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ABSTRACT

Development of edible-media for GRAS
microorganisms and its application as a

bio—preservative

Moon, Song Hee
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was investigated to develop edible-media for GRAS
microorganisms (Lactobacillus plantarum AF1, Lb.  plantarum HD1, Lb.
plantarum EM, Leuconostoc citreum GR1, Leu. mesenteroides TA, and
Bacillus subtilis SN7) using Chinese cabbage waste (CW) and salted Chinese
cabbage waste (SCW) produced during the kimchi making process at homes,
small businesses, and conglomerates. The collected CW and SCW were
analyzed for their characteristics such as pH, titratable acidity, crude proteins,
and free amino acids. As a result, there was no significant difference between
the CW and SCW collected in accordance with location and season.

The prepared CW and SCW juices were used as medium for GRAS
microorganisms. After addition of corn steep liquor, glucose, and inorganic
salts to the CW and SCW juices, pH levels were adjusted to the optimum
pH for the strain. When Lb. plantarum AF1 was cultured in CW medium at
30C for 24 hr, growth was 9 log CFU/mL, antibacterial activity was 160
AU/mL, and antifungal activity was 640 AU/mL. These values are almost the

same as the values observed in MRS medium. Under SCW medium, viable

- XVI -
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cell number and antimicrobial activities of Lb. plantarum AF1 were the same
in MRS medium. The four lactic acid bacteria strains also showed the same
viable cell numbers and antimicrobial activities under CW or SCW medium.
When B. subtilis SN7 was cultured under CW medium, viable cell number
(10*CFU/mL)andantibacterialactivityagainstB. cereus (1,600 AU/mL) were the
same values in TSB medium. Antifungal activity against A ochraceus (2,560
AU/mL) was higher than that in TSB medium (640 AU/mL). The pH
stability (pH 3.0~9.0) and thermal (37C ~121°C) and enzyme stabilities of the
antimicrobial materials were investigated in accordance with the respective
medium. As a result, it was confirmed that there was no difference in
antimicrobial materials produced in the laboratory and edible medium (CW
and SCW medium).

Natural antimicrobial materials derived from GRAS microorganisms in
edible medium (CW and SCW medium) were investigated to control
film—-forming yeast of kimchi. Yeast colonies could be observed on the surface
of control kimchi (not treated), grapefruit seed extract-treated kimchi, and Lb.
plantarum AF1 culture supernatant of CW medium after 15, 20, and 30 days
of incubation at 4C, respectively. This result demonstrates that the anti-yeast
compounds from Lb. plantarum AF1 could be used as a bio—preservative,
which can prevent film-forming vyeasts in kimchi. In order to control B.
cereus in chungkukjang, culture supernatant of B. subtilis SN7 in SCW
medium was added. As a result, B. cereus was completely controlled after 2
days of incubation at 377C.

This study developed a low-cost food grade medium for GRAS
microorganisms using CW and SCW, which was confirmed as a food

bio—preservative.

- XVII -
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2rEYYE HEZHdAs FEAEUE HEdme] 9 AFH5om 435
g o] FAE A FHaol 9E] dojdrh6l]l. FudAlE md A
= AT Bdgle]l WAst lom, O Ak AE AR WA o
% = Wxdr tEd oz Wiri(Table 1).

O
H
oo
td
i
W,
ol
=)
o
i
=
lo,
o
4>
ol

Fob % 5999 A7) wAGAL. o9 2o 4%
Baolm oled AFE Almt Sud oy A AA
ATHB0,741. A EANA olH @ fal vAEES Aola] e Tz AERNE

FAREA} ALE =Y ol FA FAFoz Fd FEHe XA A
1. 718 A3 vAE 71 A=

NFEA HehE ks wAE 2 AF AL £ U wAE dmo
& W=l GRAS AE[30], frA@el QPS AE[25] To] wrwsglon S}
g w3k AEFAGSl] AFDATZA Ago] sbEe u Bl WAH Q)

