95, 23 A 39 = §4F
I ol s SAHZAYE AASA T NIZOA A A A g At 2742 Micro model$-°]7] o
ol small-scaled]l &3S A 2t 2arl dF AdyH= Aow eyt wEkA

| =
small-scale-&oll &7 93 4§ x2S FE HAES F/12 A3

T+ JE A A8 F Akt v 582x106 CFU/g, 1x &+ & #5+ 44x105

=

Table 10. Total lactic acid bacteria number of ferment.

(CFU/g)
A& HqHE ¥ Hl F3 =} v T 22 At ¥
D2-212 1.70x10° 6.33x10" 7.40x10° 2.55%10°
OH-06 1.70x10° 1.44x10" 4.40x10" 1.31x10°
OH-05 3.70x10° 4.9x10" 6.13x10° 2.73x10°
D2-115 1.40x10" 3.09x10° 4.53%10° 1.82x10°
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T ) )

&= RS Agar (Lactobacillus , Difco Laboratories Inc.)ol 0.1 mL*
BFelel muaelth. 37CAA 17203 sl A Wt MR el colony FE
2

o

sl A ZF2Y 7R (colony forming units per gram, CFU/g)® & fAHF+E =43}

T d S Fsisith dix #F2 D2-2128 A
of At Atz AA Aol Abgstsivh Avt W2 ofefel ol sl

547 wigHE ANRE HEE2ZE 7tdAe {dojx=® 4 g E=ZE(PRS-06-1VC,
Kyounghan, Korea)} & ©|&3le 8T, 30% &<t Adstdon 714 A7l a9 A&
< F&o] 20Cols7t ¥ es W7hstd

—EANE

59 7+ wjFE A& = Cooling Trap Teflon( Coolsafe 110-4, Labogene, Denmark)< ©]-&
sl FAAZRE WPt

-4 EE

59 7F g E A B E 40gE dolo] 50ml A F o] Yol High Speed Refrigerated

(VS-24SMTI, VISION SCIENTIFIC, USA)& ©]-&3to 9000rpm, 254 &<t A4l 3t

g g
4E 4 259 7GR AR FY 4 HAEE Adsg 49 2Ae ohdsh 2
ohoER 14 A 20 $YE F 2% 4% 27 HaEE A9ekar

1A} At 2% 80C/15%, 80C/30+, 85C /154, 85T /304, 90TC/15+

22F At 2710 70°C/30%, 80C/154, 80C/30+E, 85T /154, 90TC/15+%
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~BAAZ o1F Y oz} eksAT kel W Fatel wis ZHAA AT

—AAlE e ol B ol ofspAut Mubow wro] wjg- ofsta Azl g3t

13, 220 2308 59 Avtd Alsel Wal S F fakat 2= obdl Table 11 3 129
uhsteh At Bk 99.99%S V1= o2 AAskln ol wel, 13 Ayt 2312 85C/15%,
85C/30+, 90°C/15% 37FA7F A dak Ao yeyth 3704 =3 5 85T/30+, 90T/15%
o& AdE AEE & SEoAM F7IZE 7hdsty] el tizatel wlel Aluto] ofsta
ghbo]l AFekAl vehvs AE wEskdh B3 A A8AE aelA 14 At 242
85T, 1522 sttt 14 4wt 23S S §, 23 AdH2ES sl 24
et Alge] AR, w5 oagste] 6704 238 A4 s dde sl =4 A
FH A5 F f2bd FE Table 1201 AIAISHYTh 24 &3 718 99.99%= A3
= A 67 20 B ARR e R ygtou, weAl SwelA dizwyt Aolrt 7hE
A& 80T, 1502 gttt

Table 11. Total lactic acid bacteria number after 1st s pasteurisation.

(CFU/g)
Sample Total LAB number
control 7.00%x10°
80°C/15min 1.15x10°
80C/30min 2.50x10*
85C/15min 2.65%10°
85C/30min 1.40x10°
90°C/15min 2.15%10°
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Table 12. Total lactic acid bacteria number after 2nd pasteurisation.

(CFU/g)
Sample Total LAB number
control 2.23x10°
70°C /30min 2.10x10*
80°C/15min 1.00x10”
80°C/30min 0
85°C /15min 1.60x10?
85 /30min 0
90°C /15min 0

Aok A HEd 54 #5771 F A2 A8 =AE fosty] fs guk XA
NAE ZE23dE gQlstdt. gk 14} o] AFdAE AFs7] 98 14 A 34
Aekst AFe] vAE ZEI3AdL sttt D2-212, OH-06= Al&3te] A& ARE
A zsk Ak D2-212, OH-062 57 lactobacillus sakei & ©]t}.

ANg W EA3E vAE AA¢ DNA, RNA #3130t 813 DNA9 cDNAES %]
2 dHgelE A oYy e E84E Eol7] §3 adapterE EE Uk EoF3
t}(Tagmentation). ©]#]s+ DNA ©¥H & (Adapter-ligated fragments)< PCRS o] &3 33

AE AAH FHE golB e g7t A=A

23to] A d A S (Cluster) S HE2A
S YeEl = 33 A 7 F
FA7F dold wj7hA]

ol\
IS
ol
o

%] DNA ©#HES Capture arrayel hybrid A7l
t}(Bridge amplification). ©] &3t A Hd o] 247z o=
a %

23

N
=
W

i

-‘ﬁﬁ

Z¥l Nucleotide(modified)”} Terminator group2-
ZF7F4 91 Nucleotide®] @A o] E7Hs3sl7] witol A Aol HPE o]
o ol A= FFxA Ul HAE exiting A=A M= FFE FAc. wpA o
% Washing #4<= &3 dFs AAS § b3 99 Squencing= 913 ¢ #}8e wh&

