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SUMMARY

[. Title

Establishment of quick process for long—term fermented kimchi in microbial approach and

its quality control

II. Purpose and Importance of the Research

1. Purpose of the research

The purpose is to establish the micro-biologic approach method in spawn development,
fermentation processing standardization for the production processing as well as qualitative
elements and quality standard to produce high quality rapidly ripe Mukenji for

commercialization.
2. Importance of the Research

As Korea is becoming accustomed to more enriched life style coming from its economic
growth, there is a growing interest in what to eat. There is a steady increase in interest
on history of food, production method and diet food. Along with the foregoing, there are
several functionalities on traditional fermented food and there is a steady increase in
consumption thereof.

The Mukenji that is made by fermenting kimchi for a significant time has steady
increase of consumption as it is known to have several functionalities in anti-cancer and
anti—oxidation as well as several ways of cooking. However, since it requires long-term
fermentation of over a year, there is certain limitation in product production. Shortening of
the production period enables the producer to extend the production volume and consumers
to purchase for more affordable price to increase the competitiveness of the Mukenji.

The Mukenji has the problem of declining quality in the fermentation process and
distribution process due to the gas generation from the expansion thereof. When fermenting
the Mukenji, it uses the non-gas generated bacteria to ferment that it may prevent the
decline in quality from the gas generated from the fermentation process and distribution
process. In addition, the non-gas generated bacteria are applied to kimchi to relieve the
difficulties in exporting by preventing the gas expansion generated from the distribution
and export products.



M. Contents and Scope of Research

1. Contents of Research

Development of spawn possible for production for Mukenji in short period of time by
separately applying the aged lactic acid bacteria for Mukenji fermentation and production of
high quality Mukenji by using the lactic acid bacteria that controls the gas generation in
Mukenji

2. Scope of Research

A. Development of spawn for aged fermentation of Mukenji by using major fermented
bacteria of Mukenji

(1) Observation of change in microflora through one year of maturity of Mukenji

(2) Dominant microbe separation process that contributes to the outstanding sensory
quality (particularly the savory taste) from the sound ripening process of Mukenji

(3) Clarification of physiological characteristics of the fermented bacteria of Mukenji and
clarification of role for the Mukenji fermentation

(4) Development of spawn for fermented bacteria of Mukenji (non-generation of gas and
improvement of sensory substance quality)

(5) Development of starter for commercialization with the production of Mukenji

(6) Observation of qualitative change after the spawn inoculation for aged fermentation
of lactic acid bacteria inoculation Mukenji

B. High quality of product through production of Mukenji by using non-gas generated
lactic acid bacteria

(1) Establishment of quality dimension and processing criteria of raw and incidental
materials for the micro-biologic quality standardization of raw and incidental materials
for Mukenji production

(2) Screening and development of non-gas generated lactic acid bacteria

(3) Experiment to apply the non-gas generated lactic acid bacteria on Mukenji for
developing packing of Mukenji for export

(4) Observation of lactic acid bacteria inoculation and fermented behavior



(5) nfluence of the fermentation of non-gas generated lactic acid bacteria on the quality
of Mukenji

C. Search of major quality elements and establishment of the quality standard of Mukenji
(1) Establishment of the standard for sensory quality element of Mukenji
(2) Scent analysis during the fermentation process of Mukenji
(3) General ingredient analysis of Mukenji during the fermentation process
(4) Analysis of quality change of Mukenji with the fermentation bacteria inoculation

(5) Converged inoculation of non-gas generated lactic acid bacteria and Mukenji
fermentation bacteria

(6) Establishment of the management standard and requirements to maintain the
sensory quality during the distribution of completed ripe production Mukenji

(7) Completion of packing of the ripe production Mukenji and distribution design product

_10_



IV. Result of Research

1. Commercialization of Mukenji through the establishment of the fermentation processing
of Mukenji without gas generation and quality standardization

For the quality standardization of the Mukenji, the analysis was made on the
microbiologic quality on the raw and incidental materials used in the Mukenji production.
For respective raw and incidental material, it is distributed 102-106 of lactic acid bacteria,
102-106 of general cell, 10~104 of enzyme and 10~105 of Gram negative bacteria. Under
the analysis result of the raw and incidental material for each season, the microbe figure is
confirmed to be heightened in summer when the temperature is heightened. As a result of
the mock fermentation experiment for the Mukenji after controlling the microbe with the
pre-processing on raw and incidental materials used in making Mukenji, it did not shown
the noticeable difference between the experiment group with the pre-process and
experiment group with the pre—process for all raw and incidental materials in the lettuce
with the highest use ratio. The contrast group without the pre-process showed the
difference in extending the lactic acid bacteria number and decreasing enzyme number in
the microbe figure that the pre-processing on the lettuce is to be implemented. For the
pre-processing methods on lettuce, there are a method to add 0.03% of acetic acid for pH
of the preserved water in the lettuce seasoning process to lower, a method to wash the
salted lettuce and then dip in the liquid with the lactic acid bacteria in the final phase, and
method to dip in the water diluted with the tangerine condensed liquid and then take out.
For the three methods, the microbe controlling effect was shown, but the lactic acid
bacteria was mixed into the Mukenji condiments to be excluded and the tangerine
condensed liquid also lowered pH to control the microbe in its exclusion. Adding the 0.03%%
of acetic acid to the preserved water alone may have 909 or more of microbe eliminating
effect.

For the standardization of the Mukenji quality, the sensory quality is reviewed. When the
quality of the currently produced Mukenji was compared, it showed the difference of
preferential level for each production time and for each product lot. In the micro—biologic
distribution aspect, products showed difference and it has different reaction of microbe in

the ageing process of one year to have different taste in the final product, the Mukenji.

From these products, the first ageing temperature was high and then pH was dropped to
4.2 and then progressed for the second ageing to show high preference level. On the basis
of the foregoing, the pre—processing is implemented on the lettuce that is the main
ingredient of the Mukenji as well as adding the lactic acid bacteria to make different first
aging period to implement the sensory evaluation on products with mock fermentation, and
the preference level was shown to be higher at the experiment group added with the lactic
acid bacteria on the Mukenji condiment as implementing the pre—processing on the
preserved lettuce than the contrast group. Under the same experiment group, it is aged up

_11_



to the pH 4.2 level to sufficiently grow the lactic acid bacteria at the first ageing period
and the preference level of the product with the second ageing at 0°C was shown to be
high. In the comparison of preference level with the one-year Mukenji, there was no
significantly noticeable difference.

For the separation of the non-gas generated fermented bacteria, the lactic acid bacteria
was separated from broccoli, carrot, tangerine, green tea, kimchi and Mukenji. From the
separated lactic acid bacteria, the bacteria with outstanding growth from the medium were
selected to process with the addition to the condiment at the time of mock fermentation
experiment for the Mukenji. From BRC-01, JH-332 strain and others, the gas generation
was shown for clear difference and it was outstanding in the sensory preference level. As
a result of confirming the microbe distribution of the mock fermentation with less gas
generation, the number of enzyme was reduced in common.

In order to find out the main cause of gas generation at the time of initial Mukenji
fermentation, the enzyme separated from kimchi was artificially cultured and then it is
added to the condiment at the time of mock fermentation of the Mukenji. The experiment
group added with the enzyme showed severe gas generation and the experiment group
added with lactic acid bacteria artificially had different types of lactic acid bacteria added
with the different gas generation. Compared to the contrast group, there are some with
high expansion but most have shown low expansion level. In particular, the experiment
tools that added the BRC-01 strain and JH-332 strain were not shown to have the gas
expansion. The number of enzyme was significantly reduced in the result of confirming the
microbe distribution and the experiment group added with the BRC-01 strain and JH-332
strain has shown clear difference in the reduction of experiment numbers.

Working as the main cause of gas generation when fermenting the Mukenji was
confirmed as the physiological activities of the enzyme rather than the lactic acid bacteria,
and if the enzyme in the Mukenji could be effectively managed, gas expansion could be
controlled.

For the BRC-01 strain, the growth of enzyme is effectively controlled to prevent the gas
generation and when the Mukenji is aged, pH of the Mukenji is maintained for 4.0 range
to reduce the sour taste of the final product.

For the mass production of the Mukenji without the gas generation, the quality of the
raw ingredient was standardized. In order to reduce the pollution of the preserved lettuce,
0.03% of acetic acid was added to the preserved water in the preserving processing to
decrease pH for the preservation for 15 hours. In order to control the initial ageing of the
Mukenji and gas generation, it adds 0.3% of lactic acid bacteria BRC-01 and ML17 strain
for the condiment weight to process the ageing by sealing into the 500kg container after
blending with the preserved lettucet}. The first ageing was undertaken for 15 days at 10T
and the second ageing was [regressed for 75 days at 0C. The Mukenji ripe for 90 days
showed the result similar to the preferential level of 1-year Mukenji in the sensory test.

_12_



As a result of building up the medium for industrial production of the lactic acid bacteria
involving in the Mukenji fermentation, the MY medium (produced by our company) was

confirmed to have outstanding growth.

The part extended from the existing Mukenji processing is the part to add the lactic
acid bacteria at the time of mixing in the Mukenji condiment and the part to add 0.03% of
acetic acid when preserving the lettuce. The first ageing temperature and the second

ageing temperature are set forth.

2. Separation and development of spawn for production of rapidly ripe Mukenji

In order to confirm the fermentation of the Mukenji, the first ageing was undertaken at
5C and 10C with the second ageing at 0. Salinity, restored sugar, pigment, hardness,
free amino acid, and aromatic ingredient did not show great noticeable difference between
two experiment groups. The acidity and pIl changed slowly for 5C, but there was no
noticeable difference in the two experiment groups on the final date. From the organic
acids, lactic acid and acetic acid were shown to have great initial increase range in the
experiment group with high initial ageing temperature of 10C. The range of the increase
in the number of free amino acid and lactic acid bacteria also had similar range. Under the
preference level-oriented sensory evaluation result, the figure was higher in the experiment
group that had the first ageing at 10T, followed by the second ageing at 0C.

In order to separate the fermented strain from the Mukenji on the market, 22 types of
products were purchased from Gyeonggi—do, Gyeongsang—do and Jeolla—do. Respective
products have diverse ageing period ranging for 6 months to 3 years and 6 months. The
Mukenji on the market had generally low figures of pH for 3.5~4.2, acidity for 1.0 or
more, and salinity of 091 ~1.7% and the microbe had relatively long ageing period to show
for low level of 103~105.

From the purchased products, the microbe was separated from the Mukenji with high
sensory preference level to separate 9 types of lactic acid bacteria and 6 types of
experiment for the mock fermentation. After the first mock fermentation, 4 types of lactic
acid bacteria and 1 type of enzyme were selected, and the second mock fermentation was
undertaken to select ML17 strain and MY7 strain with outstanding sensory feature.

In order to confirm the fermentation characteristics of the spawn-added Mukenji, the
separated lactic acid bacteria of ML17 and MY7 strain were used for the fermentation. The
first fermentation was ripe for 90 days in kimchi refrigerator ((-1°C) after fermenting for 7
days at 10C. pH and acidity showed similar figure for l1-year aged Mukenji around 90
days and the added strain is maintained with 909 of the rate. Under the sensory
evaluation result, the experiment group processed with the mixed spawn was shown to
have high preference level than the Mukenji with one year of ageing.

_13_



It confirmed the industrial durability and functionality of the spawn. In order to confirm
the bodily safety, the blood test was implemented without showing the clogging reaction.
As a result of enzyme facilitation analysis, B-glucosidase and B-glucurnidase facilitation
were shown not to be available. For each strain, under the result of confirming the pH
durability and salt tolerance, it has almost no difference with the initial number of bacteria
that it has outstanding pH durability and salt tolerance. For the artificial stomach liquid
and artificial juice, the survival experiment was implemented with the survival rate of 80%
or more. In addition, the ML17 strain showed the anti-lactic acid bacteria facilitation on the

harmful strain and food poisoning bacteria.
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V. Research Outcome and Outcome Facilitation Plan

Under this study, the ageing production technology of the Mukenji was established to
shorten the ageing period of the Mukenji. Shortening of ageing period may increase the
production volume to satisfy the demand of the Mukenji product and reduction of space for
the ageing of the Mukenji. And, by using the spawn on the Mukenji, it enables to produce
consistent quality of Mukenji.

And, by reducing the gas generation by controlling the growth of enzyme in the
Mukenji, the gas is reduced and high quality Mukenji is available by reducing the damage
from the gas in the ageing process and distribution process. In particular, in the event of
the Mukenji and kimchi for exporting, it may have the packing torn out because of the
gas in the vessel that the additional care is required in exporting. However, by applying
the non-gas generated strain, it is possible to produce high quality kimchi for exporting
and it will be the turning point to reach out to the world for the Mukenji and kimchi
industry.

The company is planned to apply the ageing fermentation and non-gas generated spawn
on the currently produced Mukenji to apply on the kimchi to export to Japan. With respect
to the non-gas generated spawn, it is expected to apply to the kimchi processing for
exporting.
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A 1A b gAge] g Bex BaFAe] AP L FAuFH

E22 9 Azl AMEHE A-FAREE GAtA AMREE AREE AMEstR o 71
49, 74, 102 418 AEE st AEselv. 9 FARY AR B4 98 dds
E ¥Este] wig T T 17F AR st A AxE AT dHE @AM AEE AF
3Tk A BE Zr w5 ol duk A" R (PCA(Plate count agar, Difco), BCP(bromocresol purple,
EIKEN), YM(Difco), Desoxycholate lactose agar(Difco))E o]&ate] 7k Alge] FoZHE 10°H)]
5E 10% 714 @AA oz 54359 Pouring method® 7AMSIATH #ES AFF2A £ F
Z0o0 %2 FHHE 100 CFU(colony forming unit) A5 s3] dere] AE F2UE AF A7
2 Negative €4 A7 (600X, 1,500X)¥ A€ wjx]o|x el A EQ(F=Y e JH|, A, =27]

i
5) wHE TR

7} 4l gy A w2 AAE Ay B LolAel 2o dXeld AT He A
2 A3 ZE ARNA FF FFo] AT QAR AA ) fabte] 10°~10° =
o] FAkr3 Gukagto] E=AEH o, T EE 10~10* oz TS ATFE 10~10° Fxo
Z #FHAYL FeA Az AHEHE 4-Fd8e] nFEe ddF (77.8%), FHEE(6.6%),
(5%), 3LFE7FE(3%), vHE(14%)0] Abgs o A g disiAE ARg el 19 THkol
o 9.5z EAatE YR o8 Hexe wE ¢ SAd 9 uA = ol uF
M AESA EFA e wlo] Bed Ao wudr) B3 HoAo FATE AIREE HiE
= RAWMFET dge AR dAuFdA nAE Bl FrlekE A4S #9985 A
HFAA AAF 2 MUYk F AR F2d o @y Dad Aoz eyt &
7t 5 AR BomolA dwkAdd ZRio] A Jehdou AH & btz Algo R vAE
o 28 Y F glom AETO| 05% FEOF Ao AT 2 AL nAA e Ao
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A Axg

& 12801 4l HFHo] o] FojxaL 3l
1= AV

FAR Fo A=

AE

A-FAR St MAE

A5 LB (CFU/ml)  GB (CFU/ml) YM (CFU/ml)  CB (CFU/ml)

Al 5 5.0x10° 3.7x10° 1.3x10" 9.2x10°

RIS 8.8x10° 8.7x10° 9.0x10" 9.7x10°

5 9.0x10 2.4x10" 4.6x107 2.7x10°

AFTHE 1.0x10° 45x10" 4.7x10" 2.0x10"

ah&= 1.3x10" 1.3x10° 3.2x10" 4.6x10"
7 2.5x10° 2.7x10° 4.2x10° 0

7t 1.3x10° 1.1x10° 6.3x10° 1.2x10°
% o} 2.2x10° 45x10" 4.8x10" 0

o] s} 7.4x10° 5.6x10" 3.3x10° 1.6x10°

4 7} 1.3x10° 3.1x10" 3.0x10" 2.7x10"
1) 1.5x10° 1.2x10° 7.9x10" 0
hAm} &5 1.2x10° 1.6x10° 2.1x10° 0
AAE 0 0 2 0
2 0 0 6 0

A4 7.0x10° 3.7x10° 1.9x10° 4.6x10"
4 2] o 4 5.0x10° 3.0x10° 2.1x10° 0
=Rk 8.0x10" 2.4x10" 45x10" 0

A = LB (CFU/ml)  GB (CFU/ml) YM (CFU/ml)  CB (CFU/ml)
14 2.4x10° 2.9x10° 3.3x10° 1.4x10°
. 49 5.0x10° 3.7x10° 1.3x10" 9.2x10°
74 2.2x10" 7.2x10° 2.4x10" 3.6x10°
104 4.1x10° 4.4x10° 2.2x10" 3.2x10°
ey 14 6.8x10° 3.3x10° 1.4x10" 3.8x10°
;; 49 8.8x10° 8.7x10° 9.0x10" 9.7x10°
74 7.1x10° 6.3x10° 9.7x10" 9.9x10°
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104 5.2x10° 4.9%10° 6.9x10* 6.2x10°
14 4.9%10° 1.6x10" 1.8x10° 1.4x10°
. 49 9.0x10” 2.4x10° 4.6x10° 2.7x10°
T 74 2.4x10" 6.4x10* 5.1x10° 3.1x10°
104 6.2x10° 2.0x10" 2.2x10° 3.0x10°
14 5.6x10° 1.4x10" 3.1x10* 1.4x10
3 44 1.0x10° 4.5%10* 4.7x10* 2.0x10
= 74 2.2x10" 5.3x10* 3.3x10* 2.1x10
104 1.6x10° 3.3x10* 4.1x10* 1.6x10
14 6.3x10° 2.8x10° 3.6x10* 3.3x10
49 1.3x10* 1.3x10* 3.2x10° 4.6x10
74 2.8x10* 2.2x10" 4.2x10° 5.2x10
10¢ 9.2x10° 1.1x10* 3.3x10° 1.8x10
14 1.1x10% 1.1x10° 1.4x107 0
49 2.5%10% 2.7x10° 4.2}10° 0
74 3.6<107 3.8%10° 4.6x10* 0
104 1.4x10% 7.4x10? 3.4x10? 0
14 4.9%10° 8.5%10° 1.4x10° 6.210"
5 49 1.3x10° 1.1x10° 6.3<10° 1.2x10°
74 2.8%10° 6.3x10° 5.2x10° 3.3x10°
10¢ 7.4x10° 2.8%10° 2.6x<10° 1.8x10°
14 2.6x<10° 2.8%10° 2.1x10° 0
49 2.2x10° 4.5%x10° 4.8%10" 0
74 4.3%10° 3.6x10° 3.3x10? 0
10¢ 1.4x10° 3.3x10° 1.4x10 0
14 5.1x10° 1.4x10* 1.1x10% 5.4%x10
49 7.4x10° 5.6x10* 3.3x10? 1.6x10%
74 7.9x10° 6.2x10* 3.6<10° 2.2x10%
104 6.4x10° 5.1x10* 1.4x107 6.2x10
14 1.1x10° 3.1x10" 1.8x10° 1.4x10*
49 1.3%10° 3.1x10* 3.0x10° 2.7x10"
74 1.6x10° 4.5%x10* 6.2x10° 4.1x10*
10¢ 1.3x10° 2.8%10" 2.1x10° 1.8x10*
14 4.1x10% 4.5%10% 3.2x10 0
. 49 1.5x10° 1.2x10° 7.9%10 0
- 74 3.3x10° 2.2x10° 8.3X10 0
10¢ 5.9x10% 1.4x10° 3.3x10 0
14 6.2x10" 1.4x10* 1.1x10* 3.3x10%
o) 49 8.0x10* 2.4x10" 4.5%10" 8.7x10%
74 6.5x10° 3.2x10" 2.2x10" 9.4x<10%
104 4.1x10" 1.3x10* 1.6x10* 6.2<10°
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LB: Lactic acid bacteria, GB: General bacteria, YM: Yeast & mold, CB: Colifoam Bacteria

O %ed Axg Q-yAne] Py 4w =2

Bl ulBo| EAsa glow Al we} ugE] 7 fE
AololAl YA vAES 24T £ JdF Wol e X2 Sl 9T WHe AEA7] 7=
Foll e v x7] wiTo] Ago] oyl AFe] shed Y-FAEY A A
= 228 £ e, 714 F 2ARE 003% Frbete] At &
H5 =g wFE AL d-FAR disiAe 1A, 23 HFH $ HE ARz 24bE
0.03% 7t 3087F Hgletg o, alFs ddapgelr] ddgd Z4kE 0.03% 718k
15A1 s A g skt 7H7te] Als 0.03% z=4b& AEg & 2ty A} $9
v e H3lE BT nAE A9 w&E dukde mjx S ALgEte] ZF A5 Fo=
5-E 5438t S48t