7. 5] GRAS Al%=

GRAS (Generally Recognized as Safe)@ v|=F 2]#2]oF=(Food and Drug

Administration; FDA)SlAl X3t dntx o=z otxsirta QA= B2=Z)

1958 12¢ 99 < #H (Federal Register)E 23] #& GRAS Z&o] ¥y
Attt ol okHEA AlEEHISE oWl JALES VxR §le 1 obxAe] ddd
EAZA 19973 o] A7LA = “GRAS Affirmation Petition” =X} g $9As

Axoprt AbgE = USdTh ShA R SRt dateh AR SAR dAl=
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Table 1. Food poisoning incidents and cases, by pathogenic bacterium,

2011-2015, Korea

Causative microorganism of food poisoning

2011 2012 2013 2014 2015
1 Pathogenic Pathogenic Clostridium Pathogenic Pathogenic
E. coli E. coli perfringens E. coli E. coli
Clostridium Pathogenic Clostridium
2 Salmonella perfringens F coli perfringens Campylobacter
Vibrio Clostridium
3 | Campylobacter parahaemolyticus Salmonella Salmonella perfringens
4 Stapcflzzigzgccus Salmonella Bacillus cereue | Campylobacter Salmonella
Vibrio Staphylococcus | Staphylococcus
5 parahaemolyticus Campylobacter | Campylobacter aureus aureus
Clostridium . Staphylococcus . .
6 perfringens Bacillus cereue AUreUs Bacillus cereue | Bacillus cereue
. Staphylococcus Vibrio Vibrio Vibrio
7| Bacillus cereue aureus parahaemolyticus | parahaemolyticus| parahaemolyticus
3 Other Other Other Other Other
microorganisms | microorganisms | microorganisms | microorganisms | microorganisms

Reference: [61]
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“GRAS Notification Process” A= Wi} AXHAR AAm AE AEIIES
oLAA reviewE Ed] kA A o] dEH AAE AAS L, kAL s E
o} ATH30]

= FAF FDAl AANFOZA FAwe 5 i 437 vhas
q

GRAS A x£d& Z¥Ed g3 2o 34, A Addez ojv &

a1, TheA el shrE Hd FHar AR o] 10 ppme © A7t

ol 1,000 T= wgkelal kA Aol Tt AFE JHAA Ee Aot
[22,128]. @A7ZFA] ok 450 oJ7¢] &Aool GRASE FTHHo glew 1 F 21
CFR 172 4 173¢]& A Fo] AH87bs HMAE 4 vAE F8 ddo

2
>
o

14
>,

il

2

>~

o

oo
N

N

off

o] S tH(Table 2). "= AR (CFR, Title 21, Part 131) 2]
s 9 uAdE F8 ARoET 497 gtk 1 F A FEIEAEA
2437 #d"d GRAS 55 YIAE v vAE Fd HESZE regulation
§172.15591 41 €]  Streptococcus natalensis®t S. chattanoogensis®] natamycin@}t
regulation §184.153891 419 Lactococcus lactisT nisin®. 2 & 270 &
st GRAS 2# 9529 93 93 GRASE A TS 54 F vAE
ki

slgshz e of 284 @siH, o] & AmEEAet weste &

otk
Y

=
—

S HHo2 3 g5 F 5o €eti(Table 3). GRN number 1599 w2
4 M3 AE(SF)  Listeria monocvtogenes  A|oldlr] $3k HEH o=

Carnobacterium maltaromaticum CB19] ARg9o] 7Fg3slal, GRN number 3789
wet FAE HE 5L V|Eo=w 3 S thermophlius, Bacillus coagulans,
Lactobacillus acidophilus, Lb. paracasei subsp. paracasei 5°| 23 &g &2

it B4 BAZA OGP NE Rok Ago] sbsdt.