= W
B oye Lo

%
o

)
M od

o
o

KR

ol

N

=
=

Sequencing #4S F3 92 Raw datae [lumina® #4 2zl MCS(Miseq
o
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12k Adts AR 27k AuexlAle] s S AdEW, D2-212 AR
weissellae 31.5%, lactobacillus sakei< 29.7%, streptophyto< 14.6%, 7}E} 242% =% =4
Fa OH-06 AlEo|&= weissella> 31.9%, lactobacillus sakei< 27.8%, streptophyto
16.5%, 7V} 238%= D2-212 Al59F fAbgh HES HoFioh 13 AdS Az A
D2-212 = lactobacillus sakei& 53.5%, weissella 35.7%, 7|} 10.8% =A% OH-06+=
lactobacillus sakei-< 52.8%, weissella 31.7%, 7|E} 55% % =Rt 2SS A A5
v HES 54 T lactobacillus sakei7t F #FOR HAFAT AS A S AR
o Al lactobacillus sakei 29%%F ZA|3l= Ao 2 YERS Oui lactobacillus sakeiol #] 3|

Hrlo jﬂ rlr

weissella o]l o @& ZAow #FHATH ofd whel, 12k o] g o ® Py
Aok = 1x AdS AR AR HES 5 5 T AR A&k AS gl
At

Ferment1-1 Ferment1-2

3.3%

m Streptophyta

B Lactobacillus brevis
B Streptophyto
W Lactobacillus plontarum
B actobacillus sakei
B Lactobacillus sakei

= Weissella
B Weissella
BThe others
W Lactococeus

W The athers

Ferment2-1 Ferment2-2

30% 25%

m Streptophyto

B Lactobacillus brevis
: B streptophyta
M Lactobacillus plantarum

W Lactobacillus sakei
B actobacillus sakei

B Weissella
B Weisselia

Biscio WThe others
CtDCocCus

W The others

Figure 19. Bacteria of ferments. Ferment 1-1: no 1st pasteurisation(D2-212),
Ferment 2-1: no 1st pasteurisation (OH-06), Ferment 1-2: 1st
pasteurisation(D2-212), Ferment 2-1: 1st pasteurisation (OH-06).
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Aotz el pH, A%, 9%, Ae 9 YEF IS SASIAT SAAYHS AEE €O
o] pH meter(Seven easy, Mettler toledo, Switzerland)® pH#S =AsqoH, 1g8 ¢
ool T/ 39mLel| 31X st A=l dxE AR H(Compact Titrator G20, Mettler
toledo, Switzerland). M &= =748 A4 (Colorimeter, CM-3500d, Minolta, Japan)E ©]-&3}
of Bttt = WMAAS o]&3to] calibration A% colorimeterel A &E A A&
celldl 2/3A% &3 cells HAET Ao 2 v Lik(Lightness), agt(Redness), b#k
(Yellowness)S =43t o] w AF83 T+ W3S [=9657, a=-0.13, b=2.08°] At} L E
F % =4S A8 03-05g5 Hst AAF 8ml, H202 2mle 7}8le] microwaveE o] &
ste] A2 E stk dA- " A|EE PerkinElmer/7000DVE ©]-&384 589.592nm o}l
=)

HPLC 29 4ol Fqgtozm e elste] 4 gstatant. 4eae

L
a -
o] g3lo] 7+x3tdt}t (diode array of at appropriate wave lengths)

b AEAA o HBFEA A A

g
D2-212& AF&3sto] A x3k lab-scale &uts Aol il o]stet2 54 4] A3+ of
Table 13l AAetith. ool whel AutFzAe] lab-scale Az FFS FHIAT. =, 4
T 092-1.18%, 9% 0.45-0.51%°] At}
Table 13. Acidity, salinity, sodium content and hunter’s color value of ferment.
Sample pH Acidity (%)  Salinity (%) Na Hunter's color value
(mg/100) L a b

D2-212  3.49+0.04  1.05%0.13 0.48+0.03 190.30 22.91+0.13 0.98+0.13 8.28+0.28
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Figure 21. Organic acid levels after 5 days of incubation in ferment.
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Figure 22. Concentrations of selected free amino acids after 5 days

of incubation in ferment.

134




3
N
ok
2
BN
of
o
o

3:
ol
ol
ol
8

5214 lab-scale #| 38 ko 2 i A A 1 3L pilot-testE %
}ich. Table 140 A% vlgH] 2L Figure 23] A% &AZS A AT

ol

B

Al ALl A3 AukS Aol el o] sketA S4& 248k

Fubs A el pH, A%, 9%, A% 2 UYEF FHE SAHAT SAAYHS A5E E9
o] pH meter(Seven easy, Mettler toledo, Switzerland)® pH# S =Astg o, 1g& &
Aol F/HT 39mLel 3|A st AtEel dEE A 3FH tH(Compact Titrator G20, Mettler

cell& =43 QAo *& v} Lit(Lightness), a#t(Redness), bk
o

(Yellowness) <

toledo, Switzerland). M &= =74-& A4 (Colorimeter, CM-3500d, Minolta, Japan)& ©]-&3}

of A3t 5 WA o] 831o] calibration AlZ] colorimeterd] Al&E HA] A&
Il 7
)

cello 2/39% =

=A3dr}. o] w) ALEE EE WIS [-9657, a=-0.13, b=2.080] 2t} LHE
¥ A4S A= 03-05gS FHstar A4 8ml, H202 2mls 7Fsted microwaves ©] &3}
AAYE A AAHZH AEE PerkinElmer/7000DVE o] -&3}e] 589.592nm 3}l A
5194 o}

11}1‘ 2 o
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Table 14. Recipe of ferment.