F 3ol A 8F 7ol AlFo] JFsdt RE A-BARdA 003% 2AHS AYA vAdE A Z3t U
STk YRAITES AG H0% FEY ATERE BYon, ER9 AeE 80% T v EHE RS
t}. Colifoam bacteria®l - 0.03% 2AF H2] 27 AEHA @Yt 5§ 47459 AdF A5
o 008% 24be Wrlete] pHE Zsle] Ads AoRE vjAze] $4 o4 2 2w 3} 9
At}
¥ 3. pH %29 & n|YEo] M3}

A5 LB (CFU/ml)  GB (CFU/ml) YM (CFU/ml)  CB (CFU/ml)
A9 AHEA 3.8x10" 2.6x10° 3.6x10° 2.4x10°
i AHs 2.1x10° 8.4x10° 6.4x10° 0
. A¥A 3.3x10° 2.6x10° 2.8x10° 1.7x10%
T Ay 9.8x10 1.8x10° 4610 0
. AYA 5.6x10° 4.2x10° 2.7x10° 2.1x10
e =] 2] 5 2.8x10° 2.3x10° 4.3x10 0
R =27 2.7x10° 1.6x10° 1.4x10° 0
=] 2] 5 1.6x10° 2.1x10° 4.1x10 0

25 =27 2.8x10° 46x10° 3.4x10° 3.7x10"
=] 2] 5 1.6x10° 3.2x10" 7.2x10" 0
bt e 2.8x10° 3.7:10° 2.2x10" 0
=] 2] 5 2.2x10° 2.6x10° 4.8x10 0

L A"A 5.1x10° 2.4x10" 1.4x10° 2.6x10
e =] 2] 5 2.8x10° 1.4x10° 4.1x10 0

- =27 1.1x10° 4.2x10" 2.7x10° 7.8x10°
° =] 2] 5 9.1x10° 4.8x10° 5.2x10° 0
. =27 4.1x10° 3.6x10° 3.3x10 0
Rk 3.4x10° 4.2x10 1.4x10 0
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LB: Lactic acid bacteria, GB: General bacteria, YM: Yeast & mold, CB: Colifoam Bacteria

D559 2o AzE BARY A% AP Golan] vk AN uFIIE N}

AL gl gashs EAl glol Aol ol pH 2ol o3 WHE ol§al|ol

go|kx] o} dELE uEIE T thn] 30%E 47}8}04 k& zo}oq A}B—é}oﬂli‘r GFL A

92 M40 &3 4 g 7

BohE G 2ol A B £ A9, LATH Bl G W o8sl 47 EHE u
- [e]

=
1, colifoam bacterias= =% A &Pl

¥4 E A wE a7 vdw W}

A2 LB (CFU/ml) ~ GB (CFU/ml) ~ YM (CFU/ml) = CB (CFU/mD)
wx | AAA 2.4x10° A7x10" 3.6x10" 2.7%10
T A 4.3x10 2.3x107 8.6x10 0

LB: Lactic acid bacteria, GB: General bacteria, YM: Yeast & mold, CB: Colifoam Bacteria
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01 [e]

w} ZAxodd 10mlS 01N NaOHZE pH 830] € uwj7t#x] HAF
A

2 E’_ S S g
20l NaOH9| F-3& Ao ghitele] AlLtelslal, B 5w ATAGOAR] PR-320E ¢ 83t 54
8}%4
* 55 MW Y-RARe dHd g3 7] fabwgE dxTeA 4 AgTEY 27
vebgth, 3 E 647 HAA fabte] F2lo] AEa 123004 mEA g Ee e F
Aow, o= 27| F&A A fikite A& AFE F= vhE v|AE FUt Ao Ay
Aoz Fae] wEA F2E Aoz wudrt FeAdA] alute] o] nAE Axe] 4
= UEzFolA A A fabre o vl A3 E YEebd Y
AP E o= ik, AtE, GEolA & FatE Mol gorh o= 249 ui
v A AQlujSe] v)Fo] 75% o] golal AulFol A fdtE nAyEe] YRS A8
tﬂ e FAEe nFo] Fudoez Ao oz Jd3 FHdte AR Aoz A%
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i, APETE oA A%l vehdeh ol Asidow ArkE fabEd old 271 wEIt w
2 AW Ao BT, 24 WA FoE NETE AT AATANA plt 2FY F
leh Aol Uehdth ol 14 WE & 2akEe] Ake] Dol JAF Aow gud
o,
£ 10, 49T HeAe) A s
Ax AF AU E 2R
pH 2.7 4.09 4.06
oz A 0.34% 1.04% 0.98%
Eas 14.1 139 134
pH 2.65 3.8 411
2951 s 0.27% 1.15% 0.93%
Eas 11.4 12.8 13.0
pH 2.68 4.01 4.02
29 52 s 0.28% 1.07% 1.01%
Eas 12.5 11.9 12.7
pH 0.64 3.78 4.02
2953 s 0.33% 1.18% 1.04%
Eas 13.1 12.3 13.1
P ET 2 TR, S TACL 8T 1 24 RAY, fA7 9
APT 2 2 AR, A7 TR, 49T 30 24 A, faE QL
w 1xF LE AA2(10T)olA 6Y T E, 24 E 12 TR S 0TCelA 271E A
7 AP v gEe) WeE £ 119 Astsh 2ol vehow], 27 e Asgow
Ah ABTANA FAREL A dehkon, dE duA@d BE, IgsdTllE #
A7 YA 1A BE ¥ AP Fe FAEe S o8] AEF Aow wasH, §
Aol v farE AT BA R BRe) S §2ES A4S AWl 4
cebtow], 2AHe A A@TAE BETRG i B ebdvh sn 2x 279
Aol AN SE FATF BAE HAS APTelA wwe) AAF A A ek

_31_



o
—
—
>
ek
-
Mg
4
rlo
Y
lo
=
o,
il
g
oty

Az = 12 w5 221dk g
LB (CFU/ml) 7.0x10° 6.6x10° 1.6x10°
GB (CFU/ml) 9.0x10° 7.0x10°8 2.6%x10°
o) =
YM (CFU/ml) 7.0x10° 3.2x10° 2.4x10°
CB (CFU/ml) 1.2x10° 0 0
LB (CFU/ml) 2.0x10° 1.0x1¢° 1.7x10°
GB (CFU/ml) 10.x10° 1.0x10° 1.2x10%
AF 71
YM (CFU/ml) 1.2x10° 4.0x10° 3.5x10"
CB (CFU/ml) 5.0x10" 0 0
LB (CFU/ml) 3.0x10° 3.63x10° 2.3%x10%
GB (CFU/ml) 1.1x10° 3.0x10° 2.9x10®
A2
YM (CFU/ml) 9.7x10° 1.2x10° 5.9x10°
CB (CFU/ml) 4.6x10" 0 0
LB (CFU/ml) 3.0x10° 85x10° 1.5x10°
GB (CFU/ml) 1.8%10° 85x10° 1.4x10°
A E T3
YM (CFU/ml) 1.5%x10° 9.0x10" 1.0x10°
CB (CFU/ml) 5.0x10" 0 0
* Ol 24 FAY, AR R0 AET A FA 4, fAr ")
g 2 0 24 A, Akt T3 2 g 24 A, Akt A7
* 12 & A2(10T)d A 69 2E, 22F dF 12 & 2 0ColA] 271 2¢&

_32_

% W -] 7] Ry
a8 6 AP H2A AlxA



&

Y
ol
"
Jio
&
-
o
i
o
N
B
T
Y
H

ol
ok

WAE A4

=
T

AN ® FE) 2

o)

h=
e

7} 71

ol g3to] Ho

=
=

]

}] Pouring method® 71 A}

S

A

=
)

on
<

peae.

S

BE 10758 10%) 7% gAF oz 84

Aol Fo

EEEER

kel
T

A7 (600X, 1,500X) 3 & njx]o] Ao A

100 CFU(colony forming unit) %

-
1.

2 gdy

Negative

o =
= 5

ol 2R
= 1

=1
=

2 4% 37

o A% 22
CICEAREIE T

2B
y T

E
~.
=
mu\ <o
M
O
- g
g = 3
~ — S
28= IRl
of o m
= | x o
@) >
M
S
= Mo o
Sz us
3 X | 2%
O © | =3
~— 7. .wPOv
=
E |
S | &
w_w 4r
)
HI 0 lu
Jl
N
%Tu
%wo
o
=

YM: Yeast & mold, CB: Colifoam Bacteria

GB: General bacteria,

LB: Lactic acid bacteria,
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2ol solit 19, 29 A4k AEw
dhsh ko] AL A9l 2

. TolA K

blind test 23 39 AAF AlsFo] 13
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=
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i3

ZFell
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1MARE [l 32MAHE
camanZ M DIE
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|

o 7 AlE A7 EeA9] blind test

= v}

14014 K

Al 3¢ ARE Alsrel 14 A
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GB (CFU/ml) YM (CFU/ml) CB (CFU/ml)

LB (CFU/ml)

2.1x10® 5.8x10"

2.9x10°

2.1x10® 3.2x10*

1.9x10°

2.0x10° 2.7x10"

2.4x10°

A Z A 7]
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oA a9 gt
d &=
Azt ofabgt Hn
x%;qpq 7]§

. A7 Bexel % FA v

AMEE AR 7S SOl A Arte e W2
A A pHE x4t Ax 23 AlEE AHgstalom, 7429 AlHS ’é}%oﬂ*ﬂ li} %ﬁs‘ AZHE 48]
o] AAjgk & 0TolA 23 A4S 3L AAe & de FH7EE AAE)

HsB7t= 16709 sampleol] thake] o] Folgon o|F 2
H7HE sttt 12 de st 2 2 16% 2

par

1 wEgsh A% gl 4% ARk wel Welurks Hol wes, fikd WrHre 49
A AR F fAkE AT AR NS A e, 1 599 444 A5t %
A ekt AgulE Ae F RNT AT F A DTE 2% #59E AASg o 1 395
AANEFANA A0l 2950 Az AFE Arlstel AN,
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X 16, 14 #5397 2%
A il % AR
A= Azt B}
A7z H7) () ZAx A% afm AP 2=
A 3.24+1.2 3.44+0.8 3.64+1.1 2.88+0.7 3.42+1.0 2.16+1.3 3.62+1.1 3.74+1.3 3.34+0.9
B 21+0.8 3.45+1.0 3.48+0.5 2.96+0.9 3.48+0.7 2.92+1.1 3.59+1.0 3.84+0.9 3.38+1.1
RS
C 3.22+1.3 3.48+0.7 3.56+0.9 2.96+1.1 3.33+1.1 3.02+1.2 3.59+0.9 3.16+0.8 3.42+1.0
D 3.18+1.0 3.14+1.4 3.16+1.5 3.34+1.3 3.11+1.2 3.24+0.8 3.11+1.0 3.01+0.9 3.08+1.2
A 21+1.1 3.38+1.1 3.58+0.9 3.16+0.7 3.82+0.8 2.72+0.6 3.68+1.0 3.82+1.0 3.44+0.9
=Dk
= B 3.41+0.6 3.41+0.8 3.60+0.9 3.12+0.8 3.48+1.3 3.24+1.1 3.44+1.0 3.56+1.1 3.16+0.8
74
C 3.44+0.4 3.51+0.9 3.76+1.2 3.48+1.1 3.36+1.0 3.64+0.9 3.59+1.1 3.45+0.8 3.49+1.1
T+
D 3.44+0.9 3.59+1.0 3.69+1.1 351+0.9 3.35+1.1 3.68+1.1 35106 3.44+1.1 351+1.1
A 3.38+1.1 3.64+1.1 3.68+0.9 3.62+1.1 351+1.1 3.62+1.1 3.71+1.0 3.42+1.1 3.48+0.9
%}\]“I—DL B 3.46+1.0 3.59+0.9 3.71+0.9 3.59+1.3 351+1.1 3.66+1.0 3.70+1.1 351+0.9 3.58+1.1
-
7§ 7]':[L C 3.48+0.9 3.68+0.6 3.64+1.4 3.64+1.2 3.62+0.9 3.61+1.2 3.81+1.2 3.49+1.0 3.57+1.2
D 3.46+1.1 3.71+0.7 3.78+1.0 3.68+0.9 3.58+1.0 3.68+0.9 3.62+0.9 3.59+0.8 35309
A 3.62+1.0 3.69+0.8 3.81+0.6 3.68+1.1 3.52+1.0 3.84+04 4.03+£1.2 3.62+1.2 3.74+0.5
Fakell HH
=
i;‘q ‘:q B 3.48+0.9 3.59+0.9 3.83+0.7 3.68+1.2 351+1.2 3.62+1.1 3.86+0.6 3.59+1.1 3.62+0.8
T s
O AL - -
T C 3.66+1.1 3.71+0.9 3.83+0.8 3.72+0.9 3.64+0.9 3.68+0.9 3.84+0.7 3.58+0.9 3.61+0.9
A7
D 3.59+1.3 3.71+1.1 3.82+1.0 3.94+0.8 3.63+1.0 3.86+1.0 3.76+0.9 3.59+1.0 3.76+0.6
* 28 Al 12) 54 2318 10ColN S4AA pHASkE 7Eer T8 F 22 548 7IAS
A : pH 60 B : pH 53 C :pH 48 D : pH 4.2
X 17 22 #5972
o i % A
A5 Az )
A7 &7 @EW A A nHw AR b
A 3.46+1.1 3.64+0.9 3.84+0.8 3.72+1.0 358+1.1 3.83+0.6 4.02+0.8 3.64+1.0 3.82+0.8
D 351+0.9 3.62+1.0 3.81+1.1 3.91+0.9 3.69+1.0 3.92+1.1 3.82+1.0 3.60+0.7 3.94+1.1
A& 3.49£1.0 3.68+1.1 3.92+1.1 3.98+0.3 3.72+1.2 40110 3.83:09 3.62¢1.1 3.9940.9
> R O A~ E kv = = 2 B o P
22k W7t A3 1dE 4% AlFe AAA 7EE7F =4 vERTh 14 4 3 33 24 =
3L T 3L e} = A A s ~ o
BAAIZL Al A= DAl =2 AA4 7|3RE dekith 19 4 AEHe 7| ZRA R fo A7t
o} ) 2~ o] =] P P kv O X
A YEA kgkon, f19 A 20E BURE gt w4 VIR el 1d A Al AR
A=) =)
Zex9] atel 4483t
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TF Identities Blast results A4
1440/1441 Bacillus casgulans 16S ribosomal RNA .
GH-01 Bacillus coagulans
(99%) gene
GH-02 1216/1252  Streptococu thermophilus strain STKWT Streptococcus
(98%) 16S ribosomal RNA gene thermophilus
B 1456/1459  Lactobacillus reuteri gene 16S ribosomal Lactobacillus
GH-03 (99%) RNA gene reuteri
GH-LB 1250/1251 Lactobacillus plantarum strain Bom &16 Lactobacillus
(99%) 16S ribosomal RNA gene plantarum
KC=-08 6(%77/%7)7 Acetobacter sp. ngg partial 165 rRNA Acetobacter sp.
B 1439/1440 Bacillus subtilis WJ17 16S ribosomal . o
KC-09 (99%) RNA gene,partial sequence Bacillus subtilis
Saccharomyces cerevisiae strain
YE-02 7%9%5 KDLYS90L ITS1, 585 ribosomal RNA ~ Pdccharomyces
gene
AC=03 6(30/63)6 Acetobacter cerevisiae 16S ribosomal Acetobacter
999 RNA gene cerevisiae
JH-05 5(08/51)0 Issatchenkia orientalis isolate ZA020 185 Issatchenkia
999 ribosomal RNA gene orientalis
JH-332 307/313 Streptococu thermophilus strain STKWT Streptococu
- (9R95) 16S ribosomal RNA gene thermophilus
Gluconobacter albidus gene for 16S
AC=02 635/643 rRNA, partial sequence, strain:NBRC Gluconobacter
(99%) 3273 albidus
Saccharomyces cerevisiae isolate F25
internal transcribed spacer 1, partial
YE-04 748/749 sequence; 5.85S ribosomal RNA gene and Saccharomyces
(9995) internal transcribed spacer 2, complete cerevisiae
sequence; and 285 ribosomal RNA gene,
partial sequence
JH-07 1449/1449 Enterococcus faecalis TRNA-16S FEnterococcus
(100%) ribosomal RNA faecalis
1435/1435 Lactobacillus sp. SXVIII9(2011) 165 _
KC-06 (100%) ribosomal RNA gene, partial Lactobacillus sp.
sequence
1439/1439 Lactobacillus plantarum subsp. plantarum Lactobacillus
LAB-06 (100%) gene for 16S rRNA, partial lantarum
© sequence, strain: AB13 b
Lactobacillus plantarum subsp. plantarum .
LAB-BRs07 | 1101411 gene for 165 rRNA, partial Lactobacillus
© sequence, strain: AB13 b
BRC_0L 1445/1445 Lactobacillus brevis strain IMAU&0136 Lactobacillus
(100%) 16S ribosomal RNA gene breuvis
TH-332 1466/1467  Lactobacillus rhamnosus strain LPI1 16S Lactobacillus
- (99%) ribosomal KNA gene rhamnosus
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FEE AE e bt 108E 52A AxE Fdel migste] H2A9 27 T E
Frabto] ol AR GFs FEA diste] Y HEAERE Hw A ik HE
T F2(20T)olA 4947 AEste] HE & pH, 95, A= 2 uAES A A 119
2% 20004 B nkel Zodvh AE Ax A 113 12004 7k o] s Aolom b
A AT AE 279 7t AR AT dedov & o)Ak §lslal LAB-DOSME
A& NE 8idA B A7t 25 =uvh ol AA Fdol SAsE 7 AR A
T AR g 93 Aoz AdE il LAB-06S HEI AE 604 EF A& ng AR
o Ax Feo] HEAHAE A 724 A¥ dubdoz 4EA ¥ Leuconostoc sp.
el o3k AL ol = 3 EE AU L vFet ddE ARRSIonE T Ao
of 3t FAHN HEV 2FHY. AR 6, 7, 8, 11, 128 %7 H& A9 A2 A3} e
Ag T vste] FR7E e Ao ddso] o]Fd AMEH fATFE WG FHoE
sto] 34 Ads Kt

& 2L 93t fATE HES AP Ex2T (A EL AE2)AA aY S4dS B
AZH A AR, xF-ol Hlste] Ffabts A9F o= Hrbeh APA dukdo=z grF
7V A AeRE JEytow 5i] HA¥ET AR 35 9, 10, 11, 12004 dizarel ¥t
Hat 90% °] AT AL FAL F dAdTh BF AlY A v|EAe] ¢ AR 6, 7, 8§,
11, 12 FolA 7t Axrt 713 22 A8 113 128 Adste] 7ty oz 32 A
&3tk

N=A: s T origin pH = A e
A& 1 2= - 4.26 13.7 1.25
Al &2 o =+ - 4.3 14.5 1
Al &3 GH-001 R 4.25 12.2 1.15
Al 54 GH-LB R 4.26 13.1 1.04
A #E5 LAB-0o 2 4.05 12.5 1.08
A 56 LAB-06 ez 4.26 15.4 1.01
A 2T LAB-BR507 BzZe 416 12.5 1.08
A &8 LAB-D0504 g 417 11.1 1.25
Al &9 LAB-40980 BzZe 419 10.6 1.27
A 310 LAB-40992 He)z 418 115 1.17
AlgE 11 BRC-01 BzZe 419 12.6 1.06
AlE 12 JH-332 ez 418 12.4 1.04
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E 20 A=l ks JET 522 HE AP vAE W

T LB (CFU/ml) GB (CFU/ml) CB (CFU/ml)  YM (CFU/ml)
A &1 2.6x10" 9.2x10° 0 1.8x10°
A B2 2.8x10° 6.4x10° 0 1.5%10°
A E3 9.8x10" 2.4x10° 0 100¢] 3}
A 84 4.2x10° 1.2x10° 0 5.0x107
A E5 85x10° 4.0x10* 0 1000] &t
A 856 2.8x10° 3.2x10° 0 2.0x10°
A 87 1.5x10° 1.8x10° 0 8.0x10°
A 88 2.1x10" 2.7x10° 0 9.0x10°
A 89 6.2x10" 2.9x10° 0 1.0x10°

A 210 2.9x10" 1.8x10° 0 100°] 3}
AE 11 6.2x10" 2.4x10° 0 100°] 3}
AE 12 7.4x10 3.3x10° 0 100°] 3}

Aol d&dFe T ']t 1"%34 gas *@“04 ﬁLﬁ}ﬂ Asl shdFgol Az A

AR 65 47F
3l WAt 7t éﬁéﬁl—t— 15 coﬂ*ﬂ 4%%0; 1% @E & mAEG 12 plH W¥3tE =43}
A3 JHFHT 149 $ 2% pHE SAI A

iE 213 Zo] HAEad A7l fAbt e T 2 YA eV %o gas

4l 29 FollA FoatE vEST AAA o2 gzt bE

_5_01 AEEEd3} JH-332, BRC-01 H7FtolA F3 Aasdisdoy

T HAES 1Y pH WA= AAZow AL HH

% pH 4 XWOM ZﬂﬂMJﬂ B %74 Fole= pH 35 ~ pH 36 o2 SAHo] Alylko]

7ot AEE B oy BRC-01 A Frol vt A2 wa & pH 41204 ¥4 1714 574
Fol% pH 4.060. 2 Hﬂﬂﬂ - gkt
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9253}
o 4.7x10°8 352
2ol 3.7x10° 3.55
JH-332 5.6x10° 3.55
PLF-500 3.4x10° 3.61
BRC-01 4.3x10°8 4.06
D-0504 6.3x10° 3.61
BC-06 3.1x10°8 3.62
SC-0509 7.4x10° 353
8.0E+08
7.0E+08 g
6.0E+08 -/
5.0E+08
4.0E+08 -
3.0E+08
2.0E+08
1.0E+08
0.0E+00
&
o 10, AEEE 7F ELA 9] 4

4.5E+04
4.0E+04
3.5E+04
3.0E+04
2.5E+04
2.0E+04
1.5E+04
1.0E+04
5.0E+03

0.0E+00 =




42 7
4.1 -

3.9 -
3.8 -
3.7 -
3.6 - HpH1X}
3-5 7 ™ pH 2 X}
3.4 -

3.3 -
3.2

= z}

ZTHT A Aoz pHE FA A7) &E

_44_

=
[}

-
di= AL

BRC-019] 7% pHE 43AH A kg4 o =z FXA 724 BRC-01752 7}
A7) wra Aol Hr 5k gl 98k Aluke
o]

Ao FdFH 9
2 Folg v

Akt a% ot

1% 24}

o) % - 3.8x10° 4.3x10* 397 352

o) = 3.3x10° 1.8x10° 3.99 363

HaEEEd 4.2x10° 4x10° 3.94 355

JH-332 49x10° 7.2x10° 396 3.68

o PLF-500 2.7x10° 2.4x10" 404 363

7Y BRC-01 41x10° 3.3x10° 409 405

D-0504 5.7x10° 1.8x10° 405 3.67

BC-06 3.3x10° 1.4x107 404 3.70

SC-0509 6.2x10° 1.6x10° 3.78 363
T 229 o] A o® BRE FHUbste] @ AN FAS A7) w5y
e e, JH-332¢F, BRC-01 #59 A% 528 Asfsts g8 ool A3



7.0E+08 -

6.0E+08 =
5.0E+08 id

406408 | e

3.0E+08 -

2.0E+08
1.0E+08 A

0.0E+00 T T T T T T T T T

e~
24
2.5E+07 -
2.0E4+07 +"
1.5e+07 +
1.0E4+07 -+
5.0E+06 +
e
0.0E+00 -l T T T T T T T T
Y X 19 v & N > N &
X BT AN R N
&7 érb‘ P MR A M
B

HpH 21X}k
HpH2X}F




BRE QIfFeR Hulsto WEE HPAFl A4S HduwEHdXe]ls, BRC-01 A2 F-olA & &
RH7F Aol nluste] gas WA Amo AolE HYTh AR &R F9} Hl#H 3] gas WA AL
7V F7rekgoH, 5§38 BRC-O1E AE|eh A3 oA gasol] 9|3k W7 o] dAs] AUt ERE HI}
SHA] ke WhE AgoA = BRC-01 M+t Ads=d X oA gas #HAo] @WAER ¢Fton,
JH-332004 gas Bo] Aok tzokis Aol Wl Ui ArdAe dare 2 folAs
E ] o]—ohj_

2h. 7tk oA RS o] £ A urg A9
9 At & 7Fs HA AUt P Ao ded o R tho] 428k 1fo] BRC-01wr=9 JH-332
FE o] g3l Box W AFS At F 239 7ol HT-olA wE 27)5E Y /A gz
TFoll mlE] B2 fAto] AEHJoH, MUt Aol HoXof ALHIFA ¢Fal AL A WEe] o
oS v A= Aoz FRIHSIT
I 23, Akt H7E AR A fakt W)
A5 1< 2y 54 90
o 2.6x10* 4.6x10° 8.6x10° 6.8x10"
BRC-01 H7}+ 7.9x10" 2.8x10° 4.0x10° 3.8x10°
JH-332 #A7}+ 6.9x10" 3.3x10° 3.2x10° 2.1x10°
BRC-0179} JHU-3RTTE #HA o #Ilet 13 <4 & 371430 22 54 & djz2a3e] v
PEE vt E 20). Y F SATRE dETe vsiel A Jegten duRes aR: 4
423k Ag g1 4 g1t Coilfoam bacteria®l 2o AEFoA 27 HEHR] Edth
T2 AR AL ¥ AR BEGAY 4 F)
A B3 LB (CFU/ml) B (CFU/ml) YM (CFU/ml) CB (CFU/ml)
EES 6.8x10" 7.4x10" 4.6x10° 0
BRC-01 H7}+ 3.8x10° 4.2x10° 3.1x10° 0
JH-332 A7} 2.1x10° 2.4x10° 3.6x10° 0

LB: Lactic acid bacteria,

GB: General bacteria,

YM: Yeast & mold, CB: Colifoam Bacteria
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3 26. pilot A E2x9] 379 L&A T u|AE BT
S LB (CFU/ml) GB (CFU/ml) YM (CFU/ml) CB (CFU/ml)
A 1.1x10" 2.2x10" 5.3x10° 0
B 1.0x107 1.8x107 8.2x10° 0
o) =
C 1.6x107 2.5x10" 4.8x10° 0
D 2.1x10" 2.9x10" 5.4x10° 0
A 3.2x10" 2.8x10" 3.0x10* 0
) o] v 2= B 4.4x10° 4.8x10° 41x10° 0
AT C 3.8x10" 46x107 2.6x10" 0
D 3.2x10" 2.9x10" 3.1x10* 0
A 4.4x10" 2.8x10" 5.2x10* 0
oA B 5.8x10" 4.9x10" 4.5x10" 0
H7br C 56x10" 5.2x10" 4.8x10" 0
D 4.7x10" 5.2x10" 4.2x10* 0
i A 8.4x107 7.2x10° 2.7x10° 0
A ol =
23, B 9.2x10" 9.1x10° 2.6x10° 0
bt C 8.1x10" 9.2x10" 2.5x10° 0
%7]—:'1 7 7 3
D 7.9x10 8.1x10 2.0x10 0
w ZF AYd 13 4 24 8TAA SAAA pHRSE 7Fo2 $5 3 23 48 WA
A :pH 60 B :pH 53 C :pH 48 D :pH 42

pilot @99 4 AR APd A Hewd Hl%% X} W|S2d ol e iz
Toll vl AFgrellA AAA R Fakt FA7F = B R A verth wl @
A ks AEd AT Mkts ZAUFe ATl e Hl%; FAR e o, dYuFd =
et kit HE Hest A9 = 1 =3 ER SR B U e
o gas WA Aol lolA e AuFo] kA e fakdt HoE Aol A 7P A yE
Wtk & 169 179 Z3E BE B o} frabt H7HE Hest Ag
A 7w A UEr T 13 44X pHE 42744 Helmd F 23 A7 S B2AdA s
7 ARE =AY

Al

oX
>
N,
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Bexe wE B4 AL A% AAE F0%d FANTEANN AXH o He
A% %ol HA Fe AHz AxFY THwel AL AL FLAe WFge A
FT7.8% (W 98%, Aw), FAE 6.64%, iLx7FF 3%, T 5%, ﬂﬂ%]‘?ﬂ A 1%, A-+A 1%,

vhE 1.49%, 3 0.8%, %3k 0.8%, &zt 0.
7 0.1%, WA 0.01%2] vl &= ATt
oo Wy 9 =4S Uy
& 1A daes AEEH L
2 AP 24 A
2] 50 &)

231974 A& AT

s A BE L HH

13 25 23k %A
MK1 5¢C 0c
MK2 5¢C 4C
MK3 10¢C 0c
MK4 10¢C 4C

(2) 40 e Boxe] vty EA BA
(b pH % 2=

pHE 722 w72 vpdsted Azz oupst 713 ofxby
GmbH 8603)2 A}&3lel =R =4S AOACH ] wa} 713

-5 pH meter(Mettler—toledo
o9} 10 mLE 0.1 N NaOH
A

2 pH 839°] & wj7}x] 443 ] Au|E NaOHe F-3& Ztgkoz stsle] Arbgh
) ¥4=

Ax 2AHL AR A% A (Takemura Electric Works ltd TM-30D) & A}-&3lo] =
A5t

2o A2 DNS(dinitro salicylic acid) H-& AF&3te] AT Al5E AAoatds ¢
AR (6,500 xg, 5 min)dtar AA RS 1008 34 dte] AF&E. AlE 1 mLo| DNS& 3
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mLE 23 95~100TColA 5 min ¥F-&3F 5 iceoll A 23] 3 spectrophotometer® 550 nmel
A FHEE A3 Standarde glucoseE AFEE

() M=
M =24 ofztels- AFA(KONICA MINOLTA spectrophotometer CM-3500d) & ©]

A= EA42A2 Rheometer(Sun rheometer compac—-10011, Sun Scientific Co., Ltd)=
Abgete] ST AlEe #FETeEZRH 7T em AFY E7]5-9F 3x3 cm®E FHE &
adaptor No. 43 mm)E o|&38le HAEE =A% =4 7L Fixed depth 10 mm,
Distance 200%, Table speed 60 mm/min, Road cell max weight 2 kg &2 3}% <.

(b)) 714

7153k A Ao FF 1 mLE 7Feke] E3bsk & A 21,550 xg, 10 min) 3}k
of A& 35 NS 045 um membrane filter(Adventec)= 33k o} 2 10v] 843 &
HPLC(ICS-3000, Dionex Co., Sunnyvale)Z o]&3}e] fH7]4Hs B39 8. T84
malic acid, succinic acid, acetic acid, lactic acid, citric acid(Sigma Chemical Co.)E A&
st AL Capcell pak C18(4.6 x 250 mm, 5 um, Shiseido)S AF-&3}% 3L, solventi= 0.02%
KH-PO.pH 2.8)Z AF&3l9l o™ flow rater 0.2 mL/minZ AA3. UV 24 210 nm,

injection volume< 20 pL= #43%,

(Ah) 8] ohvl At
el oAt B8-S AAste] A ko] 05 goll 16% TFA 1 mLE 7Fske} 14)3F WA
?, A0 xg, 5 min)3 %6“?3}1 0.02 N HCIE ©]83l9 5 mL=E A-§3to] z-go}v]
A7) (HITACH L-800)2 43k #2712 % 29 2. F5892 Wako ¥ ofv]=
Amino acid Mixture Standard Siolution Type ANI(Wako, Cat No : 015-14401, Lot No :
TSE8059), Type B(Sigma, Cat No : 016-08641, Lot No @ TSK775)Z5-¥ Z}7F A& 2 mLE

F 3kl 002 N HCIZ 38]43}e] 50 mL= AlZx3lo] AF&-3h

o
o

S
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¥ 2 %9 obvlnd B4 23

e

System
Column
Injection vol.
Mobile phase

Amino acids analyzer (HITACH L-8900)

Column for physiological Fluids Analysis #2622(4.6 x 60 mm)

20uL
FES B1 B2 B3 B4 B5 B6
e PF-1 PF-2 PF-3 PF-4 H20 PF-RG
FES R1 R2 R3
ol B4 Nin Nin-Buffer |5% Ethanol
. Pumpl Pump2
(Tnﬂe; %B1 | %B2 | %B3 | %B4 | %B5 |%B6 | Flow rate CTO:I;H;)“ %R1 | %R2 | %R3 | Flow rate
(mL/min) ) (mL/min)
00 |100] 0 | 0] 0 | 0 | 0 0.350 38 | 50 | 50 | 0 03
2.0 30
215 [100] 0 | 0 | 0 | 0 | 0
216 | 80 | 20| 0 | 0 | 0 | 0 60
35|70 |30 | 0| 0] 0| o0
36|10 | 9% | 0 0] 0| 0
36.5 40
435 10 | 9 | 0 0 | 0 | 0
436 0 |100] 0 | 0 | 0 | 0
505 | 0 |100] 0 | 0 | 0 | 0 70
506 0 | 0 [100] 0 | 0 | 0
684 45
695 | 0 | 0 |100] 0 | 0 | 0
696 | 60 | 0 | 0 | 40| 0 | 0
750 | 60 | 0 | 0 | 40 | 0 | 0
751 0 | 0 | 0 |100] 0 | 0
820 0 | 0| 0 ]100]| 0] 0
821 0 | 20| 0 |8 | 0| o
9.5 70
995 | 0 | 20| 0 | 80 | 0 | 0
996 0 | 0 | 0 |100] 0 | 0
1125| 0 | 0 | 0 |100] 0 | 0
1126 0 | 0 | 0 | 0 | 0 |100
116.0 50 | 50 | 0
1161 0 | 0 | 100
215 0 | 0 | 0 | 0 100
1216100 | 0 | 0 | 0 | 0 | 0
125.0 38
126.0 0 | o | 100
1261 50 | 50 | 0
1480 100 | 0 | 0 | 0 | 0 | 0
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(0}) H““q F7I4E &

Jol W& 5229 B4
04 P 7694 Headspace sampler{Hewlett—-Packard Co.)oll A¢ste] # 33 22 %7
A8 A8 W 7| AEELS Willy 08 libraryE ©]-&31o] %43

odh 1%
Mo

B2 A o398 Head space vialoﬂ 3 mL® B3
Ao

=

E 3 AW B/ AR B4 22

Headspace GC/MS
Sample Temperature 80C injector 200°C, Splitless
Equilibration Time 30 min Column J&W Scientific, HP-5(30 mx0.32 mmx0.25 /m)
Mix ON . . High . Temperature 40T (hole 5 min).
Pressure Stabilization Time 0-1 min Program Increase to 100C at 4 C/min(hole 15 min)
Loop Fill Time 0.5 min st s
Loop Stabilization Time 0.1 min Carrier Helium, at 1.5 mL/min
Inject Time 1 min lon Trap 150°C
Temperature
Sample Loop 90 Transfer Line 230C
Temperature Temperature
Tresfer Line 100C Mass Range  40~550 amu
Temperature
) AR #E B
AR nAAE B8 e AFRE WA 2E 5= PCA(plate count agar, Merck) Gl
A, FAbtEE MRS(Difco Laboratories) 2t BCP(bromocresol purple, EIKEN) ®j %], &5 3+=

PDA(potato dextrose agar, Merck)®} YPD(Difco Laboratories) LA} X]E A}F&-3H @X]T‘E

upgle] Wi AZzE ofisk A oS 0.9% saline solutiono 2 108]8 AL 8] 4 )0

7171;4 Hywl Ao 100 uLA =83 & Ft2 37TolA 293, fakte 30Tl A 297,
ERE 25TCoAA 297F v 3.

B H7hs FEd AgAEAdA Y d79 1290 584 ghmukeunji flavor) th 3+
2 1100 W), 33(EE), 53 ()

5 Az X]Odﬂﬂi 67H%J~3Lﬂ 6714 *H%

_58_



Mr
M-

—_—

K
o)/
iy

Nio

Eal
BT

—_—

N

o)

Ll % =y =N w il
17W Lty = GRS = = e
N = N . . S N "o &
S w o J s
- il & T B
| Bl | = o Rit - T | Al -
= e
° g e I I = |E =R Tl |
= |t [T = = o des |l
Kl o =B o G = B 70 %MT
S| | gl . U L
= =1 - S S| = _—
= = T = S| o] = |if nmv w | S ' | &
(e IR o (% RS N~ = | B | W3 | D
R L N o - PO oS B S O S AT Bl - IS A o
B e o B S e B s S - B sl e m | 4T |2
TREDS B S e =] B[R e S PN Ko
R T e o B Bl D ] Rl B e N
o Mo| 1 K| o B < &5 = s |02 =S
R - |ok mo| B N e s e I k= I N
® (T8 e v (Z0E s |2 EERE T 9T B
o JZAAEM R ,ﬂhmD = oooTooﬂMAH A%oooo_ﬂwvﬁ s == =o| =0
_— B = R = | | R B & | | N | B e AINES
3 — X M = "X X | oy | =T R T ®K| "X Lo =o W S &2
| BN < Jo0 m BN DU PO [ B ST DTN DO [ B b e S 4 v
i e o O L o e e B B s B I S E S =
DR =l s R s S i | Em R il e A =
I s = S e s = I B PN S F
O3 RE[Zw B . | RO K| X e e e e o i e I £ BV | =S
T w2 B | X Sl | e | B | | Gl 8
= ™~ oo | K| Be = = | o < < | | &3
A i N - - B S oo Sy I e g 6
3 . £e) N} = I Ro el o= H e A -~ =
b B O T Y P o R N e B P I B e i N o
[=p} — m —_ _| < S A < B N
e o e N oA | SR ~| AT~ S KSR RN JENg My | en| e ﬂulooﬂ%
N e . IR T R PN L e PSR B2 W 32 | | e | e | B e W e re)
m\ﬂﬂoﬁo,ﬁ ~ TR A 7N:_1u1__/l0\w_i M|Z Ro| =r G Rl B
B G e I B I A 1 P B I P R P e U P
oo.bi/,mw,mmﬁol B3| e | A R pl| 7uTuT7.1rAy P Rl il
[t < ol o] - J A e o P =) R B i o - - S od -
i b o B N B T N P N P S S s P I P = e P =
=S8 R S B2ZBE ImRRE |8 2|65 Mr 8| B2 o
X o e o g e e e o R s N Bl
wWAEE T W E|E| T A | RHT T BT T W e T T T W T A
aw | 5| G aw
o = szl H | R R | ozt I Wz 41 s ) I - 51 = | = H =)
Arlﬂ%_l =) 0&110&3@%%1 o — ca| ca — W‘ﬁw_ ‘A..mm_ = W‘ﬁw_
— MmOy — — —
BN B mﬂﬂﬂﬂﬂﬂﬂﬂﬂ [ [ o
e P T N i alal | = | ® R s e e o L o I
MBI G S || R R R (B | R |TB|E| T | || R |Me o
TR g = = Sn | An| A Sa) An) o g o~ Ae 0| AnAn| Am o |3 o o o
7ol 2o w w RO| RO | RO | RO| RO | & CSENIC Sl o2 e "Ml Mo || e
N I~ RN DU [ — | X =] = — CARGS
=| Hp NI 2| R|R|K | —| K|K| ® K| =
o Xp M| —| == o)) _ Xotopl o
w [ P |®|PTITIT Db T oy | P |dbloh| o |wrwld) & |
e i W we || | o] ol ol | pir | iy . il il A R e A
i T | R BB | | T < | wm| o | e |38
T [N=r o "5 8955 mol o |2 | = | M| 3 el B
| of oA e L K K bl e Y B I N B o) = of| w
o\m El io ] KE R el E o "o 1Xro we|®e| o ol © ﬁe =
o= e zlvigsix oS a8 8 e E 18 8 58 g
=)= = IR I Rt =1 = ] Rt = == = = = = | = =

ol
1.

B

g

A%

T .
s

st
.