(kg)
Ingredient weight
Salted Cabbage Salted Cabbage 10.00
Salted Cabbage 8.30
Radish 0.40
Red pepper powder 0.32
leeks 0.20
1.0 Kimchi Garlic 0.23
Ginger 0.03
Suger 0.10
Nacl 0.02
Water 0.40
Water Water 15.00
Total 35.00

D2-2125 AF-&35te] A ALEsE A ukS Ao s olsted 54 4 Ay of Table
150 A A9} Lab-scale A %3 A F3} F4 50 :

Y oz AFHQI) ol u
s o). (figure 23, 24)

Table 15. Acidity, salinity, sodium content and hunter’s color value of ferment.

Sample H Acidity(%)  Salinity (%) Na Hunter’s color value
’ ’ v v (mg/100) L a b
D2-212 3.49 1.12 0.45 165.60 19.33 0.11 4.29
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Figure 24. Production of ferment.
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Table 16 . Inspection item of ferment safety

Microorganism Unit Remark
Colon bacterium CFU/g qualitative analysis
Coliform CFU/g qualitative analysis
Listeria monocytogenes CFU/g qualitative analysis
Bacillus cereus CFU/g qualitative analysis
Salmonella CFU/g qualitative analysis
Yersinia enterocolitica CFU/g qualitative analysis
Vibrio parahaemolyticus CFU/g qualitative analysis
Campylobacter jejuni CFU/g qualitative analysis
Staphylococcus aureus CFU/g qualitative analysis
clostridium perfringens CFU/g qualitative analysis

@ ey AA Az

Lab-scale % pilot-test #|z%3%F

o ofXBE Table 173
Table 18] &<ttt ZE A 59| A

xR
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Table 17. Result of pathogenic bacteria on lab-scale ferment.

ArE M A= 2 2 3}
Colon bacterium CFU/g -
Coliform CFU/g -
Listeria monocytogenes CFU/g -
Bacillus cereus CFU/g -
Salmonella CFU/g -
Yersinia enterocolitica CFU/g -
Vibrio parahaemolyticus CFU/g -
Campylobacter jejuni CFU/g -
Staphylococcus aureus CFU/g -
clostridium perfringens CFU/g -

Table 18. Result of pathogenic bacteria on pilot—-test ferment.

AAF MAEH w4 2 3}
Colon bacterium CFU/g -
Coliform CFU/g -
Listeria monocytogenes CFU/g -
Bacillus cereus CFU/g -
Salmonella CFU/g -
Yersinia enterocolitica CFU/g -
Vibrio parabaemolyticus CFU/g -
Campylobacter jejuni CFU/g -
Staphylococcus aureus CFU/g -
clostridium perfringens CFU/g -
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AN

Lk NaCl tiAlAl 2 dut 23418 &g 158 AdaA A

(D #2A AL A7

NaCl & 2 KCl, &5t5314, MSG H7F A2 A4 A+

b a7 Wy

O A= Az
NaCl st&d KCI, #3524 2 MSG #7F A9 AFA AGE 9ste] =d Ax9
W g R] 2 5-E Table 203 o] vigH|E AA AT oju], AYdujF+= NaCl 1.0%7} H ==

Table 20. Recipe as NaCl and KCI content, ferment and MSG.

(%9 %)
Sample 1 Sample 2 Sample 3  Sample 4 Sample 5

Ingredient NaCl(%) 1.50 1.00 1.00 1.00 1.00

KCI1(%) - - 0.47 0.47 0.47
Salted Nappa
83.03 83.03 83.03 83.03 83.03
Cabbage
Radish 4.00 4.00 4.00 4.00 4.00
Red Pepper
3.20 3.20 3.20 3.20 3.20
Powder

Garlic 2.00 2.00 2.00 2.00 2.00
Ginger 0.30 0.30 0.30 0.30 0.30
Sugar 1.00 1.00 1.00 1.00 1.00
Leeks 2.30 2.30 2.30 2.30 2.30
NaCl 0.67 0.17 0.17 0.17 0.17
KCl - - 0.47 0.47 0.47
Water 3.50 4.00 3.53 - 3.33

Ferment - - - 3.53 -
MSG 0.2
Total 100.00 100.00 100.00 100.00 100.00
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1 AR = 442ol, UH A 4% 3
F AFHE -1To] HAs] A%

5% A, KCl #7F A, MSG 7}t
AA X 792744 0.7% v wroz A 5= Ao R weotE

Table 22. Acid, pH of 5 Kimchi samples.

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Day “Naci%) 1.50 1.00 1.00 1.00 1.00
KCI(%) - - 0.47 0.47 0.47
ferment - - - 3.53

MSG - - - - 0.20

Tst 0.32 0.34 0.33 0.38 0.33

ond 0.37 0.47 0.33 0.44 0.45

Acid 3th 041 0.54 0.47 051 0.52
4th 0.52 0.69 0.67 0.57 0.57

(%) 5th 0.65 0.70 0.66 0.55 0.58
6th 0.69 0.74 0.68 0.65 0.68

7th 0.71 0.74 0.70 0.67 0.70
Ist 5.502 5.639 5.704 5.587 6.037
ond 5.301 4952 5.725 5.308 5.463
3th 5.358 5.025 5.353 5.088 5.087
pH 4th 5.300 4705 4763 5.275 5.275
5th 4.752 4701 4740 5.077 5.163
6th 4717 4658 4718 4.896 4719
Tth 4696 4550 4566 4702 4709

Salinity1) 151 1.02 1.40 1.40 1.40

1) mean
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(2) Plant-scale @912l AA A A AaES 93 pilot test A A]
(7B 12k A A A
NaCl A A<t #AarS24 &3 283t |
A AEFHTE Lab-scale Wl@H & EdiZ AJAES %
A 200kg= d7dste] A z3FA ).