517K 54 24

A3, A 7Ee

2x2 cm= A}

H BeAE
Bg A9 B

=

]

AN Are 27

T .
s

LS

ArE 2ol A Al

1
[¢]

o
T

B

alo
o

o]
=

3

ANE 3

1
[¢]

w0

"

j2)

i

—

A
=

AA L Sigma plotg o] &3te] =

e

A aE AR

L= o]
N

(4)

b

Eato]

A o

3

BCP(EIKEN) %

KeN
=

2 o pey

[e)

=
T

_59_



37ColA 48417 vkl & ekl o g W3l colony S #2]3FaL o] F v 2% CaCOs7} &%
MRS plateo] #]sle] Fgks A 75 fihtow FAS A dygdos e #FE

el

522 2E gRE B e viAE Ik Ao BS-S Asishy] fste] 2o = pH
4002 HAE PDAE A 524 o4& PDA(H 4.0)l =23te] 25T A 243k vl
veERd colony 9ol TTC(2.3.5-Triphenyl tetrazolium chloride, J.T.Baker) agarE +ZA17# 30T
oA 3AZF AA 8 B UERG colonye] Mol o)sle] thE A4S Lehlal FEjgiz o g thE
s 28
(6) H2A #+4 #59 4
7h des4 54

el el tiste] aEd A B Held e Adste] duHed 54 BEd

CIR LR
#7) FASE o] 87 f2HE 54 kitdl AP 50CHL(BioMerieux) & AH&-sto] 4
WA ERlE Gulas Hele e AR B #FE F SRS e w5l o

oft

(th A= B4

28 w5 BAAETA T4 93 fAEe 165 tRNA A7 L L,
18S(partial), ITS, 5.8S, 28S(partial)e ¥ &3+ rRNAS d7IMEs ZAAST <
NCBI(National Center for Biotechnology Information)®] blastn program= ©]
GenBankd] SE2% 97| dE53 vy oy, TEaF(type strain)9be] AHEA S Clustal
X9 Mega 2 program-s ©]-83Fo] 243}

L= A

Lo
&

32 APE T H2A F49 A

() 134 = W 43
b AHgE EF

AE ELeA 1 1 3 bty 85 F #e4 T 958 52X A 7S YEeER =
HFE 7|F02 §4HF 9E(M3-1, M4-1, M5-1, M6-1, M7-1, M11-1, M13-1, M16-1, M17-2)
I 3w 6§<M1DP M2LP, MALP, M7DPW, MI0R, M11W)& A 3te] A}&-3

h #2A Az

RoBEE 93 HAAE Axsl7| 95t Fhvd AAETHeERY 3 ALkd
5245 Aol ARESE Ao HIFE 7= A2 MRS ®IX| oA 30T, 244]3F w1
A3, EE= YPD iAo A 25°C, 24413t v kste] Al st dAFAES A2 dgel
ato] FH|Eh Box| 250 gol BT FE 1x10° CFU/g® A7lete] & 4e e 500 mL =

2,
42

2
5& 0ok rlo

o
O
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bol zvlshe)
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S

oF AHg

i
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X5 LA )AL Y 24

Headspace GC/MS
Sample Temperature 80T injector 250°C, Splitless
. . . . J&W Scientific, DB-5MS
Equilibration Time 30 min Column (30 mx0.25 mmx05 m)
Mix ON High Temperature 40°C (hole 10min).
Pressure Stabilization Time 0.1 min Pro Ir)am Increase to 100C at 2°C/min(hole 5min)
Loop Fill Time 0.5 min g Increase to 200C at 10°C/min(hole 5min)
Loop Stabilization Time 0.1 min Carrler Helium, at 1.0 mL/min
Inject Time 1 min lon “Trap 150C
Temperature
Sample Loop W0C Transfer Line 230
Temperature Temperature
Tresfer Line 100°C Mass Range  40~550 amu
Temperature

(vh #5H7}

s Hrte $HE A9 EFAAAdTAY A7 129 0] 9 B(appearance), 7| (flavor),
522 SHmukeunji flavor), Al5Hsourness), ®-4Fv|(carbonated flavor), 732 SH(savory
taste), &7 (texture), T 7| &% (overall acceptability)ell tdle] H7lxe] 7|28 53 =

SUoE BAT. 4 FREE ROIE ), 3005, 59015 £2)02 AT,

-~

() 7 %A Az
b Ahg 7
=] A

Bol Wty HIE Folo] HEEA F A Aol ¢ T 7Y ¢E wFE A
i 15 (Lactobacillus paracasei subsp. paracasei

=
ML7)3 &3btF2 f2ht 15 (Lactobacillus curvatus ML17)3 &% 1% (Saccharomyces
1] A AXE % FHow ALE

it HeAE S AAE Axd] Siste] 8%
QulFet Fdg wol AFTHR 7 4 kg¥ XINAAR AT F&A M A7
Al sk g S AME st HeA Sl fabwe AA g¥ 107 CFUS, RRE
AA g3 10" CFUE E§ste] ddulFel Mrd. SH& A7eA 22 448 dz7 4
Az Az Az AAE 10T 797 14 BEAZ F AAYFIL1T)A 90D 71

EHA7 AA= 0, 7, 30, 60, 900Y A He|A] pHY A%, B4, HAE 72 W3E T E
g st on, HE HaHd 90d AFdA F714 olvet T8 FUF BdEa SdFY
AA7VEF7FNA AlH Fol 19 SA %—8—%1(01%%—8— 52A)E I TRt vuiEy
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3 e, 7 e Ao Wiy o] B E4fo] HAfE Fele 1x4ow F e Eo

2l el E #AFstar Fea ] 4 (Olympus BX41TF, Olympus Co.) 0.2 A X9 g & Bzt

T 228 0% 16S rRNA 2 18S rRNA 7|44 48 E3dlo] &9 rRNA 7] 443

Fdshe &2l

3) #=F HU}

HA 9] H5q 7k EE 90Y Fo At on dxdozA Frs HIbshA &L dx
T AAG AFEFd 13 54 B2A(0)He F2X)E A Hrigh dedrbs v £49d
AEAFGATAY d5d99 sldsd AA7taa3ad A 20"l Algstglon, <

[ A A

(appearance), v € Ul (off-flavor), “Hmukeunji  flavor), 4lZH(sourness), ®AkT
(carbonated flavor), 7+%& BH(savory taste), &7H(texture), &3 7] % =(overall acceptability)ell
ate] Hrkxke] 71ZRE 53 AEHom HUHgh 7 F&dd did A wydy A 13
(- oF3h), 33 (X%), 5% AhHoez I ¢ FEEL 170 ), 38 (HT), 58 (1
$ FL)ow Hylsk Hyl A= SPSS program(Statistical Package for Social Science,
version 17, SPSS Inc., Chicago, IL, USA)-S o]&3lo] ddu]x 44 (one-way ANOVA)

& A A8 & Duncan’s multiple range test® AFE A =3Hp<0.05).
vp, Box Fe A UTA 2 754 3ot

1) A& 4

ML17 4kt 30C, MRS A #jx| ol A G2 F3tal MY7 &= 25T, YPD e AH A
ol A AFuj (180 rpm)EFHAA Mg 72417 A AKES A4 ASEE W FA gl u)
& Aes Ao A g pHE =49

!

(2) 2NA <A H7}
7} €384 H A E(Hemolysis test)

AARMEAE S fste] A FaANS] B-&dY ofFE XAE. Blood agar
plate(Hanil Komed Co., Ltd)o| i¥5Z streaking 3+ 3 F2hf2 301 Hi= 25CoA 7+
zb ABAIZE wiekete]  wAl Folol FHEkY AAdARE AT FAWE dxao=
Bacillus cereus KCCM 112045 A}-g-3h

(W) 2484 4dA4)

48 =AHE YA+ API ZYM kit(BioMerieux SA)E AME3F 5= suspension
medium(BioMerieux SA)°| 5~6 McFarland® 9% & s & A~E O 7} cupuled| 65 plL
A FF3lo] 37C oA A 44 7F v kg bkg 2912 ZYM A9 ZYM B A ¢H(BioMerieux SA)

=&

& 77be] cupuleel @ W Wolmdl 52 Fol Mo Wiz A ddste] aadA
& 54

3) g4 W+ H7t
b pH W74
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ML17 4+ MRS A vf=] o] 30ColA, MY7 &% YPD A vfx|o] 25Tl Al 244
- AAE 6500 xg, 5 min, 4T)3t] #AE 3 + 5 N HCI¥ 5 N NaOH
& o] 83} pH7) 3, 4, 5, 7, 9= A H WX dEslo] 4ToA 24A13F Held & A

ML17 4+ MRS A vf=] o] 30ColA, MY7 &% YPD A vfx|o] 25Tl Al 244
Sk YAAEZ 6,500 xg, 5 min, 4T)3sFe] #AE 343 & NaCle] 2, 5, 8 10,
15% SH¥ #i X o] dE3lo] 4TolA 2443 Ak & AdrE 43

(1) FNBEAR BT

ML17 f4kt-E& MRS oﬂXﬂHHX] of 30TCoA 24A13F #j<kst &= A4 72](6,500 xg, 5 min,
4TC)3te] #AE g3 & MRS 81#| (pH 2.5)2F <159 9 (pepsin 1,000 units/mL, pIH 2.5)°]
A= 3TTCAA 2417 Helshal 3 E55(0.3% oxgall, g/v)olA & 37TCAA 2443F A2 d &
AEES AT

B) Zd —‘?*%} ol

ML17 f4kte] Adl 7258 Caco-2 AIXFE o|&3ste] ZAE. old A FA-5o] ¢

Falttar &8 A Lactobacillus rhamnosus GGE ¥4 tx=F2 ALgsle] FA5S vwdh

ML17% FBS, penicillin¥ streptomycin®] H7}&#] &L <3 DMEM H 2}

Caco-2 Al%el 10°~10° CFU/mLe]l A HEste] 37ColA 5% CO, 7ol 24 7H5¢

g = F2AE FATE countingdte] F-2E--8 E913%FaL, gram AM 3] FE dAwA
=) S

2 ¢l o
Sk BA8-(9%)E Caco-2 celld] -3l 27| o] il Bag w59 v|2 A

off

stal

3‘
bt
K

6) F7 a4 Bt
Oh AEEF
Aol A3 AN RF B2 G AL E 6 4T,

¥ 6. FAFA HI AAAHF

) . I 1
Group Strains Medium s
temperature
Micrococcus luteus ATCC 10240 LB 37¢C
Gram- Lnterococcus faecalis ATCC 19433 LB 37¢C
positive Bacillus cereus KCCM 11204 LB 37¢C
bacteria [;steria monocytogenes KCTC 40307 BHI 37¢C
Staphylococcus aureus KCTC 1621 LB 37¢C
Escherichia coli KCTC 12119 LB 37¢C
Gran_l— Escherichia coli O157 ATCC 43895 LB 37¢C
negative . . o
bacteria Salmonella enterica subsp. enterica KCTC 2515 LB 37¢C
Pseudomonas aeruginosa ATCC 27853 LB 37¢C
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(b)) ML17 frakatel o) gk gt gk

ML179] 3t &g & AA|Fol et #AE A3 7Fske direct methodi o= SA T
JA 7% 1x10° CFU/plate® =#slel F#n|dt & A A)qto] by el ¢jo] ML17
o] wjF9 10 tLE 3 cm Zo|2 1o ol A 2447k v Fslo] A ek Ao -

-
1

b

_

N

L
UQL

Lb. curvatus ML17¢] 24X 7F vl kelS A|4F3k & 5u)] F=3lo] x| A|qro] 3k 3t eAd
S paper disc assayH oz AT R A|FFo] 1x10° CFU/plate byl vl 9l paper
discE <832 ML179 58] &3 dike] 100 pLE "ojxmdl 3 7} A9 wjf &T-of A

24Nt wFsle] A Aol tHek S Asige 4T

(8V) Lb. curvatus ML179] Ao w2 3hgkAd
Lb. curvatus ML172] A& wE A S A3 7] 95le] af A 7t whE sk
S TH% & o FE53 g EAS SYE XFHEAS AP o 2 F4sty

uLE spotting(spot-on—-the lawn test)

ATt o2 AVE3E B cereus7t TEE wix] gl 10
3oy g s AT dA4AVE ASs dAE AW gAviae o9& FHEba o

o.
ghol 1 mLoll digte] gitalF= A+ E F3te AU/mLE e,

(v}) ML170] AAksh= &t
Lb. curvatus ML17°] A &
pH 3.0~9.002 xA43to] 37T 247 g § 978 F4g o W #2 pH(pH 30~
7.0)7 4% wA(MRS) XMM at
wj o] wix 8] pH7E A= Fetdde] o
Lb. curvatus ML170] AA+sl= &l
7 2= 2UER AYste] FaAs AT
Lb. curvatus ML17°] A4tz &2 f40 ik g3ks Lolny] §sfo] gt
=48 &4 proteinase K, protease, trypsin, a-chymotrypsin, pronase E, a—amylase
lipaseE 1 mg/mL2e] H %= 37ColA 6413F X833 100TCoA 58 &9t &9 a4
BN 5 AEBNE 2.

(7) Mannitol B4 %5 391

Lb. curvatus ML17TZF-H mannitol A/d%5& Sst7] 93kl 3% fructose’} A7Fe LM
off 2| vl 2| (yeast extract 5 g/L, peptone 5 g/L, K-HPO, 2 g/L, MgSO, - 7TH-0 0.2 g/L, NaCl
0.01 g/L, FeSO,4 0.01 g/L MnSO, - H-0 0.01 g/L, CaCl: - 2H-0 0.015 g/L)ell 30Cel A 24A]
Fojeksk 3 AR e A& AR AS TLC plateo] 1 uL # &3 & A 7]8 v (MeCN :
EtOAc : l-propanol : water = 85 : 20 : D 15)2 10ecm® 2 A7RAI A AgNO3-acetone
Lo 4 5E  alkaline-methanol Oﬂ /‘1 307, NaS:0s(1.5 M), Na:S03(0.08 M),

=

&9
NallS05(0.25 M) & A @3t gk Standard¥ fructose®t mannitolS- AF-& 3t

o) 3
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(8) izt &4 =54

Lb. curvatus ML179 34k3} &4 =48 DPPH radical 24 84S =43k F¢ldh
ML17 #jF 239 05 mLel 01 mM DPPH 095 mLS &§3te] o] adtd Az &
o A 308-7F WA e ¥ 517 nmoll A FHEE A3

2AT )=z FRE-AlRe] F3E)/MEae] F35]x100.

9) $AE A7 oA 2 54

HAE A A BHE S-S 98kl Lb. curvatus MLITZFE A os 3
AA ALAE AGSS A A AE HT-290] sz A ste] dAx F2
XTT assay® =43 vy 7+7he] celle 48 well plateo] welld 5x10° cells/mLo]
0.5 mL# seeding 3}3 incubatorol Al 24A|3F &St cellS F#3 & vjA]E A A
< 10, 20, 40, 80 pl/mL=E H7}g wIFRES FF F 48Xz Wi s 48AIZE F
XTT-phenazine methosulfate(PMS) €41 mg XTT-10 pg PMS/mL of RPMI without
phenol free) 125 L& H7F3te] 37Col A 2417 wjeksl the WA E formazang microplate
reader(MQX200R, BioTek Instruments)& AF&3le] 450 nmolAl 3 E=E SAY. WA=z
o] AEEL xR+ et Y4 AE& (%02 TAIGE Axe dg4 ¥wstE &3] 9
3 wlekEl Zh7he] cellS culture dish(100x20 mm, Falcon Co.)ol 1x10° cells/mLe] ¥ %=E
seeding3}3L incubatorell Al 24A17F &<F F&AA7l & FA A& 10, 20, 40, 80 uL/mLE H7}
gk wj kol s EFohe] 48A1%F FoF wiFe & @8tA v 4 (TMS-F, Nikon Co)o = ## 3

T8 3R skl F ol A = WA dukAQl BE SAe 2ARskaL Al w
E 1A 2R 2E(AE 50, 37k 100) 2 23 A4 2= wpE wa EAY dea A

(1) °l3t3t4 54
(b pH ¥ 4t= w3}

5229 £47]3ke] AGFE pHE WolA il AEE FolAE 43S e 14 BE T8
AFe 7de Z7] 5TCoA LEAZ MK1¥ MK27F 10ColA] @& A1Z] MK33 MK4KTH
E2 pHe o W2 AARE vehiy wErt v =gd A9 12 E $F 24 A% w
2 dg kel des T Aoz Yeld. 0TolA 23 4% MK1d MK3e 4<5:7]71F 112%
3 A el wha] 4TelA L3 MK29 MK4AYE 56¥ 3 2492 Uehg 4C5A e 49 wirt
wAs P & F U5 Ax7] o|F AFFEE HEVF gtsA HeEe] WE ERAA
2 231Yell= BE AT AdFd HEX 9 FARE 2] pHpH 387~3.96)9 AFw(1.1
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The arrow indicate the start of storage.
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The arrow indicate the start of storage.
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The arrow indicate the start of storage. L: Measurement of lightness and varies from 100 for
perfect white to zero for black, a: Measurement of redness when plus, and greenness when minus,

Lightness (L*)

Redness (a*)

Yellowness (b*)

20
15
10

UEh. AARE oRd S7hed
AFol & HolA (2™ 5)
—&— MK1
- MK2
—h— MK3
e MK4
T T T T T T T T
228 56 84 112 140 168 196 224

Fermentation period (days)

28

56 84 112 140 168
Fermentation period (days)

—— MEK1
- MK2
—A— MK3
— & MK4

T T T T T T T T

28 36 24 112 140 168 196 224

Fermentation period (days)
_‘j_B] 5. 07(] /\/K-] 24 Aﬂt l:ﬂgg}

b: Measurement of yellowness when plus, and blueness when minus.
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6). W A HEsb WE AT 24 FAMK2, MKOE 0T %4 23 (MKL, MK3)e] v
y oz e A% g UEhd. 54 1129 ol Fo

I
7t
=

D T T T T T
o 28 1+ a4 112 140 168 196 224

Fermentation period (days)

a¥ 6. H2A A T B4 W

The arrow indicate the start of storage.

7] 4k sheko| whE) lactic acid, acetic acid, citric acid, malic acid <2

= YEPE(E 7). Malic acid= 12+ 2 & o] F Aol wpeh Faste] @i 231d A= w2
shekS YEH. Malic acidi= f4betol] 2)3) lactic acid9} acetic acidZ A== f{Akt

2o we} malic acidis H23] #4dE Ao2 oA, Lactic acide 13 T &

of whe} WE 4Ll A 84H Atolol FHuf 3hEFS YERHACH, o] & gkl
e

o

5
St s X Citric acides B8 AA A 23 28l Hul &= e oy,
7 Adgge] mE FrAAom fAadte] WE wWr)oiE MK2, MK3, MK4 #AoA] vte
FE e, 12 UE =7 10T 495 5 3
WA 12 WE 7|7 F<t lactic acid®t acetic acid®] §HaFo] 4% SV S, F7I14E &
WHslo| A 22} A o wWE IS F9 IA EREA Z e
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Bl

7. H2A 54 T w714k w3

Organic acids (mg%)

Kimchi Days B;I:il(lic Lactic acid Acetic acid C;Z(lic Su:;t;uc

0 167.63 35.53 16.94 238.47 -

7 256.12 99.41 24.45 259.47 -

14 81.63 267.67 37.90 280.93 -

28 34.71 371.91 120.26 1167.30 -

56 22.68 455.05 155.35 984.46 -

MK1 &4 20.31 690.23 238.27 74357 -
112 16.16 649.92 159.26 988.39 -

147 14.48 625.74 18151 876.94 -

175 36.73 551.87 184.55 418.88 -

203 35.56 607.03 198.12 264.10 -

231 28.37 660.40 203.37 187.14 -

0 167.63 35.53 16.94 238.47 -

7 256.12 99.41 24.45 259.47 -

14 156.85 391.86 61.25 511.79 -

28 211.39 697.81 18372 1123.49 -

56 61.53 681.91 163.60 789.92 -

MK2 &4 43.83 586.27 107.11 685.31 -
112 35.40 525.53 151.55 436.37 -

147 43.65 570.57 137.69 378.02 -

175 36.09 639.45 220.62 201.00 -

203 36.55 531.39 222.05 11532 -

231 30.36 632.01 235.33 52.47 -

0 167.63 35.53 16.94 238.47 -

7 132.03 0668.77 72.25 147.86 -

14 146.21 853.70 196.34 223.42 -

28 122.73 720.24 267.33 895.20 -

56 69.43 72551 382.83 622.37 -

MK3 &4 65.30 655.14 235.74 404.71 -
112 62.11 690.88 198.12 354.25 -

147 58.26 579.47 172.69 18794 -

175 20.42 631.94 172.34 159.82 -

203 24.52 676.43 196.56 129.84 -

231 12.67 703.71 183.09 53.31 -

0 167.63 35.53 16.94 238.47 -

7 132.03 0668.77 72.25 147 .86 -

14 268.63 942.92 121.95 534.23 -

28 206.10 864.95 296.28 690.66 -

56 38.78 781.53 292.77 601.71 -

MK4 &4 23.72 615.61 288.95 343.12 -
112 21.53 729.89 236.22 299.18 -

147 19.14 727.22 17585 167.82 -

175 14.20 604.54 258.48 95.16 -

203 7.64 543.00 32255 88.79 -

231 6.99 670.58 230.09 87.60 -

-, not detected.
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e o}mi@—e« A @dEA FAPZEo=ZA %ﬁ&% mut olUg 1 AA 7 EA =
1 & 1 ol e} fatre] wao] o
S Fo] AAY FHe T ATES T L4Vt H. 4F9 E&X9 F8 ofnnil
asparagine, alanine, proline®. = UYE O™ U5 O% aspartic acid, serine, glutamic acid,
lysine 59 ghgFo] ®Wlwd =A YEFS(E 8). Glutamic acid®} aspartic acide 732 5he
et alanine, proline, lysines @5he W& ofv|:=4toZ Harye] glg. 14 WE o &
7F =& AF10T) oy ofu|ibEe] 5T vt FUbsl o, 23 4 X uE
ofbu| ;= At Fhek WskE JAT AAAHS UERHA 2.