Table 23. Recipe as NaCl, KCl ferment and MSG content.

Ingredient Ratio(%) Weight(kg)
Salted Cabbage 83.03 166.06
Radish 4.00 8.00
Red Pepper Powder 3.20 6.40
Garlic 2.00 4.00
Ginger 0.30 0.60
Sugar 1.00 2.00
Leeks 2.30 4.60
NaCl 0.17 0.34
KCl 0.47 0.94
Ferment 3.53 7.06
Total 100.00 200
O AA Az W
AutZ=AA4 A4 A9 AXZS Table 249 &40l wab Az},

Table 24 . Production process of Kimchi.

2= A] Eppe TA Y& =4
. w2 A 714 B4 HAdS 37H AAGH 2AAA 3%
40%50mm Z 7| = At} AAF74 0 40%50mm
deFE Axd Bach wF ¥ A5 dgujEe] 15
2 Hj =4 ¢ Aol 15 gt 4 T 8% 9 AFEE 0 8% (w/w)
Qos wdatel 1N AAS ANBTG  AANL 1N
Aol By MFE ARz Fqael ARG AAS
ez 33 9eE AAad A=Y duEe AF55 33
: AR/es 2R AAGY] 9 1207 AAE  AFHAT 0%
Al 71t} A ZE D 1-24)%F
T ooiE, A%, O, § 5% 9Re  AHdG 35
W wam g PP AR AAR A WERE 33 e lomm 23
AHA A 7 pAae el % A7 Smm &%
A 7FE 3k 3k 3mm A
- S AR wEdw, A A=E W S92 5
of gbA Z3t3lhcy,
5 AR s _‘%‘_*’F% Adu) et S HEdd 2 S9A7 ;3%
e},

145




g

YW

T
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(L) 22k A1 8

12 A Aol R wige s 7jdto 2 KCl 2 #AusdAs 285t Aadt A4
AE ARE HAxBom Agetr] miel, AR LFd W FAHAR QWA g}
wils W WA AdEets vhekstal Sk sto] B3 Ao w yEylth ofd F5%hE
wetsty] fla A= B HEF S gASEA 2 oA 2 gRe FAnks S
S AES opl §Ee B¢ 24 AY AAE ALaA

@ wjghu] 7hE

12k wigkn] 37kA 5 7HEEke] lab-scale Al£3 -, A= 5 H WF #deH7E AP
ATHTable 25). FAF2 A=E A7) fls) A5 s 05-06%= A3t

Table 25. Recipes of low-salinity Kimchis.

(9] %)

Ingredient Sample 1 Sample 2 Sample 3
Salted Cabbage 66.94 66.94 83.03
Radish 7.80 7.80 3.53
Onion 3.20 3.20 1.45
Kimchi Seasoning Sauce 3.20 3.00 1.36
Garlic 3.10 3.10 1.40
Red pepper powder 3.00 3.00 1.36
Glutinous Rice Starch 1.08 1.78 0.80
Green Leaf Mustard 1.40 1.40 0.63
Red pepper 1.30 1.30 0.59
Leeks 1.00 1.00 0.45
chives 1.00 1.00 0.45
Fish Sauce 1.50 1.00 0.45
Ginger 0.90 0.90 0.41
Sugar 0.80 0.80 0.36
MSG 0.20 0.20 0.20
Ferments 3.53 3.53 3.53
Total 100.00 100.00 100.00
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Hample 1 Sarnple 2 Sample 3

Figure 26. Appearance of Kimchis.

@ = AL wg] s

Lab-scale 7HZ3 A5x4 A48 A9 g wign & ntgdo=z gz At wge &
Nst A oh(Table 27). o] wigH] EiE pilot test(AAAF) HAASFATE o] A AJA4kel] A1 4
HA & 80kgE kst

Table 27 . Recipes of low-salinity Kimchi.

Ingredient Ratio(%) Weight (kg)
Salted Cabbage 66.94 53.55
Radish 7.80 6.24
Onion 3.20 2.56
Kimchi Seasoning Sauce 3.00 2.40
Garlic 3.10 2.48
Red pepper powder 3.00 2.40
Glutinous Rice Starch 1.78 1.42
Green Leaf Mustard 1.40 1.12
Red pepper 1.30 1.04
Leeks 1.00 0.80
chives 1.00 0.80
Fish Sauce 1.00 0.80
Ginger 0.90 0.72
Sugar 0.80 0.64
MSG 0.20 0.16
Ferments 3.93 2.82
Total 100.00 80.00
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Figure 27. Production of Kimchi.
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(th AA] d= 2 YEF T #4

ALAF ob 9] 3 AREAA], 71 AR 2 AuSAl A8 1, 2 A AR AACd o &

o] &71¢F (7t 16g)dllA ZE3 58 1g8 dojulo] S5

= tHCompact Titrator G20, Mettlertoledo, Switzerland).

0.3-05g5 #3&tar A4 8ml, H202 2ml < 7}8t] microwaveZ

ol g3l AAHYE sttt AAEH A RE PerkinElmer/7000DVE o] -&3}o] 589.592nm 3}
ol

Ay, FEFAZ AA L 1 2% AN AAe 9%, GEF FBL 54 A of
o table 2891 AT ARZAA A AA] GrEE AW A noh HAY % A
oz HAFUL. J1E AY AAS P FEol FUANAW GEF FFo| AY FFe] ¥

< Aoz Yerdth

Table 28. Salinity and sodium content of kimchis.

Sample Salinity (%) Na (mg/100g)
Ourhome general kimchi 1.41+0.01 606.90
Ourhome low-sodium kimchi 1.01£0.01 483.10
1st pilot test kimchi 1.03+0.03 255.68

2nd pilot test kimchi 1.01£0.00 418.30
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AFTA AE A Wi wel Table 297 Zo] 1059 WA mAE gk 24

Table 29. Inspection item and criteria of Kimchi safety

Microorganism Unit Criteria Remark
Colon bacterium CFU/g - qualitative analysis
Listeria monocytogenes CFU/g - qualitative analysis
Bacillus cereus CFU/g <10,000 quantitative analysis
Salmonella CFU/g - qualitative analysis
Yersinia enterocolitica CFU/g - qualitative analysis
Vibrio parahaemolyticus CFU/g - qualitative analysis
Campylobacter jejuni CFU/g - qualitative analysis
Campylobacter coli CFU/g - qualitative analysis
Staphylococcus aureus CFU/g - qualitative analysis
clostridium perfringens CFU/g <100 quantitative analysis

Ao W94 MAE oF NS Table 30 % 313} o] sttt mE AmelA 7]
vl AFatgont, e s 2RaEd0E Axedsst BEsgon, 7
Folt= REAE fEololA kaAe] FAF gl Aow werH gl
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Table 30. Result of pathogenic bacteria on 1st pilot-test kimchi.

HAF M AEY ] 7= 23}
Colon bacterium CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 10
Salmonella CFU/g - B
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Campylobacter coli CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0

Table 31. Result of pathogenic bacteria on

2nd pilot - test kimchi.

A A= 9] 7% A3t
Colon bacterium CFU/g - -
Listeria monocytogenes CFU/g - -
Bacillus cereus CFU/g <10,000 50
Salmonella CFU/g - -
Yersinia enterocolitica CFU/g - -
Vibrio parahaemolyticus CFU/g - -
Campylobacter jejuni CFU/g - -
Campylobacter coli CFU/g - -
Staphylococcus aureus CFU/g - -
clostridium perfringens CFU/g <100 0
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Table 32. The information of Kimchi samples for the consumer acceptability test

Sample identification Salinity (%) Sodium comtent(mg/100g)
ZFAE A HEZ A 1.41% 606.90
ZHAE A A 3 A 1.01% 483.10
AotS A A8 AdAA 1.01% 418.30
(th A7 Az
ANkA st gk 7|5 %0 A AX 3FY FYARE UEUA AR A
AE AGAA Y 715w A7t 7B =4 vERs v (Figure 28).
4
3.95
i9
3.85
348
375 <
47 1 BHEEI| ST
.65
BEAYH ISR
e = Rack s i)
3.55
5
345 -+
P = B S 0 - B B 2TEHE
HEEA
Figure 28. Overallliking and texture liking ratings for 3 Kimchi samples
Bok AFEel Fg, 4A 3% wE @vo] Y A0 vehdrhFigure 29). A% A
Lo A, HA 3T BT AFS AoE vEye Alute] REsitteE SHETRE HaA =
A YEFStH(Figure 29). o] & i Ao Al Algte] Ants FXA7|= &35 WA 7] $13)
AA el HA abm W99l 05708%KTE oFzF W Abwo] AR E AMEESY] W OR AlR
Hr.

ARZAAEG A g3l PP ADAA
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b =4 YEdes %S ZAT
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Table 33. Expected NaCl saltiness of ferment 1 and 2

t-test
Ferment 1 Ferment 2 o
significance
Saltiness rating 7.21 8.42 NS
Expected NaCl saltiness 0.0056 0.0062
15
Regression equation:
12 y=20x-4
Saltiness ° Ferment 2
rating Fermentl _
02 0.35 05 0.65 0.8 0.95
MNacCl %
Figure 30. Regression of NaCl % and saltiness rating
(2) KCI, MSG % #utEx1AE o] &3t AdAxe e 24 54 13
b A7 57
BAEAE Fd Bgd £3e) KO, MSG 2 ARFAAE ol 88 A94A ) 54 5
e Fustnd sl

O M=

BAREA O o] &¥ A Alm 5% digh JH & Table 333 2t} vHluwg 98] dubilA
(NaCl 2.0%)°14 NaCl& 25% % 50% A7gt A9 % 2&NaCl 1.5% 2 NaCl 1.0%)<
H DA 22 o] &3t £3], NaCl 1.5% A8 ol BAMEA 2@ 48|z #HAF A3} NaCl
20%9F GAE =Fow AT E AEQQLS 7Horste] nwAE o g ¥EdFalgrt wIk o)A 1
Al w2 AALA KCIE ol 85te] NaCle 50%2 Azelale W 714 e /s

S Bl NaCl 1L0%+KCl 047% AN & Auz Tastgoh T3 ojxl BARA
ol AlZe 7hE HH3 FiEol Autoldd AS zActate], i Almel HFE AAT AutE

AAS 7AW MSGE 73 AA S A852 Tt (Table 34).
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Table 34. The information of low-salted Kimchi samples

Description

Sample identification

NaCl 2.00%
NaCl 1.00%

S2.0

S1.0

NaCl 1.00% + KCI 0.47%

S1.0PL

NaCl 1.00% + KCl 0.47% + Ferment 3.53%

NaCl 1.00% + KCl 0.47% + MSG 0.2%

S1.0PL/F

S1.0PL/M
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4 o] (Table 35) %

THo EZO o sjd Aol Folst= 12714 v A, 2714
g3 EA4& ¥x33 F 1874 5 S /M, 2 5o uish
5 A (Table 36)2 343

Table 35. Definitions of the descriptive attributes of Kimchi

Sensory

attributes

Definitions

Salty taste
Sour taste
Bitter taste
MSG taste

Sweet taste

Fermented

Chinese cabbage
Red pepper
Garlic

Green onion

Fundamental taste sensation of which sodium chloride is typical

Fundamental taste of which citric acid is typical.

Fundamental taste of which caffeine is typical.

Fundamental taste of which monosodium L-glutamate is typical.