[e;

-|-‘
r_{
¢H

[¢]

.o o2 rir

;
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”

8. T2A %A T #dl otv:Ate w3

Free amino acids (mg/100g)

Kimchi Days Asp- a— N a
P-Ser Tau PEA Urea Asp Thr Ser Glu NH, Sar AAA Gly Ala Cit ABA

0 9.86 1745 0.00 0.00 0.00 0.22 0.95 0.00 14895 66.05  0.00 1.87 0.00 0.00 8.13
7 0.00 1066  0.00 0.00 0.00 1083 1960 2009 /511  0.00 1.14 13.04 b378 151 6.98
14 0.00 9.01 0.00 0.00 3158 918 1507 1023 6881  0.00 1.02 11.66 52.69  0.00 4.26
28 0.00 9.38 0.00 0.00 5296 1637/ 3041 1868 9181 0.1 2.25 1836  79.32  0.00 740
56 0.00 1046 0.00 0.00 0.00 1283 18/ 891 6568  0.00 0.94 1291 4831 0.00 342
MK1 84 0.00 8.31 0.00 0.00 4029 1890 3090 1943 111.94 0.00 099 2055 8411 0.00 6.38
112 0.00 2.12 0.00 6.91 1318  7.59 916 3345 1987  0.00 5.08 1717 7827  0.00 1116
147 1537 837 4447 000 4797 1779 2818 2610 111.13  0.00 0.72 2046 6834 281 518
175 1334 464 2054 000 2939 1173 1908 1404 5221  0.00 0.69 12471 4351 0.41 242
203 0.00 3.99 0.00 0.00 4000 11.28 1681 3705 6454  0.00 0.71 1191 3659  0.00 2.36
231 0.00 7.87 0.00 10.89  5v.30 2343 4081 2411 1719  0.00 148  2/94 9540 094 4.33

0 9.86 1745 0.00 0.00 0.00 0.22 0.95 0.00 14895 66.05  0.00 1.87 0.00 0.00 8.13
7 0.00 1066  0.00 0.00 0.00 1083 1960 2009 /511  0.00 1.14 13.04 b378 151 6.98
14 0.00 14.28  0.00 0.00 4540 1930 309 2/50 14741 318 1.20  21/4 11948  0.00 7.37
28 0.00 1021 2557 0.00 2918 1441 251 19./8 8403  0.00 0.69 1530 6752 152 453
56 0.00 8.26 0.00 000 2/ 1217 1492 933 6435 0.00 0.63 1357 5559  0.00 3.25
MK2 84 0.00 7.04 0.00 0.00 4097 1618 2502 1298 9202  0.00 1.16 1618 6573  0.00 467
112 1592 345 1570 000 4648 16./9 2306 1352 15230 0.00 1.31 17471  66.81 0.00 6.35
147 1891 810 4222 000 3550 1846 2818 2455 11026  0.00 0.60 1998 7885 353 4.88
175 9.20 3.33 13.73  0.00 1413 820 11.78  29.85 4505  0.00 0.23 868 3296 122 2.00
203 0.00 3.81 0.00 0.00 5322 1031 1956 36./8 4762  0.00 0.40 1185 b4by 1.97 2.22
231 0.00 11.32  0.00 000 6484 3096 4824 4291 12664 0.00 119 3742 13239 398 6.86

0 9.86 1745 0.00 0.00 0.00 0.22 0.95 0.00 14895 66.05  0.00 1.87 0.00 0.00 8.13
7 0.00 1343 0.00 000 2115 1491 2643 8.6/ 21.10  0.00 1.22 1815 5.2/ 220 8.08
14 0.00 13.01 0.00 0.00 000 1570 2/53 2022 12196  0.00 1.07 1810  79.43 1.87 6.78
28 0.00 1261 3713 000 431/ 1v44 2843 21.22 9520  0.00 1.03 1876 7136  0.00 6.56
56 0.00 10.38  0.00 0.00 0.00 1944 3261 1441 11499  0.00 096 2084 8/38  0.00 5.09
MK3 84 0.00 8.33 0.00 0.00 3906 1839 2972 1669 &/61  2.37 1.00 1949 8448  0.00 479
112 1800 715 2848 369 5696 2001 3642 1322 8929  0.00 1.53 1879  89.80  0.00 5.57
147 2388 811 4544 000 4340 1790 31.21 2/63 11520  0.00 0.91 18/ 8Lsz  3.05 490
175 1250 462 2226 000 3802 1079 1686 4052 5967  0.00 0.38 1136 41.02  1.69 2.70
203 0.00 3.68 0.00 0.00 3476 1149 19.00 3248 3862  0.00 0.38 1251 5546 5.86 2.25
231 0.00 6.36 0.00 000 4236 19.00 2601 3266 8236  0.00 0.63 2065 10168 10.26  4.89

0 9.86 1745 0.00 0.00 0.00 0.22 0.95 0.00 14895 66.05  0.00 1.87 0.00 0.00 8.13
7 0.00 1343 0.00 000 2115 1491 2643 8.6/ 21.10  0.00 1.22 1815 5.2/ 220 8.08
14 0.00 6.22 0.00 0.00 2124 655 1001 646 4345 0.00 0.72 756 2983 0.00 3.23
28 0.00 9.82 3040 000 41.00 1538 2337 1542 /9.0  0.00 0.90 163/ 6336 140 5.04
56 0.00 9.21 0.00 000 384 1560 2548 1241 8354 098 0.91 1622 1.3/ 0.00 343
MK4 84 0.00 563 0.00 0.00 2129 1098 1556 11.28 5654  0.00 0.36 123/ 56.20  0.00 3.14
112 0.00 541 2412 097 2833 1536 2004 2319 /937 0.00 2.15 1807 822/  0.00 7.53
147 2368 858 46./0 000 4669 1963 2893 139/ 1088  0.00 069 2120 /292 106 497
175 1343 486 2053 000 2637 1249 1765 3283 6758  0.00 0.38 13655 4019 0.71 2.86
203 0.00 3.77 0.00 0.00  56.80 11.10 1872 3354 65678  0.00 0.46 1292 50.13 1.57 241
231 0.00 6.26 0.00 000 4198 2225 3514 41.69 9526  0.00 082 2391 8692 296 474
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Free amino acids (mg/100g)

Wignelirl - [DET7S Leu Tyr Phe B-Ala All)]; A AgA E(I)EN Hylys Om Lys IMehis His 3Mehis
0 6.31 0.00 0.72 0.00 1297 0.58 60.96 0.00 5.06 1.75 498 0.00 0.00

7 16./2 7.07 11.48 3.18 1.40 8.88 0.00 0.64 5.87 21.80 2.62 5.08 0.00

14 14.43 6.24 9.71 2.79 1.35 8.80 1.64 0.54 6.93 18.96 1.93 4.38 0.00

28 26.60 11.60 18.56 3.99 3.53 10.52 3.03 0.91 10.14 33.04 3.46 7.76 0.00

56 18.2¢ 7.82 11./5 2.86 1.58 6.66 1./8 0.52 22.68 22.26 2.06 497 0.00

MK1 84 29.95 11.31 19.48 4.20 1.95 9.67 2.0 0.00 RYRsYs 34.93 3.45 8.07 0.00
112 34.39 2.09 20.70 1.22 0.50 223 2.33 0.00 5.53 9.67 1.98 1.29 0.00

147 29.33 13.17 18.06 3.05 1.09 8.28 2.41 0.32 3347 34.32 2.06 7.24 0.00

175 18.13 852 8.40 1.68 0.92 11.05 1.50 0.00 23.50 20.82 1.74 5.28 0.00

203 17.31 8.37 11.05 1.58 0.96 5.34 1.81 0.00 21.68 19.60 1.44 471 0.00

231 36.16 18.25 24.36 2.41 0.09 76.73 2.89 0.00 44.17 41.85 3.82 12.27 0.00

0 6.31 0.00 0.72 0.00 12.97 0.58 60.96 0.00 5.06 1.75 4.98 0.00 0.00

7 16./2 7.07 11.48 3.18 1.40 8.88 0.00 0.64 5.87 21.80 2.62 5.08 0.00

14 29.05 11.55 18.48 441 1.89 14.85 3.24 0.62 32.86 33.94 5.03 8.83 0.00

28 21.25 7.39 13.59 3.48 1.33 7.28 211 0.00 25.20 25.56 2.92 5.99 0.00

56 20.49 7.31 13.21 3.38 1.44 7.23 1./5 0.46 20.88 23.61 1.78 4.90 0.00

MEK2 84 22.94 9.95 15.24 4,17 3.12 9.38 2.00 0.00 30.84 27.82 2.56 6.79 0.00
112 26.86 11.51 18.82 0.00 0.00 109.2¢ 2.85 0.00 32.48 30.31 3.52 8.80 0.00

147 29.50 7.50 18.55 1.66 0.16 11.7/0 2.35 0.00 19.46 33.27 2.30 7.43 0.00

175 13.54 5.38 8.51 1.38 0.71 477 1.23 0.00 14.15 14.69 1.04 3.20 0.00

203 16.80 4.37 11.10 0.92 0.09 12.92 1.53 0.00 7.48 18.30 1.84 4.80 0.00

231 51.04 20.48 33.48 3.41 0.17 23.30 411 0.00 H2.57¢ 56.91 4.03 15.34 0.00

0 6.31 0.00 0.72 0.00 12.97 0.58 60.96 0.00 5.06 1.75 498 0.00 0.00

7 22.02 9.41 14.64 2.85 0.13 11.33 0.00 0.77 8.61 27.74 3.52 7.05 0.00

14 23.25 9.45 15.12 3.90 1.34 10.23 2.43 0.62 17.83 28.44 3.52 7.06 0.00

28 25.48 10.55 16.78 4.07 1.71 9.11 2.89 0.61 21.62 31.69 3.56 7.40 0.00

56 29.83 2.77 2453 2.16 0.08 9.76 2.89 0.51 36.22 35.17 2.93 6.66 0.00

MK3 84 28.15 11.06 19.75 5.22 3.34 9.29 2.49 0.00 36.16 32.56 3.45 7.94 0.00
112 28.3¢ 13.36 20.43 0.00 1.83 7.90 3.80 0.79 5.37 34.30 4.37 9.70 0.00

147 2841 11.96 18.59 3.08 1.67 7.72 2.53 0.33 16.67 32.84 3.50 7.38 0.00

175 18.14 7.45 11.03 1.62 0.83 5.69 1.69 0.00 11.69 20.16 1.23 431 0.00

203 17.56 4.15 11.09 0.95 0.09 1740 1.85 0.00 14.21 19.85 1.72 4.94 0.00

231 3151 6.62 20.30 2.17 0.08 12.06 2.9¢ 0.00 14.35 33.83 3.01 857 0.00

0 6.31 0.00 0.72 0.00 12.97 0.58 60.96 0.00 5.06 1.75 498 0.00 0.00

7 22.02 9.41 14.64 2.85 0.13 11.33 0.00 0.77 8.61 27.74 3.52 7.05 0.00

14 10.59 431 6.75 2.27 1.18 5.42 1.10 0.47 5.24 13.00 1.20 2.82 0.00

28 23.33 9.64 14.66 3.83 1.35 9.35 2.38 0.41 25.93 28.58 2.68 6.46 0.00

56 23.23 891 15.84 4,01 1.65 7.75 2.04 0.42 3047 27.15 2.92 6.56 0.00

MK4 84 18.20 6.34 1177 3.52 2.19 6.98 1.45 0.00 1954 20.77 1.61 4.59 0.00
112 28.59 8.26 19.7/3 0.00 0.00 63.11 2.69 0.00 21.96 25.72 3.48 4.90 0.00

147 30.62 13.21 19.36 1.81 0.13 9.59 2.28 0.00 3574 35.84 2.51 8.28 0.00

175 20.10 853 12.23 1.12 0.10 6.70 1.86 0.00 23.25 23.43 1.60 5.37 0.00

203 17.59 8.26 11.59 1.04 0.11 6.07 1.48 0.00 20.37 19.90 1.59 4.88 0.00

231 36.03 16.26 22.81( 2.02 0.07 10.7/8 3.10 0.00 36.48 38.85 3.19 10.01 0.00

Name _of amino  aicds, -  P-Serio- PhoﬂoAserlEe o Tau:Taurine, PEA 0— Pho%)hoethanolamme Urea'Urea, ASIg - Aspartlc ;ﬁ T}B]ﬂu i

Asp-NH:» Asparagine Sar Sarcosme _a- mlnoadlplc cine, Ala'll Aanme CitL-Cr hlgle a-A A
Met:LL Met hionine, sthi'Li Stathlonme IleL Isoleucine, Leu: L- Leucme VI X/[osme henyaanme
Hylys'DL-plusallo-6-Hydroxylysine, L-Ornithine, Lys L Lysine, Mehis: - 1 ethylhlstldme His'L-Histidine, 3 eh1<

Arg'L-Arginine, Hypro’ Hydroxyprohne Pro proline.
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gto] & 1059 Aol A=H(E 9). 4] olFold 7FY 3L FnAHEES 5 Ax
9] T-g— 7o E HE EAEQ. HEVF AaE o] H2A 7 Holzdel| upet 4% 9] A
| ol A} TEAOE LR = 7] AE-L unknown 1, unknown @ 2
4-isothiocyanato—1-butene, bicyclo[2.2.1]heptane,2,2-dimethyl-3-methylene, butanoic acid,
methyl-2-propenyl disulfide® YWE 2™, E3] bhutanoic acidi= = w54 % Ef9 %

gy liel A = =dd. 1A %3712} ¢ 2 xxo] FAT AR AT

=
F7) il AFHol endl e 9T Uehiglon), 24 S40 APAEE ole] s1A)
8959 o)stel G Ee AFHL AAVY BEA debd. WR FE F MK 449
G719 Ro] 71 ol AEHNCH MK3E 714 A5l #7148e niaae.

Fermentation period (days)

Kimehi G 7 14923 56 84 112 147 175 203 2L
Unknown 1 + + + + + + + + + + n
Disulfide, di-2-propenyl + + + + + + + + + + v
Bicyclohexene, 4-methylene—1-(1-methylethyl) + + + - + + - + + n n
4-TIsothiocyanato—1-butene + + + + + + n ¥ ¥ ¥ N

MK Bicyclo[2.2.1]heptane,2,2-dimethyl-3-methylene + - + + + + + + - + +
Butanoic acid + + + + + + + + + + +
Methyl-2-propenyl disulfide + + + + + + n ¥ ¥ ¥ N
Unknown 2 + + + + + + + + + + n
Unknown 3 + + + + - + - + + + "
2.4-Bis(1,1-dimethylethyl)phenol + + - _ _ _ _ _ _ _ _
Unknown 1 + + + + + + + + + + n
Disulfide, di-2-propenyl + + + + + + + + + + v
Bicyclohexene, 4-methylene—1-(1-methylethyl) + + + - + + - n n - _
4-Isothiocyanato—1-butene + + + + + + n " " + N
Bicyclo[2.2.1]heptane,2,2-dimethyl-3-methylene + - + + + + + + + + +

MEK2 . .

Butanoic acid + + + + + + + + + + +
Methyl-2-propenyl disulfide + + + + + + + + + + +
Unknown 2 + + + + + + + + + + n
Unknown 3 + + + + - - - _ _ _ _
2.4-Bis(1,1-dimethylethyl)phenol + + - _ _ _ _ _ _ _ _
Unknown 1 + - + + + + + + + + +
Disulfide, di-2-propenyl + + + + + + + + + - -
Bicyclohexene, 4-methylene—1-(1-methylethyl) + + + - + + + n n - _
4-TIsothiocyanato—1-butene + + + + + + n ¥ ¥ ¥ N
Bicyclo[2.2.1]heptane,2,2-dimethyl-3-methylene + - + + + + + + + + +
MK3 . .
Butanoic acid + + + + + + + + + + +
Methyl-2-propenyl disulfide + + + + + + n " + + N
Unknown 2 + + + + + + + + + + n
Unknown 3 + + + + - + + n " - -
2,4-Bis(1,1-dimethylethyl)phenol + - + _ _ _ _ _ _ _ _
Unknown 1 + - + + + + + + + + +
Disulfide, di-2-propenyl + + + + + + + + + + v
Bicyclohexene, 4-methylene—1-(1-methylethyl) + + + + + + + n ¥ - _
4-TIsothiocyanato—1-butene + + + + + + n ¥ ¥ ¥ N

MEKA Bicyclo[2.2.1]heptane,2,2-dimethyl-3-methylene + - + + + + + + + + +
Butanoic acid + + + + + + + + + + +
Methyl-2-propenyl disulfide + + + + + + n " + + N
Unknown 2 + + + + + + + + + + n
Unknown 3 + + + + - + + n " - -
2.4-Bis(1,1-dimethylethyl)phenol + - - _ _ _ _ _ _ _ _

+; detected, —; not detected.
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2 HU#rE Jehilen o] & A% gadte] wE 231Y9] 742 log CFU/mLE U
b, MK32 %7] 591 log CFU/mLel A &g 569 9.1 log CFU/mLE H#FE e
Welew o] & AAd] 7Aadle] wE 231¢el 7.85 log CFU/mMLE YEE. MK4E %7
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CFU/mLzZ Huw+E YHepfisle® o & AA3 zaste] o&E 2319 691 log
CFU/mLE uEeld. MK4:E %7] 551 log CFU/mLolA @& 28Yel 943 log CFU/mLE
Hul & Rl o o] & A A fgadte] wE 231U 6.13 log CFU/mLE e,

FARSE A% F2el B @ Wb Frsktl ol F gashs: Ao yoju
SHLEI BeF® o Wl Aol Reeky 1 o) @a graste] W 1129 ofF
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(th) 2%
AT Hex e #UFe 276~84.8 ng/mLe WAZ ¢ A el 5239 %
A7 7kl whE g e YERRA] &
= &4
g Bexe] AnE HA 64650 g/em’et ) 106474 g/em™e] W= ThFsA VERE.
Hu sV 7ol daEgle] T AEE Yehdo] ToX 9] FAlE 2 nAE wFol wel &
S 9] ofakd AETL delR|E Aoz A7be,
Z 10. AT H52A49 o354 54 2 54
.. - . . Reducing sugar Hardness
Mukeunji pH Acidity (%) Salinity (%) (ug/mL) (g/cm?)
M1 4.06 1.26 1.37 574 10302.0
M2 3.96 1.34 1.24 63.3 8933.6
M3 414 1.03 1.03 75.1 10647 .4
M4 407 1.14 1.14 334 10153.4
M5 434 1.02 1.06 66.2 8510.4
M6 413 1.37 1.36 42.6 9692.0
M7 3.96 1.53 1.69 45.2 7067.2
M8 429 1.05 1.70 46.3 7868.6
M9 427 0.99 1.36 73.1 7497.0
M10 420 1.16 1.25 59.8 6465.0
Ml11 424 097 1.09 68.2 6952.6
M12 412 1.07 1.05 61.6 9309.6
M13 424 0.75 1.28 27.6 8849.4
Ml14 428 1.09 1.32 72.0 8219.8
M15 423 1.04 1.44 43.9 7693.2
M16 429 1.03 1.31 7.5 10604.2
M17 404 1.24 1.29 7.4 8984.8
M18 359 1.95 1.16 31.3 7976.8
M19 4.06 1.15 1.24 444 8890.0
M20 441 0.74 1.09 43.3 8037.2
M21 4.00 1.39 1.09 84.8 10297.2
M22 418 1.00 0.91 53.0 7707.8
(b PAA=SHE EA
Az 2o Ag A7 402 duk AAd H|5lo] thA e i FE YER o F
10°~10" CFU/mL ¥ 9=, %/f_ﬁz’:% 10°~10° CFU/m W= veEbE(E 11). &
L} ok

4 713ko] 24 OVC}OJ &9 A$10'~10° CFU/mLA e 5]
e vt 558 &S UEE Aol SNl E VAo R FxsE ER9 AFY Ao
g} AAE. 524 T FAEIANA Axd MIs M2 AR A7t b AmEd 1
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Sensory test

Mukeunji Savory Fresh OFF- Overall
Saltness  Sourness  Sweetness taste flavor flavor  acceptability
M1 3.10 2.95 271 2.76 2.48 276 2.86
M2 276 276 224 2.43 271 2.48 2.38
M3 2.90 2.62 2.90 2.95 2.76 3.19 3.19
M4 2.90 2.90 2.38 2.76 2.52 2.81 2.95
Mb 2.81 2.29 224 2.14 2.67 257 2.48
M6 275 2.62 2.10 2.19 2.24 2.29 2.05
M7 3.00 3.38 2.05 2.29 2.33 2.48 257
M8 2.62 252 1.76 1.86 2.19 1.95 162
M9 2.86 2.38 2.05 1.80 2.25 2.14 1.71
M10 2.90 243 2.62 2.24 2.57 3.05 2.33
Mi11 3.00 2.90 276 2.76 2.67 3.38 3.24
MI12 3.00 3.00 3.10 2.76 2.81 2.86 2.86
M13 2.38 2.67 2.19 1.90 271 276 1.95
M14 2.81 2.38 2.05 2.00 2.24 2.33 2.05
M15 1.90 2.19 2.00 1.48 2.10 2.05 1.60
M16 3.14 3.00 3.19 3.33 3.24 3.24 352
M17 3.05 3.24 2.67 3.29 3.00 3.10 3.05
MI18 2.67 2.48 1.86 1.86 2.90 276 1.95
M19 257 2.86 2.67 2.81 2.86 3.00 2.95
M20 3.00 255 270 2.45 2.89 270 2.65
M21 3.05 3.00 2.81 2.95 2.81 2.95 2.95
M22 279 2.65 2.30 2.25 275 255 2.50