Fundamental taste of which sucrose is typical.

Combination of sour aromatics associated with somewhat
fermented dairy/cheesy notes that may include green vegetation, such
as sauerkraut, soured hay, or composed grass.

Aromatic associated with salted Chinese cabbage.

Aromatic associated with red pepper.
Aromatic associated with garlic.

Aromatic associated with green onion.

Metallic Aromatic associated with metallic substances.
Seafood Aromatic associated with fermented seafoods
Carbonated A feeling of a pin pricks in the mouth giving heightened or decreased

Burning sensation

sensations near each.

resulting from
The

Burning sensation in the oral cavity and throat,
exposure to substances such as capsaicin or hot peppers.
sensation tends to persist after the stimulus is removed.

Stiffness

Crispness

Moisture

Toughness

The force required to bend the sample using chopsticks.

The noise with which the sample rupture when compressed between
the molars 1-2 times.

The moisture with which the sample rupture when compressed

between the molars 3-4 times.

The degree of fiber with which the sample rupture when compressed
between the molars 5-6 times.
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Table 36. Reference samples for the descriptive attributes of Kimchi

Sensory
attributes

Reference samples

Salty taste
Sour taste

Bitter taste
MSG taste
Sweet taste

Fermented

Chinese
cabbage
Red pepper

Garlic

Green onion

0.75% NaCl (Duksan Pure Chemical Co. Ltd., Ansan, Gyeonggido) solution
0.1% Lactic acid(SNT, Sungnam, Gyeonggido) solution

0.05% Caffeine (Dae Jung, Siheung, Gyeonggido) solution

0.5% MSG (Miwon, Daesang Co. Ltd., Gunsan, Jeollanamdo) solution

5.0% Sucrose (Duksan Pure Chemical Co. Ltd., Ansan, Gyeonggido) solution

Dilute juice of sauerkraut (Zuccato Co., Italy) with water for 1:2 ratio

The stem of salted Chinese cabbage(Home Plus Store, Seoul, Korea)

Ground red pepper (Myeongamsanchae farming association Incorporation,
Jecheon, Chungcheong bukdo) mixed with drained juice from 1.50% NaCl
model Kimchi for 1:1.5 ratio

Chopped garlic (Gana Corp., Suwon, Gyeonggido) mixed with drained juice
from 1.50% NaCl model Kimchi for 1:3 ratio

Chopped green onion (Home Plus Store, Seoul, Korea) mixed with drained
juice from 1.50%6 NaCl model Kimchi for 1:3 ratio

Metallic A ten-won coin
Fish sauce mixed with drained juice from 1.50% NaCl model Kimchi for
Seafood . .
2:10.5 ratio
Carbonated Perrier (Nestle Waters Supply sud, France)
Burning Ground red pepper (Myeongamsanchae farming association Incorporation,
sensation Jecheon, Chungcheongbukdo)
W The stem of salted Chinese cabbage (Home Plus Store)
Stiffness
S The stem of Chinese cabbage (Home Plus Store)
W The leaves of Chinese cabbage (Home Plus Store)
Crispness
S The stem of Chinese cabbage (Home Plus Store)
W The stem of salted Chinese cabbage (Home Plus Store)
Moisture
S The stem of Chinese cabbage (Home Plus Store)
W The stem of Chinese cabbage (Home Plus Store)
Toughness

S The stem of salted Chinese cabbage (Home Plus Store)
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O #s4 SEAAEE IAEASE T 49 AdE F 187HA Y #sA 54 T 2L
A8k, 228k, MSGuE, ot Ha ] gabzk 2o opabgk Lo AAls el 9] A 21 (p<0.05)
Aol 7F = Ao = YEE Y (Table 37, Figure 31)

© S1.590A 71 ZskAl vEbg e S1.0PL/M 2 S1.0PLo] #2142l Ao
7hE k. ¥k, S1.09] Auto]l b ofgk o yErg o™, S1.O0PL/F+
et KCIE A3 BE AR 52 S1.000 Hl&f ko] A<5ale],

2 F7HA71EE Jleld Aom dedt MSGE F7HH o ol §ah
Ao folHel A RAW AR ot ALY GBS @ Aoz vedor) wu F
AAE FHHoz ol gaht o] ANe 45 AAE 9t Aow vyt

&8t SLOPL, SLOPL/M % SLOPL/FelA frof4 o =7 et KCle o] 8¢l ubet
eoto] v Asshs o2 yEbkth MSGHE MSGZF A8 SLOPL/MeA 7H =7
Hebdon, yuA AREe oAl kel glol vl yEhdTh w@te KClo] A& A
8 S15 B SLOCA = Al Heb, KCIeIA 7IR1sk= 23te] dhnte] Ao g3 Al
Ao Azt

A8k == S1.0PL/M 2 S1.0014 7Hd =4 yErst e, S1.OPL 2 S1.0PL/Feoll A 7t

& S vk E o] A, SLOPL/FelM foH o= 7hg s veEew, v
A Alm Sl o= Aok WA eb okt whabgke] 44, S15, S10 R S1.OPL/Mel A
=/ vebgth Ag, a5 e 549 A4, AREe RS fARsHA A sk
71wl AlZs gl A= Aol AA YEUA s AL didstslo, Aozt HE
sk obatek el 4, S1.0, SLOPL/F % S1.OPL/Mell A 7H =7 YERsiTh

54 A, KClol o] 89 AlgdlA wA vekd Aol oidsflon, drtd el
nulske], g&Ade] AR ApolE =71A X3 AR UEET

BEAE v, vk o), 5 Gl AR R e 47 SHAAE AR @ 07
o Aol7k b gskeh RAES A% Fol Hrse] ok Ehid @e Aow

WEGn), MM AE, FE D A7 AR SH5Y A9, AR k] ol &9 Fe]
e} AERe Aelst wAlslel AsEe] HA el el alZHed ok, 9129l el
e ekl
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Table 37. Mean intensity scorel)2) of sensory attributes of Kimchi samples

S15 S1.0 S1.0PL S1.0PL/F S1.0PL/M
Salty 8.36° 557 7.39™ 6.93" 8117
Sour 657" 7327 5.57° 5.21° 754°
Bitter 5.82 5.04° 7.14° 6.39" 6.43"
MSG 6.00" 5.54" 5.89" 496" 7.25°
Sweet 536" 6.32" 479" 475" 529
Fermented 8.11° 8.36" 7.71° 6.18" 8.21°
Chinese cabbage 7.64 6.82 7.32 7.25 7.07
Red pepper 3.68 2.89 2.82 3.50 3.14
Garlic 257 2.36 2.36 250 2.64
Green onion 2.89 3.18 271 275 3.04
Metallic 5.36 5.75 6.61 5.93 5.75
Seafood 4.89 3.82 4.39 4.89 493
Carbonated 5.00° 457" 4.00™ 3.79° 479"
Burning 6.32 5.89 5.86 6.21 5.82
Stiffness 6.25 6.75 6.54 6.29 7.07
Crunchness 714" 807" 6.96° 8.29" 750"
Moistureness 6.71 721 6.93 7.46 6.71
Toughness 8.04 7.29 7.68 7.43 7.61

1) Values within a row sharing a letter are significantly different (p<0.05)

2) 16-point category scale (0="none’, 15='strong’)
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Fermented " - et ~'MsG

Sweet

(b) Ferment

Crunchness . Sour
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~ — —S1.0PL/F

Fermented o MSG

Sweet
Figure 31. Spider web plot of mean intensity scores of sensory

attributes of (a) S1.0PL/M and (b) S1.0PL/F compared to S1.5,
S1.0, and S1.0PL samples
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Figure 32. Labels presented with the samples
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Table 38. The infrmation of low-salted Kimchi samples

Sample id. Description Presented label
S2.0 NaCl 2.00%5 25% NaCl reduced low-sodium Kimchi
S1.0 NaCl 1.00% 50% NaCl reduced low-sodium Kimchi
50% NaCl reduced low-sodium Kimchi
S1.0PL NaCl 1.00% + KCI 0.47% ) ) o
with using substituting salt
S1.0PL/F NaCl 1.00%6 + KC1 047% + 502 NaCl reduced low-sodium Kimchi
' Ferment 3.53% with using substituting salt
502 NaCl reduced low-sodium Kimchi
S1.0PL/F.LB with using substituting salt and salty-taste
substitute naturally obtained from Kimchi
S1.0PL/M NaCl 1.00% + KCI1 0.47% + 502 NaCl reduced low-sodium Kimchi
' MSG 0.2% with using substituting salt

50% NaCl reduced low-sodium Kimchi
S1.0PL/M.LB with using substituting salt and flavor
enhancer (MSQG)

R OAA R M A E AT anja Abeh S A skt

@ MR AALY
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(a) Overall liking (b) Flaovr liking
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(c) Texture liking (d) Purchase intent
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Figure 33. Consumer acceptability (a”c) and purchase intent (d) ratings of young and old
consumers for various low-soidum Kimchi samples containing NaCl with or without
KCl, ferment and MSG
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{a) Just right saltiness
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Figure 34. Consumer ratings on just-about-right saltiness (a) and
sourness (b) of young and old consumers for various
Kimchi samples containing NaCl with or without KCI,
ferment and MSG
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Table 40. Expected degree of health improvement for the product labels1)2) used in this study

Labels Young O1d
25% NaCl reduced low-sodium Kimchi b b
10.33 10.23
50% NaCl reduced low-sodium Kimchi a a
12.15 11.46
50% NaCl reduced low-sodium Kimchi using substituting salt b b
9.92 10.34
509 NaCl reduced low-sodium Kimchi using substituting salt and 11.56° 10,75
salty-taste substitute naturally obtained from Kimchi ' '
50% NaCl reduced low-sodium Kimchi using substituting salt and 6.35° 7 60°

flavor enhancer (MSQG)

1)Values within a column sharing a letter are significantly different (p<0.05)

2)7-point category scale (1='strongly disagree’ and 7='strongly agree’)

Table 41. Expected level of influence in one’s choice for the product labelsl)2) used in this
study

Labels Young O1d
25% NaCl reduced low-sodium Kimchi c a
9.63 9.99
50% NaCl reduced low-sodium Kimchi b ab
10.40 9.85
509 NaCl reduced low-sodium Kimchi using substituting salt . ab
9.62 9.74
50% NaCl reduced low-sodium Kimchi using substituting salt 11.91° 10.01°
and salty-taste substitute naturally obtained from Kimchi ’ '
50% NaCl reduced low-sodium Kimchi using substituting salt 10,40 L
and flavor enhancer (MSG) ) '

l)Values within a column sharing a letter are significantly different (p<0.05)

2) . .
7-point category scale (1='strongly disagree’ and 7='strongly agree’)
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Figure 35. Consumer acceptability of BY and BO projected onto
principal component biplot of the significant sensory

attributes and Kimchi samples
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Old
33.34"+6.00

Young
31.21"+4.65

Values within a row sharing a letter are significantly different (p<0.05)
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Appendix 9. 7 w1 HA 3} HAE Ay}