Values are means from 20 determinations. Score 5 is extremely good.
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¥ 13 %2 fate] gustd 54
Strains S{;Irlll Morphology Colony SCU(;_IFaIé% C:(}i)oriy ()Cg);ging’ Strains (S;'{;III: Morphology
M3-1 + rod circular ~ smooth milk opaque | MI12-2 + rod
M3-2 + rod circular ~ smooth milk opaque | MI12-3 + rod
M3-3 + rod circular ~ smooth white opaque | M12-4 + rod
M4-1 + rod circular ~ smooth white opaque | MI13-1 + rod
Mb5-1 + rod circular ~ smooth white opaque | M13-2 + rod
Mb5-2 + rod circular ~ smooth white opaque | M13-3 + rod
Mb5-3 + rod circular ~ smooth white opaque | M13-4 + rod
M6-1 + rod circular ~ smooth white opaque | Ml4-1 + rod
M6-2 + rod circular ~ smooth vory opaque | M14-2 + rod
M6-3 + rod circular ~ smooth white opaque | Ml1b-1 + rod
M7-1 + rod circular ~ smooth milk opaque | MI15-2 + rod
M7-2 + rod circular ~ smooth white opaque | MI15-3 + rod
Mg-1 + rod circular ~ smooth white opaque | Ml16-1 + rod
MB-2 + rod circular ~ smooth white opaque | MI16-2 + rod
M9-1 + rod circular ~ smooth milk opaque | M17-2 + rod
M9-2 + rod circular ~ smooth milk opaque | MI19-1 + rod
M9-3 + rod circular ~ smooth milk opaque | M19-2 + rod
M10-1 + rod circular ~ smooth white opaque | M20-1 + rod
M10-2 + rod circular ~ smooth milk opaque | M20-2 + rod
Ml11-1 + rod circular ~ smooth milk opaque | M21-1 + rod
M11-2 + rod circular ~ smooth milk opaque | M22-1 + rod
M11-3 + rod circular ~ smooth milk opaque | M22-2 + rod
M12-1 + rod circular ~ smooth milk opaque
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Strains Morphology Colony sCu(i'l;);ga C:()l;)or;y (?I:);zirgr
MI1DP ellipse circular smooth vory opaque
M2LP ellipse circular smooth vory opaque
Ma3P ellipse circular smooth vory opaque
M3W ellipse circular smooth vory opaque
MA4LP ellipse circular smooth vory opaque
M4R ellipse circular smooth vory opaque
M6LP ellipse circular smooth vory opaque
M7DPW ellipse circular smooth vory opaque
MSDPW round circular smooth vory opaque
MoP ellipse circular smooth vory opaque
MIOR ellipse circular smooth vory opaque
MI10OW ellipse circular smooth vory opaque
M11DPL ellipse circular smooth vory opaque
MI11DPS ellipse circular smooth vory opaque
MI11IW ellipse circular smooth vory opaque
MI12DPW ellipse circular smooth vory opaque
MI13LP ellipse circular smooth vory opaque
MI13W ellipse circular smooth vory opaque
MI14R ellipse circular smooth vory opaque
M14DPW round circular smooth vory opaque
MI15R ellipse circular smooth vory opaque
MI15W ellipse circular smooth vory opaque
MI16PL round circular smooth vory opaque
MI16PS ellipse circular smooth vory opaque
M17DPL round circular smooth vory opaque
MI17DPS ellipse circular smooth vory opaque
MI17TW ellipse circular smooth vory opaque
MI18P ellipse circular smooth vory opaque
MISLP ellipse circular smooth vory opaque
MI19W ellipse circular smooth vory opaque
M20DP ellipse circular smooth vory opaque
M21DPW ellipse circular smooth vory opaque
M22W ellipse circular smooth vory opaque
M22P ellipse circular smooth 1vory opaque
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Metabolism

Sugar
M3-1 M4-1 M5-1 Me6-1 M7-1 M8-1 M9-1 MI10-1 MIl1l1-1 Mi12-1 Mi13-1

Control - - - - _ — _ _ _ _ —
Glycerol - - - - - - - _ _ _ _
Erythritol - - - - - - _ _ _ _ _
D-Arabinose - - -
L-Arabinose - -
Ribose + +
D-Xylose - - - - - - - _ _ _ _
L-Xylose - - - - - - - _ _ _ _
Adonitol - - - - + - - - _ _ _
B-Methyl-xyloside - - - - - - - _ _ _ _
Galactose +
D-Glucose +
D-Fructose +
D-Mannose ?
L-Sorbose - - - - - - - _ _ _ _
Rhamnose - - - + - - - _ _ _ _
Dulcitol - - - - - - _ _ _ _ _
Inositol - - - - - - _ _ _ _ _
Manitol - - - + + + + + - _
Sorbitol - - - + + + - _ _ _
a-Methyl-D-mannoside - - - - - - - - - _ _
a-Methyl-D-Glucoside - - - - - - - - - _ _
N-Acetyl glucosamine + + + +
Amygdaline - - -
Arbutin - -
Esculine - -
Salicine - -
Cellobiose - -
Maltose + +
Lactose = -
Melibiose - -
Sucrose - +
Trehalose - -
Inuline - -
Melezitose - - -
Rafinose - - -
Startch - - -
Glycogen - - -
Xylitol - - -
B-Gentiobiose - - + + + - - - + _ _
D-Turanose - - - + + + . - _ _ _
D-Lyxose - - - - - - - _ _ _ _
D-Tagatose - - - + + + + - _ _ _
D-Fucose - - - - - . - _ _ _ _
L-Fucose - - - - - . - _ _ _ _
D-Arabitol - - - - - - - _ _ _ _
L-Arabitol - - - - - + ? - - - _
Gluconate - - + + + + - - + _ _
2-Keto—Gluconate - - - - - - - - - _ _
5-Keto-Gluconate - - - - - - - - - _ _

|
|
+
|
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+ 0+
+ o+ 4+ 4+ 0+
+ o+ o+ o+ o+
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+ I

+ o+ o+

I I
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I
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Metabolism

Sugar

M14-1 Mi15-1 MI16-1 MI17-2 M19-1 M19-2 M20-1 M20-2 M21-1 M22-1
Control - - - - - - - - - -
Glycerol - - - - - - - - - -
Erythritol - - - - - - - - - -
D-Arabinose -
L-Arabinose
Ribose
D—Xylose -
L-Xylose -
Adonitol - -
B-Methyl-xyloside - -
Galactose
D-Glucose
D-Fructose
D-Mannose
L-Sorbose - -
Rhamnose - - + - - - - - -
Dulcitol - - - - - - - - - -
Inositol - - - - - - - - -
Manitol + + + -
Sarbitol
a—Methyl-D-mannoside -
a—Methyl-D-Glucoside -
N-Acetyl glucosamine
Amygdaline
Arbutin
Esculine
Salicine
Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Trehalose
Inuline
Melezitose - - -
Rafinose - - +
Startch - - -
Glycogen - - - - - - - - - -
Xylitol - - - - - - - - - -
B-Gentiobiose + - + + + + - -
D-Turanose - - - + + + - -
D-Lyxose - - - - - - - - - -
D-Tagatose - - - - - - - + + +
D-Fucose - - - - - - - - - -
L-Fucose - - - - - - - - - -
D-Arabitol - - - - - - - - - -
L-Arabitol - -
Gluconate + +
2-Keto—Gluconate - -
5-Keto—Gluconate = +

+ o+ o+
+ o+ o+
+ o+ o+
+ o+ o+
o o+ 4+
+
+
+
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|
|
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F %o 3 RE F wEA B $5% LA $9L e
g geed B4 2 gser S4o] ThE AN 9F3 ER 652 Huste] B4R
st FAE Al E. Ak A AY M3-1, M4-1, M16-1, M17-29] 4F&  Lactobacillus

o
o

curvatus®  FAE L, M5-1, M6-1, MI11-19 3&F2 Lactobacillus sakei, M7-1<

Lactobacillus paracasei  subsp. paracasei® &3 ow, MI13-12  Lactobacillus

coryniformis 2 FARAHN(F 16). 729 A$¢ MIOR 12% Kazachstania barnettii=Z 54

Helon UWA 58 Saccharomyces servazziiz EAE S (E 16).

¥ 16, B 2 mrel A714d B4 Ay

Strains Sequencing (bp) Identities

M3-1 16S rRNA(1506)  Lactobacillus curvatus strain CTSPL4  99%

M4-1 16S rRNA(1491)  Lactobacillus curvatus strain CTSPL4  99%

Mb-1 16S rRNA(1534)  Lactobacillus sakei strain NRIC0128 99%

M6-1 16S rRNA(1499)  Lactobacillus sakei strain NRIC0128 99%

LAB M7-1 16S rRNA(1502) Lactobacillus paracasei subsp. paracasei 99%

M11-1 16S rRNA(1499)  Lactobacillus sakei strain NRIC0128 99%

M13-1 16S rRNA(1516) Lactobacillus coryniformis sub. torguens strain 30 99%
M16-1 16S rRNA(1451

Lactobacillus curvatus ssp curvatus 92.7%
M17-2 16S rRNA(1592)  Lactobacillus curvatus strain CTSPL4  99%
MI1DP 18S rRNA1209) Saccharomyces servazzii  99%
M2LP 18S tRNA(703)  Saccharomyces servazzii  99%
M4LP 18S rRNA1507) Saccharomyces servazzii  99%

)
)
)
)
)
)
)
)
)
)

Yeast ..
M7DPW 18S tRNA(779)  Saccharomyces servazzii  99%
MIOR 185 rRNA1102) Kazachstania barnettii 99%
MIIW 18S tRNA(723)  Saccharomyces servazzii  99%
g melwE 4L TF oA Fio HA
SoA2EY £23 BE vAE T 5SA Az o&d ¥ Fe JNEstr] 95k
wo wE AYe ABF 1 2o WEE fAHEY BRE A/ A7) 9] BARAE
Algste] H2AmAe] Fuzt e BE v AAES 1RHoR AWek 23 2o WEE ]
A2 A BE vAES FJUbe AX e 2E 54 4 9 #e JUHE A gste] 540
Fret #FE HE H2A FHoE AT

Pa A =TT =N )

2 2
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#®18. 2E HF AAY 7] vA
Strains Description
Sqm  ESRA AT 9 WA, B3, A gexe) 4
o 1 -
Z3 FARg
MIDP =17 S2A ek -9 FrARSH2), SEEA3), 2Rt olF 7 et
i Z o A
Hd A = DA GG, 2=AFHE), FHAFHE, HIEF
A e WA, 559 g0, 5849 3]
744
M2LP wfg- wE U AR, AEEA 42 52 WA, UF dsd
2R A, A8 AF AFHA L A, AFH @A), 25
of =AA= et o] AATEE HA(Q2)
SAA meA Wl ek v chere uA, el A
04 AT Q)
M4LP o=y AAY, JeEsht Pt 2THY, TUA, 4
wAH g P, /1F BeAs e AFW 7], A2 At
1}
fs
g ABE B PR, geewd, AFHI £ W2
TUT Ee gex WNE
FA_ Ao PAY/ o go| xg PEY
YA o)A@, AW, Fol o
g EEAR, AR ZeARl, %o w707 vud 17t
O o1 [e) = o]
MIOR U v A2
=714
- 1
Hd A Fad @A, oFst AA A, o]
oA el e Ay
wiw  ELA F0A% S Sed
wma AEFS FUQ, G MAUEG), A AWA, oA, UF 3
e Shal =3k A A WA (2)

(2) 2z xo] Wa A
5o wE F AA4e 3te] 14 2o wEE T3 AA"E A 43 (ML7, ML,
MLI13, ML17)¥ E& 1&EMY7NS AAol @5 = 31 Fe2 Hriste] 2xF 2o B8 E
Ay TFE ") E F outg 3097hA 0ColA 22 4
=S S|

=
F B4, §714, fd obulwat,

9%9] = wrE 7A9 pHE 12 ©¢E00TC, 79) % pH 4.0~4.29 W= d%7]9 pH
E vERY, AR A OB 1.0 oo m wEv JEE wE AgHi S A
T U5 ol F 0T A Foll= gvrdt w3t RS YEFEGE 19~20).
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¥ 19. 2o ¥3x AXA 9 pH W3}

Fermentation time (days)

pH 0 2 4 7 10 20 30
Fermentation at 10T Storage at 0T
ML7 5.894 5.808 4581 4.082 4014 4121 3.905
MIL11 6.023 6.075 4.599 419 4111 4073 4.058
ML13 6.051 6.154 4.687 4.138 4.143 4077 4.026
ML17 6.033 6.085 4.668 4.183 4.117 4.133 4.079
MY7 6.046 5.753 4.599 4.208 4.155 4.143 4.109
ML7+MY7 5.938 5.748 4.464 4.127 4.06 4.001 3.937
MLI1+MY7 5.998 6.008 47726 4216 422 4223 4147
ML13+MY7 6.188 5.922 4561 4.179 4.129 4.128 4.000
MLI17+MY7 5.985 5.876 459 4.249 4172 4.178 4.128
3# 20, 2o wE A9 JAx Wzt
Fermentation time (days)
Acidity (%) 0 2 4 7 10 20 30
Fermentation at 10T Storage at 0T
ML7 0.306 0.306 0.586 0.928 1.036 1.144 1.288
ML11 0.288 0.284 0.640 1.036 1.054 1171 1.144
ML13 0.279 0.261 0.649 1.144 1.234 1.207 1.405
ML17 0.270 0.279 0.766 1.036 1.144 1171 1.144
MY7 0.270 0.342 0.712 1.113 1.009 1.009 1.063
ML7+MY7 0.288 0.360 0.964 1.216 1.243 1.239 1.248
ML11+MY7 0.297 0.279 0.766 1.225 1.207 1.207 1.203
ML13+MY7 0.248 0.293 0.784 1.023 1.072 1.117 1.144
MLI17+MY7 0.288 0.297 0.838 1.081 1.234 1.216 1.117
(th) vA=3t4 54
A EE 71 e o] IR AR fAtyt ® AR WEE FATGE 21~22).

12 HE A% fakwaes 10°-10" CFU/mLW}X] 2—7}3}@ HAFe Jehugon, o

bt Arkd A9 $Yd FFS e,

2o Wse faku AvbE AR elA = 371 °F 10° CFU/mLol A Al #tshe] 237}



AePgo] wep G FES } l
10°~10° CFU/mL®] E24E U &% w=E fidd EE 7} f‘%vﬂ A7t€ 4
aRsrt A7k wme oste] Axzgd 10°~10° CFU/mLelA A%ste] 13 wa A%
A g10"~10° CFU/mL yen, o]F ghutslA zadlel Wi 30l 10°~10
CFU/mLE e,

Jo
<
o

E 21 FA BE FL2AY ikt AA A vzt
LAB viable - - I;‘lermentatlo';l time (dayls(; = =

cell(CFU/mL) Fermentation at 10T Storage at 0C

ML7 234x10°  229x10°  1.21x10°  2.85x10° 171x10°  1.56x10°  59x10°
ML11 70x10"  147x10°  1.14x10°  6.08x10° 26x10°  66x10°  156x10°
ML13 1.82x10"  229x10"  1.23x10°  1.87x10"  171x10°  89x10°  3.6x10°
ML17 55x10°  2.83x10°  1.67x10°  3.04x10° 16x10°  92x10°  1.48x10°
MY7 3.0x10"  1.95x10°  273x10°  45x10° 74x10°  50x10°  37x10°
ML7+MY7 99x10"  151x10°  1.43x10°  95x10° 3.15x10°  2.34x10°  1.81x10°
ML11+MY7 1L0x10"  95x10°  L05x10°  86x10° 152x10°  1.07x10°  3.02x10°
ML13+MY7 77x10°  159x107  3.12x10°  4.6x10° 173x10°  1.36x10°  3.2x10°
ML17+MY7 31x10°  33x10°  246x10°  3.9x10° 1.82x10°  157x10°  1.79x10°

X2 H4 25 529 3ol PAE Wzt

Fermentation time (days)

Yeast viable

0 2 4 7 10 20 30
cell(CFU/mL) Fermentation at 10T Storage at 0C
ML7 6.3x10°  4.3x10°  17x10°  2.0x10 35x10°  80x10°  8.0x10°
ML11 82x10°  87x10*  6.0x10°  87x10 46x10"  236x10"  1.22x10°
ML13 34x10°  1.89x10°  1.1x10°  7.7x10° 2.81x10"  71x10"  36x10°
ML17 74x10°  58x10*  6.0x10°  4.0x10 52x10°  37x10"  2.74x10°
MY7 1.94x10°  1.72x107  9.1x10"  1.07x10° 3.1x10"  45x10"  1.16x10°
ML7+MY7 1.42x10°  7.2x10°  1.03x10°  1.46x10° 59x107  32x107  4.6x10°
ML11+MY7 1.03x10°  3.9x10°  3.8x10"  6.9x10° 6.0x10°  54x10"  1.72x10"
ML13+MY7 53x10°  83x10°  7.4x10"  2.39x10° 6.1x10°  55x10"7  1.3x10°
ML17+MY7 119x10°  47x10°  76x10"  1.48x10° 97x10"  7.3x10"  1.88x10°
(th &4 =4

H=el A AAE MLI1 faketo]  H7kd AA(MLI,

= 9 FA=vh g ove A
MLII+MY7)9 o™, ML73% ML17¢9 2keto] Hrkd  #AA(ML7, ML17, ML7+MY7,
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MLI7+MY7)& W4 & A& 2 ZFEE ved. ogst e fAbee &5l wE
714 R diAME A A T]QlskeE Ao E AAEY, RV HkE AACAN Ax AR
7b 5 AaEA G MYT RR7F ARddE dodle At AR FH7) ofd e
& F de
¥ 23 29 2E A9 EA
Kimchi Strength (g/cr) Hardness (g/cif)
ML7 6843.333+1352.196 8353.333+1305.425
ML11 4323.333+1046.438 5456.667+1053.107
ML13 4486.667+675.747 5950.000+1033.199
ML17 6455.000+219.203 7835.000+162.635
MY7 4540.000+1307.784 5966.667+1183.272
ML7+MY7 5003.333+360.046 6306.667+740.968
MLI11+MY7 4230.000+1217.415 5606.667+1496.741
ML13+MY'7 4566.667+350.048 H8K3.333+336.502
ML17+MY'7 5016.667+425.480 6566.667+1266.386
(ZH 7714 g
F712F 49 Ay we] WE AR £ 774 lactic acid®} acetic acide]™, H7FH
Wby ol whEl citric acid®}t succinic acid?] A AF-7F Y E2A YEPS(E 24). Malic
acid®] 3¢ AR A HEF A &% O W lactic acidi= ML13 AA[o|A] 717 e stk

oo, AAo #ASES  FoJdF=  succinic acidE® ML13, ML17, ML11+MY7,
ML17+MY7 #AA oA HEHAS. B AA= 543 A8EE AMESe] AxHdonz

=
B
=

12 W B

4
greko] aJoli= 7 Holol whet @epxl Aow Az

=

.