APPENDIX 1
results during incw 5 in models
after 1 day 30°C
1G-D6 JG- 06 D2-115 DZ-115 D2-067 D2-D67 MIZO1456 MIZO 1456
.y 378 3. RO 3,87 3.BR 3.89 3.88 3.B0 3.81 L. Brinad
B 3,80 3 81 3,89 3 ER 3.8B6 3 B8R 3,80 3,79 1.Brined cabbage
C 3. 68 3.68 1,85 3.B4 I.B2 3.81 3. B0 3. 80 1.Brined cabbage+1 Msucr o
=] 3,65 3. .68 a,84 3.84 3.B0 3,82 383 A.B0 i.Brined vl Msucrose
E 3,90 3,89 4,03 403 3,95 3,96 4,01 4,01 2_Miodel Kimchi 1D
F 3. 8% 3,90 4,04 44,104 3,86 3197 407 4,02 2.Model Kimchi 1.0
G 3.82 3.82 4.03 4.03 3.96 3.95 402 4,00 2 Mode] Kimchi 1.1 +1Hsucrase
H 3 B2 3,83 4,03 4,03 3,05 3,96 4,02 4,02 | [z.model Kimchi 1.1 s1%sucrase
after 2 days 30°C
1G-06 JG-06 D2-115 D2-115 D2 - D67 D2-067 MNIZOD 1456 NIZO 1456
A 3,79 3,80 3,80 3.80 3,84 3,83 346 3,44 1.Brined cabibag
B 3,80 3,81 3,80 3,79 3,83 3,835 3,43 3,43 1.Brined cabbage
1,67 3. 66 3,73 3,72 3,72 3,72 3,43 3.43 1.Brinad cabbage s+l Naucromn
] 3,65 3,65 3,72 3,72 3,70 371 3,42 3,42 L. Brimed cabi e BT
E 3,87 3 B7 3,97 3,98 3,91 3,92 3 48 3, 48 Z.Model Kmcohi 1.0
F .88 3.8 3,88 31,98 1,92 3,592 245 3,49 2.Made| Kimchi 1.0
G 3,80 3,79 3,97 3,97 3,91 3,91 3,49 3,50 Z.Model Kimchi 1.1 +1%Msuorose
F 3.79 379 397 397 3,91 3.91 3.50 3 .50 2.Modal Kimchi 1.1 +1'Noucrose
after 7 days 30°C
J G~ O JG -0 D2-115 DZ- 115 D2 - 67 D2 - 067 MNIZO 1456 NIZTO 145G
Y 3,80 3,81 3,75 31,78 3,84 3,83 3,44 3,43 1.Brinsd cabbags
B 3,81 3 62 3,70 3,79 3,E3 3,83 3,43 3,43 1.Brined c
C 3,67 3,68 3,72 3.72 3,73 3,73 342 3.41 1. Brined cabbage+1 Miucrose
o 3.68 3,67 3,71 371 371 3,73 342 341 L Brined cabbage+1%sucross
E 3_BR 3,88 3,96 3,96 3,92 3,93 3,47 3,48 2 Model Kimchi 1.0
F W 389 3,98 397 3193 3193 3.47 347 3 pasds) Kimehi 1.0
G 3,81 3,80 3,97 3,97 3,92 3,92 3,47 3,47 Z2.Model Kimchi 1.1 #1Nsuorase
H 3,80 3.B0 3,96 3,97 3,92 3,92 347 3,47 2.Mode] Kimchi 1.1 *1%sucrase
Cell counting results durdng incubations in models {cfu/mil):
after 1 day 30°C
1G-06 1G-06G D2-115 D2-115 D2-067 D2-0E7 MNIZO 1456 NIZO 1456
A 2,5C+08 | 9 A8E+08 S.3E+08 5.0€+08 LAE+DS | 1.0E+089 5.0E+07 , SE«08 L irned cabbage
B 7 BE+O8R 7. BE+O8 5,BE+DR B BE+D& 2. 3E+09 1, AE-+-0S 4 AE+08 1,5E+08 1_Brined cabbage
c 1,1E+09 | 9. BE+OR 4,008 E.DE-I—! 1. 3E+D9 1, 1E-09 3.3E+Eﬂ; 4, 3E =08 1.Brined cabbage+ 1 Meucr o
s ] LAE+DD | G BE--08 5 BE+DSE 4 BE +0O8 1 2E+05 7 SE+08 ASE+O8 | G 3E00 | |1 Brined cabbage+lMaueross
E 5,0E+DR | 6 0E+08 9. 5E+08 B OE+D8 1 3E+D9 1 3E-09 4 0E+08 | 5 0E+08 2 Model Kimichi 1.0
F B,5C+08 | 4. 5E-+08 B,0E =08 7.5E+08 1, 66 +D9 1 AE «0% 31.5E+08 3. IE=08 2.Maoda| Kmchi 1.0
G 6,8E+08 | 9.5E+08 1. 1E+DS 7.0E+08 LOE+DS | 9.5E+08 3,0E+08 3, 5E+08 2. Model Kimchi 1.1 »1Msucraose
H 1. GE+D9 1. 2E+09 5. SE+D8 9 SE4+D8 1 1E+D9 7. BE+0R 3 _HE+O8 3, 0E+08 Z2.Model Kimchi 1.1 s1Nsuorose
aftar I days 30°C
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H &.5C+07 | B.OE-+-O7 5. SE+07 T.AE+07 1. 1E+08 | 6 BE+O7 A 3E+08 | 4.08+08 2. Mode] Kimehl 1.1 «1Hauerase
after 7 days 30°C
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L} =5,0E=03 | 1.5E+04 =<5, 0E+03 1. 5E +0s =5, 06403 | <5, 06+03 <5 0E+03 | <5 08+03 2.Model Kimchi 1.1 1 Heworase
H =5, 0E+03 | 1.5E+03 =5, 0C+03 5.0€+03 =5, 0E+03 | <5, 0C+03 =5 0E+03 | <5, 0E+03 2.Model Kimetil 1.1+ 1 Haur o
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