¥ 24 mo WE AAY FAN FF

Organic acids (mg%)

Kimchi
Malic acid Lactic acid Acetic acid Citric acid Succinic acid
ML7 0.00 8657.29 445.49 62.93 0.00
ML11 0.00 1012.55 427.74 101.30 0.00
ML13 0.00 2592.52 561.46 121.29 197.40
ML17 0.00 1993.75 464.87 128.50 413.65
MY7 0.00 1167.34 492.44 0.00 0.00
ML7+MY7 0.00 2093.85 393.42 0.00 0.00
ML11+MY7 0.00 860.60 595.88 126.30 279.89
ML13+MY7 0.00 784.01 460.11 0.00 0.00
ML17+MY7 0.00 832.44 498.58 0.00 116.21
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) 8 obm At g
ol wE AAe F2 f77 ofv]xAb2 alanine¥ asparagine®| ™ glutamic acid, valine,
proline, lysine &°] W4 %2 TS UEPWE(E 25). &8 Ev f4k Z7ted 98k f-g
ofm|:ite] e WEE FEld A¢AdS UERA & i obneAibe Fiel wet 7
ek, @l 28k 5 theksk wro] #ojstnz A9 Fipel whE thgdt f-g ofn|x=4ke
Tt g wet AAe Fed EA A A s wEs Aoz FAHE.
X325 2o 23 AAY {3 obv =it FEF
) ) Kimchi
I EoRe G ML7+ ML11 ML13 MLI17
(mg/100g) ML7 MLII ML13 ML17 My7 RO MeL o Mds o Mt
Taurine 8.13 7.90 7.60 6.06 7.49 6.67 7.98 5.01 781
Urea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aspartic acid 12.15 8.89 10.29 47 3.27 430 16.12 185 479
Threonine 1656 1877 1756 1322 1671 1352 1983  13.00 2245
Serine 2143 2393 2305 1712 2132 1835 2729 1674  30.25
Glutamic acid 35.28 3957 4852 3642 3200 2897 2914 2962  33.80
Asparagine 5490 6145 6697 4601 6808 5436 7681 4965  8L13
Sarcosine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a-Amino adipic acid 098 116 1.38 0.89 101 0.59 179 051 111
Glycine 1579 1659 1747 1284 1941 1590 2127 1345 2324
Alanine 9057 10636 11073 8028 11315 93.00 11037 35778 12575
Citrulline 3.03 2.69 2.39 1.26 1.94 3.05 112 2.43 4.05
%;?;;‘ilé“’a‘cfi‘& 352 359 361 266 342 3.02 321 2.16 359
Valine 2816 3046 3281 2250 2829 2392 3240 2031 3457
Cystine 3.40 3.59 453 261 2.95 2.42 2.93 1.84 442
Methionine 7.12 6.86 873 5.54 747 5.88 8.42 5.07 10.90
Cystathionine 055 0.65 6.04 0.46 0.72 052 0.48 0.35 107
Isoleucine 1673 1794 1869 1295 1515 1306 1766 1063  19.26
Leucine 2420 2494 2587 1804 2159  17.84 2600 1626 2895
Tyrosine 752 6,51 772 483 5.09 5.27 7.86 407 5.54
Phenylalanine 1648 1710 1736 1236 1584 1421 1867 1102 1897
B-Alanine 3.35 250 2.92 2.25 3.02 2.37 4.09 125 2.20
isogl;é,‘rli‘éngcid 052 027 0.30 021 0.39 028 0.84 022 051
E‘,;?é?é?;éia 833 831 8.10 6.13 9.14 701 10.68 6.05 9.37
Tryptophan 2.40 2.65 257 1.84 2.63 2.06 3.04 1.88 311
Hydroxylysine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ornithine 1762 1921 2125 8.90 8.03 9.23 25.60 478 5.05
Lysine 2678 2816 2001 2052 2633 2074 3234 1882 3306
1-Methylhistidine 273 3.24 3.35 2.12 2.93 2.60 372 2.05 3.74
Histidine 754 7.95 857 5.52 6.14 6.15 9.42 454 8.16
3-Methylhistidine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Anserine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carnosine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.39
Arginine 3.42 139 0.96 0.79 0.63 275 0.26 0.63 0.39
HydroProline 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Proline 2270 1809 4664 2891 2988 2443 3648 2524 20.03
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8 Aio] EAHAS(E 27). A
nitrogen compounds, terpenoides 2}
Ui Zol7k Qo AP oA sulfides”t 7HE Bol AEYAS. o1& sulfides= alkyl,
allyl, alkyl allyl sulfide7} thy-£ollen olE EAESL w5 H3 sulfoxides,
thioglucosides, sulfur-containing amino acid®} sulfonium compound 59 ATEZAZEH
wed Aoer HY e dAA AP " txTolA 3FY 2 terpenoidesE A

(alpha-pinene, camphene, beta—phellandrene)?] HAEHAL. HEH &7 AHE F

H 7| EL alcohols, aldehydes, acids, sulfides,
=

of AEHNE. ¥ HE A AT Fidl=

acetaldehyde, 3-methyl-2-butanol, heptanal, 3-methoxy—1,2-propanediol,
benzeneacetaldehyde, allyl methyl trisulfide, ethyl acetate:= -4k H7F A AoAw A=
Homw MY7 &5 @x5o0=2 H7F3 Ao methylthio methane, 1-pentanole] 7%
H. Sulfides® % % 4-isothiocyanato-1-butene?] 74-¢ w59l F¥ A E o w A FH

of #olsh= Bd =AM 19 A4 F2X AT A=A+
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¥ 2. wo WE AA) HWA BV AP FR
Mukeunji
No. Compounds (group) T2 3 456 7 8 910
1 | Ethanol (alcohols) o|lo|lo|lo|lo] o]0 0| 0] O
2 | Dimethyl sulfide (sulfides) olo| ol o 0 0
3 | Acetaldehyde (aldehydes) olo| ol o
4 | Acetic acid (acids) olo|lo|lolo|lo|o|lo|olo
5 | 3-Methyl butanal (aldehydes) ojlojlo|o|lolo]o|lo|lo]|oO
6 |2 élll\l/ifelt}g}e%ﬁgf R o ides) © © °o|o|0
7 | 3-Methyl-2-butanol (alcohols) 0
8 | Heptanal (aldehydes) 0
9 | Dimethyl disulfide (sulfides) olololo|lolololo|lolo
10 | 2,3-Butanediol (alcohols) ololo|lo|lo]lolo0olo]oloO
11 | 3-Methoxy—1,2—propanediol (alcohols) 0 0
12 | o e o) ojojofojlojolololo0
13 | Alpha—pinene (terpenoides) ololo|lo|lo]lolo0olo]oloO

O
(@]
(@]
O
(@]
(@]
O
(@]
(@]
O

14 Camphene = 2 2-dimethyl-3-methylene-bicyclo
2.2.1 heptane (terpenoides)

15 | Dimethyl trisulfide (sulfides) olo| o] o] o 0 ol o
16 | Beta-phellandrene(sabinene) (terpenoides) olojlo|lo|lo|lololo|l ol o
17 | Benzeneacetaldehyde (aldehydes) 0

18 | Diallyl disulphide (sulfides) olololo|lololo|lolo

19 | Allyl methyl trisulfide (sulfides) olo| ol o

20 | 1-(Methylthio)-1-propene (sulfides) 0 0

21 | Ethyl acetate (acids) 0 0

22 | 1,3-Butanediol (alcohols) 0 ol ol o] o] o0
23 | 3-Methyl-1-hutanol (alcohols) 0 0 0| o

24 | 4-Methyl-4-heptanol (alcohols) 0

25 | Methylthio methane (sulfides) 0

26 | 1-Pentanol (alchols) 0 0

27 | 3-Methyl-2-pentanol (alcohols) 0

28 | Allyl sulfide (sulfides) 0
29 | Pentanedinitrile (nitrogen compounds) o)
30 | 4-Isothiocyanato—1-butene (sulfides) 0

1, ML7; 2; ML11; 3, ML13; 4, ML17; 5, MY7; 6, ML7+MY7; 7, ML11+MY7; 8, ML13+MY7; 9, ML17+MY7, 10, 1
yvear fermented mukeunji.

27 WA 3] AR setA B

Compounds Kimchi
group ML7 MLl ML13 ML1i7 My7 MR MUe MLISt MLITY Control

Alchols 4 2 5 3 3 4 4 5 4 3
Acids 1 2 1 2 1 1 1 1 1 1
Aldehydes 4 2 2 2 1 1 1 1 1 1
Sulfides 7 7 6 7 6 3 5 4 5 7
Terpenoides 3 3 3 3 3 3 3 3 3 3
Nitrogen 1
compound

Total 19 16 17 17 14 12 14 14 14 16
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(Ab) 57}

2ol wrE 30¢ F AXA 9 #sHIME AgsdoH 1d 4 HEAE xR ARES
(F 28). AA 7zx+= 1d $4 2% > MLI7+MY7 > ML7 > ML11 > ML13 > ML17
> ML7+MY7 > MY7-ML11+MY7 > MLI3+MY7 <ol9e. 1d S Zox ¢
MLI7+MY7+ A8 ¥]$=3 gro2 %8 7|3 55 YEd MLI7T+MY7S A93 227 A
7t T wF AP oA YWY R R dAvF o Y| sl ks

AAY (7], )& ML7+MY7 > MLI7+MY7 > ML7 > MY7 > 1d $4 584
> ML11 > MLI13 > ML17 > ML11+MY7 > MLI13+MY7 <o & U e,

Fule] AEE MLI7T+MY7 > 19 4 522 > MLI1L > ML7 > MY7 > MLI7 >
ML7+MY7 > MLI13 > MLI11+MY7 > MLI3+MY7 o & yvehyton 4k &g Aok
Hop g Byt g &3 o F AP oA AR 3e VEEE UEY

A B2 8ke MLI7T+MY7 > 1d 4 522 > MY7 > MLI3+MY7 > MLI3 >

ML17 > ML7+MY7 > ML11 > ML7 > MLI1I+MY7 <22 Jetyron @40 Anide
A=

Agkel] gk 7|32 19 A4 582 > MLI7+MY7 > ML7 > ML17 > MLI11 > MY7
> MLI13 > ML7+MY7 > ML11+MY7 > MLI3+MY7 902 e

gavE 1d 44 5% > ML17+MY7 > ML13 > MLI11 > MLI7 > MLI13+MY7 >
ML7 > MLI11+MY7 > ML7+MY7 > MY7 o2 vebgy, 27 & X A8 oA
o %8 VZEE e,

ARk MLI7T+MY7 > 19 4 522 > ML7 > MLI11 > ML1I+MY7 > MY7 >
ML7+MY7 > MLI13 > ML17 > MLI3+MY7 <02 el

ob2}dlt AmiE MLI7T+MY7 > ML7 > ML13 > MLI11 > ML11+MY7 > MLI17 >
ML7+MY7 > MLI3+MY7 > MY7 > 1d $A4 r—% A o & VR

Fex FT A4S A% weuE dPe] At veh WREHC] S5k Bt
A e gt AA NEE7F 7 %948 MLIT Akt MY7 BRE 524 o
HZE MAZYGL, GAETto| o3 HEEALS nwsly] Yste] Sk AU = AA 7
SRt 7P 93 MLT it v A2 AR
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28. &9 wra A9 we Bt

Sensory test

Appearance Flavor Mﬁl;?(l)rrlji Sourness Carﬁ’ggg;ed Sf;s(t):zy Texture ac coe;),‘near‘t)ai}lity
ML7 3.67+0.6 2.92+0.9 2.83+t1.0  3.00+0.8  2.75+0.7+  3.08+0.9 3.42+0.5% 3.17+1.0
ML11 3.08+0.7 3.00+09  2.92+0.6« 275109 = 2.92+0.6«  3.00t1.0 3.08+0.9% 2.92+0.9
ML13 3.00+0.9 2.2510.6%«  3.0010.8  2.42+0.9% 3.0810.7 275409+ 3.33+0.8* 2.91+0.8
ML17 2.83+0.5 2.67+0.6 3.00+0.7 292406  2.83+0.7+  2.67+0.8% 3.00+0.6% 2.75%0.7%
MY7 3.36+0.9 2.83+1.1 3.08+0.9  250+1.1x  2.67+0.9«  292+11 258+1.0 2.50+1.0%

ML7+MY7 3.92+0.5 23308«  3.00+1.1 225+1.0+ 27307+ 2.83+08+ 3.00+0.9 2.67+0.8+

ML11+MY7 2.8310.8 22608« 283411 225+1.0+ 27509+  3.00+09 3.08+0.6* 2.50+1.0=*

ML13+MY7 2.50£1.0 1.92405+  3.08+1.2 2.17£1.0«  2.83+0.9+« 26710+ 27509 2.42+0.9

ML17+MY7 3.92+0.6 3.50+0.6 3.75x0.7  3.17£1.0 3.500.6 3.6710.6  3.75+0.6% 3.50+0.7

Control 3.33+0.9 3.33+0.9 3.58+0.9  3.42+0.7 3.58+0.5 350105 2.25+09 3.55+0.8

Values are means from 20 determinations. score 5 is extremely good. student's t-test p<0.05, * p<0.05
compared to the control. control: 1 year fermented mukeunji.

Tow AAE MLI7T f4ht3 MY7 855

ol e HY A FeA F al E3H& 1t (mixed
starter) 2.2 &}aL, vl A T2 MAH ML7S @ Fif(single starter) 0.2 3}o] F4F 52
Aol Wy BEA B9 Ax T FHES AT T H2AE AXY. T 52X 2o W
A A E 54 #edrt AAE vgoR T HUbHE A3 oH, 10T
A7 RE F 90d 7R AA WARIL(1T)NA HAEH HE BEAS AL Fs HU)
sHAl &8 AAE HxT(contro) HAZE 33+

(1) pH % 2% W3}

AAe] sAd we} pHE AstE 3 AAEE F7behe A4S YEgl o, gz A4
H)gto] vt H7F A4A 9] pH7F o el AstE o] 909 &< ¥ pHE FAsH oW, A%
T3 6 B HAHE AR 12~13). ddFd ZUF AAY A EFEA HU)
AAe] mls] 22 713F ] ©e pHe vl 2 AEE YERS S o)l E3Ed Y A9 A
b B oste] fabato]l AR {74kl AR AREHY] wiEow Azd. 1#u
WE FEAFEYA 0Y Foll= F F9 HIUF EFolA pH 394, A% 1.18% =4 22 e
Holn 13 44 HeA(39%d 54 pH 3.96, A% 1.25%)¢F FALeE 55 e
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=g=control kimchi
=@=single starter kimchi
mixed starter kimchi

3 S i
4 = 24
— 2
35 A+
3 T T T T T T T T T
0 10 20 30 40 S0 a0 70 a0 S0
Fermentation time {days)
a9 12, A A 9] pH W3
14
12 4
1 -
E 08 4
£
g3 0.6 -
o
04 —+—control kimchi
=@=single starter kimchi
0z M mixed starter kimchi
D T T T T T T T T T
0 10 20 30 40 50 60 Fit] 20 20
Fermentation time (days)
g 13, AA Y A W)
(2) A9 =4 W3l
g vt 2ol e Zﬂ‘iﬁgf‘n AA Y AEE Fashe 4TS UEFAGE 29). 9YE
T AAe AnE Azx AF 9987 g/em’ollA WE 0Ll 8834 g/em’® #AA3AN, TF
i 1A A AAAR Z ? 9,917 g/cm’el Al WE 90Ul 8707 g/em’®E A3 o
o, ix27 #2X 9 AnE Ax A% 9902 g/em’ollA HE 9090l 8179 g/em’® HAdhE
Rnoz el tExT AXY AEWwEr 4l 2 &3 AR e F o wmEA 3
PS4 F AME.
AANN B4 M= AT GFHFOR kel MFzAe] FHE BAT] B4
S XY s gud e FalAA 2 ols} oo} Wi F]



of Jehbs BRs Bulshs SR RAd o Axvs A8 24 Faue] WAz
qo] AR ARAA] WASHE A0 FeA Yg. 7 % MPEA o5 499
F71ake) Gl olshel mAGe) WMl WY

R EqETE A 2y H4A A 3 o] &y Aoz Axsglonz o
5 AAY AEe Aol WA V|ZF EFob Akl o A EHE frIite] F B et
T Solel yEbbs B AofollA TAZ Aow AR

¥ 29 AR BA Wz

Fermentation time (days)

Kimchi Fermentation at 10T Storage at —-1T
0 7 30 60 90

Control

R 9,002+235* 9315+112°  8927+326™ 8554+210° 8,179+173°
kimchi

Hardness  Single Starter g ge7,3001 g gogeago® 92912245 9065£206™ 8834+336°
(g/crt) kimchi

Mixed starter g 041670 94744135 9307+331° 8.0404230%  8707+450°
kimchi

Means with the same letter in a row are not significantly different by Duncan’s multiple
range test (p<0.05).

3) MAE #F W3
b w5

Wz AAE 27] 53 log CFU/mLOlA @& 30¥el 92 log CFU/mLE A+ 1}
Eliglom o] & AA3F Aid}AL. ddFt LA 27 7.7 log CFU/mLoA] A 4] 3]
Z7tste] & 6090 94 log CFU/mLE Hd+E Uelon TE 90+ 87 log
CFU/mLZ #A3d 5. 3k A4+ 27] 68 log CFU/mLolA] Alﬂo}ﬂ iz 24

oF FAFSA wE 30¢ 9.2 log CFU/mLE #E %EMM#% o] & 7 A
of ©dEqt AA o vgte] v ¥ fFFEE Mol ¥ Jo= 7.0 log CFU/mL7MA 7+
EaYs o8-

(th) it
HxT AAE 27 52 log CFU/mLeIA 23 3090] 89 log CFU/mLZ AW#+E
Bhgl o o] & XA8] Zaste] wE 90delE 7.8 log CFU/mLS JEHI S, v
7]X]~ %7] 74 log CFU/mLelA A A8 F7ksto] 2E 60L9l 9.2 log CFU/mLE i<t
S Yehlen wg 90YelE 83 log CFU/MmMLE #A28Ae. E3F:d AAE 27
6.5 log CFU/mLel A A] x%}oq 27 AR} SASA 2R 30Le] 9.1 log CFU/mLE £
N5 et o o § iz A9 ddFa AAo] vste o we #5E el
o E 90l E 68 log CFU/mML7FA #2439

_—

=7 AA= 27] 15 log CFU/mML=Z Al#tste] @& 604l 4.1 log CFU/mL7HA] 57}
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st o, Wra 90¥o = 3.7 log CFU/mLE YEUAES. deEd AA+= £7] 01 log
CFU/mLell A ¥&7F A5 = o AEH o w2 F713te] &3 90do] 4.3 log CFU/mL7}
A F7FEH . S5 AA= 27 42 log CFU/mLoA A Zsle] 12} was(wE 7Y9)
6.2 log CFU/mL7MA] 5713k o o] & <7k A4sto] wa 90del& 5.5 log CFU/mLE
eba,

(= = A&

G2 X oA ML7 A BR8-S 7] 986%=E A ZFste] 12 MEF(LE 7Y)
of 90%= °oF7F FAasF ot o & vl FUFske] 95%0lS fAEY HE 90dd =
98.8%6¢] dEAHo = L HFES HEMY BiE FHEAFIE 13 S3kEd A A oA
ML17 f4kte] A& 27] 96.1%= Al #ste] Ha7t AP 5E A8 Fastd o
HE 90Y Fol® 75.3%% =& AG&ES UEd. S AR A MY7 R A&
= A FF 7)7F FQF 90% o] FHES AXE vE are A5 Ao HAEXA
=

G 2 Sk HA A Foe] AFEo] 4] F& v&E YER A a2 UF-A
ol EAe FAbd R FUReE Fatel o HEUE e Ade BoFE Aoy,
o= AAAGFoA A FHE FAY F AT LEREFHOEAN AE Ve UEdE
Akgl,

X 30. AA9 vAE #F W
Fermentation time (days)
. . Microbial population . —
Kimchi (log CFU/mL) Fermentation at 10T Storage at -1T
0 7 30 60 90
Total viable cells 53 02 84 £ 03 92+ 01 85 £ 02 84 £ 02
Control 1 i acid bacteria 52 + 03 83 + 04 89+03 83+01 78+02
kimchi
Yeasts 15 + 04 2.8 £ 03 39 +£03 41 £ 01 37 £ 03
Total viable cells 77 £ 01 91+ 02 91+ 02 94 £ 0.3 87 £ 01

Single Lactic acid bacteria 74 £ 02 88 £ 02 88 £ 04 92 £ 01 83 £ 02

starter _

kimchi Yeasts 01 £ 04 25+ 01 32+ 02 37 £ 02 43 £ 0.3

Dominance of starter
e o) 98.6 90.0 955 976 988
Total viable cells 6.8 £ 03 88 £ 02 9.2 £ 02 73 £ 0.3 70 £ 01

Mixed Lactic acid bacteria 6.5 = 03 86 = 0.1 91 = 03 72 =02 6.8 + 0.1

starter Yeasts 42 + 01 62 + 02 53+ 01 58+01 55+ 02

kimchi

Dominance of starter
MLIZ/MY? (%) 96.1 /99.8 92.3 /987 939 /96.3 780 /93.3 75.3 /99.8
1) F71% &F

HE 90Y § #HAY [F71A FFE F4%ke] (G 3. 7714 242 diE2T A2 A
= acetic acid®] o] 7 e AoE yeiwtou 1d A4 HoA, dd 9 &3S
AA o A= lactic acid®] ShaFo]l 71 wWo]l HAEHAS. e DA A lactic acid, acetic



acide] ko] we Ao w YElsEO W malic acid®t succinic acid®] A-F =& A A H
5 A &S+, Citric acidv 19 4 S22 A= 75540 mg% 7t A& 1 djx=7 7 A 4
7

GAE AA A= 499.876 mg%, E3ET AA A= 514.730

i 3L AAY #5714 FF

Organic acids (mg%)

tmeht Malic acid Lactic acid Acetic acid Citric acid Su;ccilénc

Control kimchi - 612.719¢ 787277 - -

Single starter
kimchi

1,418.871* 323.100° 499.876"

Mixed starter

b b a
Kkimchi 815.128 561.761 514.730

1 year fermented
mukeunji

825.260° 563.858" 75.540°

-, not detected. Means with the same letter in a column are not significantly
different by Duncan’s multiple range test (p<0.05).

(6) e otv

g 90Y &
9S(3E 32). T

-

>
o, W
o o

30~33%9 #¢ o=
o)

=
T S
EREF AR 42 opvlmate) gEe o
|

L
L
e
ofN
=t
2 HE

oAl ThA Aol7b o}t HAAQD vl&L AR H]s2dt AFE B BT A A
alanine®| ShzFo| 7}&F ko x4 Aol A% serine, glutamic acid, valine, leucine,
lysine, prolines 2] H=Fo] wjwd @eks, ddF:F 2 E3HE HAA AT aspartic acid,

serine, glutamic acid, valine, leucine, lysine, arginine, proline%s ¢ ¥ =o] ®olon E3
aspartic acid®} arginine®] ¢ x5 AAY 1d 54 H2A ol vl 53] 52 TS v
Bhdl. AAY B AES dA-ske 809 7Y obvxAte] A o ABRdA fFHEHE
protease?] 283} A wE v EANA fFE ol oF dujE o] EFo] AAEH,
Aol o)A dgd e ofvgy A3Fe] shek #ostu R ofuwibe] A R T
of wel AAe] Frle S F AoE Ay,
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¥ 32. 2A9 oA

24

A
: : Single Mixed lyear
Free( an}ll%% a)CIdS (f((_)ntrhql stargter starter fern{ented
mg/ vl tmcht kimchi kimchi mukeunji
Taurine 6.34 7.34 6.30 8.95
Aspartic acid 11.64 33.10 26.49 7.58
Threonine 16.17 15.60 14.33 30.36
Serine 28.47 28.10 28.22 39.66
Glutamic acid 52.14 51.57 53.21 29.02
Asparagine 16.88 22.64 16.88 66.22
Sarcosine - 1.01 - -
a-Amino adipic acid 0.88 1.28 0.84 0.80
Glycine 15.11 15.40 14.68 29.16
Alanine 33.59 74.69 80.24 131.67
Citrulline 4.48 3.27 2.85 7.27
a-Amino—n-butyric acid 2.83 341 2.49 4.81
Valine 25.90 26.30 24.33 42.47
Cystine 3.19 3.18 3.09 3.47
Methionine 7.83 9.23 6.98 14.75
Cystathionine 0.78 - 041 1.39
Isoleucine 16.87 16.32 13.89 26.14
Leucine 23.04 24.31 19.59 43.66
Tyrosine 6.27 10.85 851 4.10
Phenylalanine 16.44 16.70 15.28 27.07
B-Alanine 3.24 3.16 3.24 2.08
B-Amino isobutyric acid 1.99 2.19 2.11 0.62
Y—Amino—n-butyric acid 9.97 12.78 11.34 34.38
Tryptophan 1.79 1.93 1.94 2.62
Hydroxylysine 0.04 0.09 - -
Ornithine 574 411 0.43 1.28
Lysine 22.02 22.60 19.34 21.25
1-Methylhistidine 3.22 3.24 3.36 5.09
Histidine 6.80 813 7.26 12.48
3—Methylhistidine - - - -
Anserine - 254 - -
Carnosine - 1.10 - 10.37
Arginine 7.16 31.58 28.88 16.17
Hydroproline 0.26 0.43 0.40 -
Proline 23.82 30.96 29.99 61.27
total 4299 489.19 446.9 636.16
-, not detected.
6) #5 AL
0Y &t TEE 7 HA dd 2 ST HA 9 oS a9 149 e AlaF
19 =4 SF2AGEYEsE)Y 3 deHME Age AyEE 33) HAG A, £7))
< E3FT AAGYRE) > ddFT AAGTE) > 1d 4 52X@E5%) > gxT A4A
B4H) oz FTE& HE HAVF ¥ & FFE Ve
TEye] AxE ExT HAA29%) > 1d 54 52X 0263) > £ #AACH) > @
AEd AA18H) ¢o& T F7 AX7F 74 1d 4 524 B o @& ARE
UEbE. HA e wYUE SRSV AAME RS 37| Avre W2oE WwAsinE Fi A
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33. #sH7t

Sensory test

Overall
acceptability

Carbonated Savory
flavor taste

Mukeunji

flavor Texture

Appearance Off-flavor Sourness

Control b b c c b b c c
Kimehi 3.4+0.7 29+0.7 2.83+0.6 2.83+0.8 29+1.0 3.1+09 2.6+0.7 3.0+0.8
Single . ) 5 . )
starter 3.7+0.5° 1.8+0.8% 351.0 4.1+0.7% 3.6+0.8% 3.5+1.2° 3.5+0.8% 3.710.5
kimchi

Mixed 5 5

starter 3.9+0.6% 2.0£0.7% 3.910.7% 4.3£0.7% 3.7+0.8% 3.810.9*  3.2¢0.6° 4.1+0.3%
kimchi

Lyear b b b b b
fermented 3505 2605 4.0%0.7* 3.8+0.6 3.5%0.7° 3.8109* 28+0.4™ 3.7+0.5
mukeunji

Score 5 is extremely good or extremely strong (off-flavor). Values are mean (n=20). Means with the same
letter in a column are not significantly different by Duncan’s multiple range test (p<0.05).

A F# A4 A8 2 7lsA Bt

A Foz AAY Lb curvatus MLIT3 S. servazzii MY72] 212 o] & 7154
7] 913te] Y ASAH QA A AFE Hubsdlow, 23Eel 483517
YA Hr7t2 pH 749 dAd oA5-5 43¢ =3 §4kt Lb curvatus ML172)
L -8 Ths e HES] fste AW AEAd 3 AW
#3 ZznloloE Y|HA, It A, T E AT, Ak 2 g9 A5 E

T Ry N %

T AE ANZEEH Tl HojEol A 12413 A B A7) =
ko

a8 15). MY7 &5F A
- =

o0
fo
o0
>
=
)
o
=2
=
N
N
=2
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[y
(=)

ML17
=
E
S 8 1
=]
g 7
=2
. E -
X
£ 5
=
=g
g
&2 3 A
o
2
el ——pH
=
17 —O— Growth
D T T T T T T T T T T T T T T T T T
0 4 B 1216 20 24 28 32 3640 44 4852 5660 64 6872
Incubation time (hr)
10
MY7
= O o
E
T =B
[T
[=]
by 7
2
=
&
2
E 5
=
—_ 4 -
8
2 3
= 3
E —*—pH
[-9 1 4
=—{— Growth
o

0 4 B 12162024 2832 3640 4448 5325660 6468 72

Incubation time (hr)

29 15. Lb. curvatus ML173 S. servazzii MY79 AS34

(2) AA <tAAQ F7}

71 €34 B AE (Hemolysis test)

272 A3 B. cereus ﬁxﬂ FHel Ad+7F gy A= T
SEES YERdl oy, ML17 fabtd MY7 2R%E £30heS vEhA
T o

16). §d5A0] glaoz 524 & Z HdA el Sl ALz el

52 ﬂﬂo
30, o
o o
oo
e &

T

y

Bacillus cereus KCCM Lactobacillus curvatus | Saccharomyces servazzii
11204 ML17 MY7

29 16. Lb. curvatus ML173%} S. servazzii MY79 &34 AAL
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() 2484 AA

A EA LEFFOE LAY Zanlo] g o R o] 857 9AE FFI ket
4 w3 Fadk RES AAE. MLI7T 49l A% leucine arylamidase®} valine
arylamidaseo] thel <A wFES UEIaL, MY7 &R A$ alkaline phosphatase®t
leucine arylamidase®| o3l 94 WSS UEFHGE 34). AU Mo diAzE o2 Bu|H =
B-glucosidase®} B-glucuronidase® 74-¢ B-glucoside WiHA 3}3H&E3 glucuronic acid &
FES FAFEZ HAFA7E TSdHE 2402 284 9. B-Glucuronidase?] -
Aol Eogks u, 7tol A gluculonic acid®t 235 o] =L

FUE
)
o
2

benzopyrene® Z& ZAE

Aol F37l HARE, o] A 4o &AeA @5 A el wjA s o] A
9] B-glucuronidased 9 @XM thA| Aol A4 5 A&, wepA] olef L a4
& AAstE d e TToEA wEAskR] gon T odF EF Iy i 5249 B
-glucosidase®} B-glucuronidase?] #&Ado] gl Aoz e <tdd Aoz gy,

¥ 34. Lb. curvatus ML173% S. servazzii MY79] 434

Enzyme ML17 MY7
Control v -
Alkaline phosphatase - +
Esterase(C4) - -
Esterase lipase(C8) - -
Lipase(C14) - -
Leucine arylamidase + +
Valine arylamidase + -
Crystine arylamidase - -
Trypsin - -

a-Chymotrypsin - -
Acid phosphatase - -
Naphthol-AS-BI-phosphohydrolase - -
a-Galactosidase - -
B-Galactosidase - -
B-Glucuronidase = =
a-Glucosidase - -
B-Glucosidase = =
N-Acetyl-B-glucosaminidase - -
a—Mannosidase - -
a-Fucosidase - -

1>Enzyme activity was determined by using color strength values: 0, negative
reaction; 1, 2, 3, 4, intermediate reaction; 5, maximal reaction. +, = color
strength value 3.

@) A44 W+-4 B

AA {3 HFE BFoEA o 2 Ao R og Al JE Ay FAAA HAsE
Tt g wste]l S WA dopopdt. 53] AV 4R ] =2 A ARE o
Bl 5249 A4 olgd NN E ¢ AEHS Ak AHHer TRE FEY
& 2. Wb ML17 4k MY7 &2l tiste] pH W rAdd Nads xAe
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(7h) pH W74 29

ML17 frabete] 4§ 22 pH A 73kelA 27194007 CFU/mI ol’)& 73t pH
of gk Wgde] &g IS (2™ 17). MY7 &8 A EE pH AHeF-ztelA 27
#4107 CFU/ml ©]4)E f-x8ke] pHel gt U7l d&s (7 18).

10

ML17

w0
1

Winitial
Otreatment

Viable cell number (log CFU/mL)
w
|

D s T T T T T
control pH3 pH4 pHS pH7 pH9

pH of culture medium

19 17. Lb. curvatus ML17¢] pH W74

MY7

Ry
1

Viable cell number (log CFU/mL)
wn
1

1 4 minitial
O treatment
D T T T T T T

control pH3 pH4 pHS pH7 pH9

pH of culture medium

19 18. S. servazzii MY79 pH Ul +A
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P i
-l
E 10 _MLI?
5
5 97
2 >
= 77
g 6
-1
E 5 -
= i
T 3
i e
A .
= minitia
5 1 O treatment
D n T T T T T
control 2% 5% 8% 10% 15%
MaCl concentration(%)
19 19. Lb. curvatus ML172] 9 +A
g
- MY7
E &
5
T
o
g "7
< B
7]
: ]
=
= J _
SR
o minitia
= 1 Otreatment
:- D 1 T T T
control 2% 5% 8% 10% 15%

NaCl concentration{%)

g 20. S. servazzii MY79 QA

(1) FNBEAR BT

T2 WRFI T Lb curvatus ML17T -4k x=
ARsE7] f1ete] AUAEAR H7HE AlAR 7S Tk AdHE fakte] el =93] ¢
A = pH 3 olste] Ak 193 F Aol HolA oz #ulu= gl hak WS
zkZmojof g,

Lb. curvatus ML17 f2Hte 27] A+t 9.1 log CFU/mll A pH 259 MRS 2] <} <1
T oA 241 7F HE] & A7 729 7.3 log CFU/mlz #FAstgd o, <l
Al Fol= 7.6 log CFU/mlE YepH(2® 21). AA AHS Fabeo] 9 =
Eob7] wsel AE A 2/ HE £ dedEss Mg Ay AeEFs 82 log

=t
lo
[H
f
=
s
ko
i
>
=t
o
i
>
lo
)
ol
o,
o
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CrU/mlz F5adla. ATHdelr va gasAR Ao Aews 2144 4L 3 o4
& 3z Ao vEhd fled st lees A2 § 80 log CFU/MmI o]d= FA3tn= =

1l =]
zrtol o g oA e] F87b5A0] e AOE AZH.

11
s 100
|
£ %
=
[ 8
(¥
= T A
i
e
3
el
S 4 4
B Es
@
= 2 7 R
= ) Winitial
= <] Otreatment
D T T
Artificial gastric juice Bile juice  Artificial gastric juice — Bile juice
(pH2.5) {0.3%) (pH2.5-0.3%)

219 21. Lb. curvatus ML179] 3 AEA

. WeEkA Lb. curvatus ML179] 74l H-25& Caco-2 MEFE o] &3te] i 3%
| +3ttbar &E 3 Lactobacillus rhamnosus GGE
<)
Caco-2 cell& O] 05}04 A B8 13 A Lb. curvatus ML1TS 27| &t
(10", 10°, 10° CFU/mL)°l we} 9.17%, 10.07%, 17.31%¢] F4-S e on F4 oz
T Lb. rhamnosus GG 7% 18.12%, 19.36%, 20.78%¢] 288 YEH(E 35). Lb.

curvatus ML178 %A ETF Lb. rhamnosus GG H-2&3 A AHs & 34

S Yepidled, 7] Ed57F BE5E =2 LS e A RFee Ak A
*er Aszere] A3 Frxol o)gk F3F “}l /‘ﬂE ‘Ao ok F3F 5 ThEs 8] s
o] Fol X, B Tz AFyAx gl 5t AA712 A3

olNr
o =

;

) 3+ receptor-ligand A3,
[e]
]j

of
A% passive ¥ steric forces 59 7‘—} %O 1=
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¥ 35. Lb. curvatus ML179 A RFA%

. CFU/mlL/well Adhesion
Str

amns Initial cell  Adhered cell  Tate (%)
(5.63+052)x10°  (1.17+0.26)x10° 20.78
Lb. rhamnosus GG (5.63+0.52)x10%  (1.09+0.13)x10° 19.36
(5.63£052)x10"  (1.02+0.12)x10" 18.12
(5.6620.34)x10°  (9.8+0.45)x10° 17.31
Lb. curvatus ML17 (5.66+0.34)x10°  (5.7+0.36)x10" 10.07
(5.66£0.34)x10"  (55+0.28)x10° 971

a9 22, Caco-2 M¥E H&H Lb. curvatus ML17

(6) It A7t

AA = Ato] HA Z& d-FARAA oY= v ST oE Qlste] WE A}
A gonw dA Bt FHe FAS] olgw. AAY TEREAOE o]&H7| #8A
= 0E 2o odd Firs AofIHA] HET|T T =2 HAES FAH AAY o
I FAS dASA A & dojobd. A% frElwrFol WE Lb. curvatus ML179 &4t
DS A wjFo el Aol grleta, Aol wE g g 249 4, pl, &
A MAES A

(7h ML17 fAbate] o gk gt ghd

Lb. curvatus ML17T 59 I Z44E direct method WHo= A ZAi
Micrococcus luteus, Bacillus cereus, Staphylococcus aureus, FEsherichia coli 0157,
Salmonella enterica 5% a3l oF 2 255 dFo] st =& IS Uetd(ad

23).
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240 Enterococcus f

Listeria monocytogenes KCTC 40307 | Staphylococcus aureus KCTC 1621

Salmonelia enterica subsp. enterica
KCTC 2515

iV

(b)) ML17¢] AAibsles s Sl gkt gk
Lb. curvatus ML179] Hj¢kf S o] 83lo] X A|xtel] Wt Fur SHES FAT

o
ol

o

Micrococcus [uteus, Bacillus cereus, Salmonella enterica, Pseudomonas aeruginosa
of vste] $5a FEAL LEHE(E 36).

¥ 36. Lb. curvatus ML179 &3 &A A7}

; ; Antimicrobial
Indicator species . .
activity
Micrococcus [uteus ATCC 10240 T+
Gram- Enterococcus faecalis ATCC 19433 +
positive  Bacillus cereus KCCM 11204 +++
bacteria  Listeria monocytogenes KCTC 40307 +
Staphylococcus aureus KCTC 1621 ++
Escherichia coli KCTC 12119 ++
Gra‘t‘?_ Escherichia coli O157 ATCC 43895 +
ncea “.Ie Salmonella enterica subsp. enterica KCTC 2515 +++
bacteria )
Pseudomonas aeruginosa ATCC 27853 +++

Activity was expressed as the diameter of inhibition zone against each sensitive indicator.
-, no inhibition; +, below 14.0 mm; ++, 14.0716.0 mm; +++, above 16.0 mm.

- 112 -



(th ML17¢] Ao w& gqrghd
Lb. curvatus ML179] Ao wE FgaaAsS =487 93k wjA 7hel] up&
ol B

R
S
o
Y
>
=X
(o
f

S
>
ofo
ro
oy
o
)
=~
m
=
wn
=
2
o l

- 2000

ae | - 1800
E 5l n 1600
g ik | - 1400
= - 1200 E
g 2
£ 75 - 1000
& B
E 7] —m—Cell growth A 5
3 [ I k=]
= 6.5 =g Antibacterial activity o
Bl - 400
B 55 - - 200
> 5 ¥ T J ' . =%

0 4 8 121620 24 28 32 36 40 44 48 52 56 60 64 68 72
Time (hr)

19 24. Lb. curvatus ML17 59 ASo wE 3rdA

(2 ML17¢] Aitete B2 A

Lb. curvatus ML170] AAtsl= & 29 pH, 2%, 849 93¢FS =A3 Ay 93
EaAg s Wl b3 Y pH A2 $oll&= pH 5.0 o]FF-H darddo] #A3H7] A 2}
o pH 7.0 o] oA & FHE&AAE YElR fornz gatEdo] 4Hde pH 7oA <F

A4 Aoz JEbEGE 37).
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¥ 37. Lb. curvatus ML170] A4tsl= Ayt E Ao <A A

Antimicrobial activity

Treatment (AU/mL)
4C, 24 h 1,600
30C, 24 h 1,600
Heating 50T, 24 h 1,600
70C, 24 h 1,600
100C, 30 min 1,600
121, 15 min 1,600
3.0 3,200
4.0 1,600
5.0 400
pH 6.0 100
7.0 0
8.0 0
9.0 0
Proteinase K 1,600
Protease 1,600
Trypsin 1,600
Enzyme a-Chymotrypsin 1,600
Pronase E 1,600
a-Amylase 1,600
Lipase 1,600
(7) Mannitol A5 &<l
JHAATE FATFE B VEEB B WUES AU A0 FA Y. oA A
TES olgdeda HAEZE S8 #IFs oy Aol FEASE A&t vz e
mannitol® A AA BE F fabrel A mannitol® AA o] PHAL FaL Al
ohs AAEte] A9 b el Fask dehS & MannitoldAd &9 9%k TLC +44
I Lb. curvatus ML172- mannitols /434 &= Ao 19 (ad 25).

Fructose

l
‘E Mannitol
l

-

ML17

19 25. Lb. curvatus ML179 mannitol A5 22l
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8) &itst &4 =54

AW AR Fol] ¥R 3EE superoxide anion, hydrogen peroxide, hydroxyl radical®} %
< A E Aol F42 AS AbEgA REHAE ofr|d ZEF AWES zdstA #
upela] ol g AEHAE AAT F e s e Fad EAF 39l

Lb. curvatus ML179] DPPHE o] &3 &4ibsl €4 S4Z2 9 72.88%9 free radical 2~A
S e S (3 38). %A T4 ascorbic acid(0.1 mg/mL)7} 62.57%¢] free radical
55 et A vwdlS w Lb curvatus ML179 &4ksk 37t A =8 Ay

0] 3 2= 0 o
Qj‘l-L_EE T )\}]\(}?}D-

ied 1%
m]o __ m

¥ 38. Lb. curvatus ML179] 34t3t A

Vit C
Lb. curvatus ML17 (0.1 mg/mL)
DPPH radical 79.8840.5] 62.57+1.25

scavenging activity (%)

9 dAE AF A 23 SA

1A YoM E AGSS A AA MXE HT-290] thdlk oA x AA o4 aas =A3
A3 Lb, curvatus ML172] s A o-S 10~80 uL/mL A& A, AGSel| sk A A
Tih= 10~40 pL/mL X2 aF9-& o dix+-¢ 794 XolE HolW 31%~38% A ES

et Slom, 80 uL/mL A& Al 8291%¢] AA&E HolH tE Ay FolAlxtt dA 73]
E2 MXE A A9A 295 YJEeERSS. HT-299 sk 4% A9A a3olA = 10~40
L/mL A 3t%s o 40 uL/mL A2 58 tx79 F94 Aol& EO]E] 9% A&
b o™, 80 nl/mL A2 Al 79.35% 9] A &S Holn tE Ay FRoAET f94
o2 71 =& AX AY A9A 23HE e (2" 26~27).

Lb. curvatus ML17T=F-E 2] ek Aol AGSeF HT-29 M¥Ee| st A3 A a3=
S v oly; n& oA Aoz A BHUF FUskE ASE UEH. o r
A= Lb curvatus ML170] FAE A& At =28 A4S n|siy o
ZIdolv B4 S A E =5 FHA< Aol 283
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120

100

20

&0

40

Cell vaibility (%)

20

120

100

80

&0

Cell viability (%)

40

20

a AGS

[

control 10 20 40 an
Concentrtion (pL/mL)

3 a HT-29
"'_I—— Ta b

control 10 20 40 a0
Concentration (plL/mL)

26. Lb. curvatus ML179 &4A¥ A=A 9
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Control Treatment

.G-
--

a9 27. Lb. curvatus ML17°] A3 d SAX AGSS HT-29
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