. wadsel QpPs Al

H
of wet ¥ AxE fdl WA F A= vides ATs] AlEskad. dAl
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+ European Food Safety Agency (EFSA)¢] Scientific Committee on Animal
Nutrition (SCAN), Scientific Committee on Food (SCF), Scientific Committee
on Plants (SCP)¢] oA wet AFolut AtRol] ARE7bes mAdE o oA
H7IE ¢33 QPS (Qualified Presumption of Safety)E Attt QPSS+ v A
B wele] dubAel b e AYd AeE o] H&ELS wjd Hulo]E Hil 9l
. QPS H&5¢ THE A= EAR kA BHIF glol #F FEdAd
Sola ZAZE glivbd A3 AR&e] Jhssith. QPSSO TA e
(taxonomy), A @2 AR F(familiarity), ¥ ¥4 o ¥(pathogenicity), #-& 4
No g grrEnh dAMA F 8BF S HAEo] QPSE
TEH o olF fAakdtd FHeh= WA= Bifidobacterium sp. 5E,
Lactobacillus sp. 35%, Lactococcus sp. 1%, Leuconostoc sp. 4% 1¥]al
Pediococcus sp. 35202 & 48Fo] S EYHAYUHB) A Bacillus sps &
12&0] S&55o] Jed olwe sd w5 A U FdAE 28 54

A HEAANE wH F AFgo] 7H5E T (Table 4).

=

aglew Ale 56, AR 7E, %ol 6&°] £ Table 5). ©
= FAbTo] £381= W AELS Bifidobacterium sp. 8%, Lactobacillus sp. 26°%,
Lactococcus sp. 2%, Leuconostoc sp. 4% 3} Pediococcus sp. 33 % 43% 9]
W Bacillus sp. &8t WAEEZE B anwloliquefaciens, B. coagulans, B.
natto, B. polyfermenticus, B. subtilistc 2% YRZEX ALgo] 7}53sla B
licheniformisv A A o2 2 &o] 753l A 9 B. cereus®t B. clausiiv= 2% €

B2 Abgol Fx[Ho] 6]
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Table 2. Food microbial substances of prior sanction in 21 CFR

Regulation Strain Ingredient of Food
§172.155 Streptomyces natalensis natamycin
Streptomyces chattanoogensis
§173.135 Micrococcus lysodeikticus catalase
§184.1005 Acetic acid produced by fermentation acetic acid
§184.1012 Bacillus stearothermophilus alpha-amylase
§184.1027 Bacillus licheniformis carbohydrase, protease
§184.1061 Lactic acid produced by fermentation lactic acid
§184.1081 Propionic acid from bacterial fermentation propionic acid
§184.1372 Streptomyces rubiginosus insoluble glucose isomerase
Actinoplane missouriensis
Streptomyces olivaceus
Streptomyces olivochromogenes
Bacillus coagulans
§184.1538 Lactococcus lactis nisin
§184.1685 Escherichia coli K-12 rennet
Kluyveromyces marxianus var. lactis
Aspergillus niger var. awamori
§184.1848 Streptococcus lactis butter starter
Streptococcus cremoris
Streptococcus lactis subsp. diacetylactis,
Leuconostoc citovorum
Leuconostoc dextranicum
§184.1924 Lactobacillus fermentum urease
§184.1945 Streptomyces griseus vitamin B12
§184.1985 Lactococcus lactis aminopeptidase
§186.1275 Leuconostoc mesenteroides NRRL B-512 dextran
§186.1839 Acetobacter xylinum sorbose
Acetobacter suboxydans
§131.111 Characterizing microbial organisms acidified milk
lactic acid producing bacteria
§131.200 Lactobacillus bulgaricus yogurt
Streptococcus thermophilus
§131.113 lactic acid producing bacteria cheddar cheese
§136.110 lactic acid producing bacteria bread, rolls, buns

Reference: [30]
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Table 3.

Bacteria in the GRAS notice inventory

GRN No. Strain Use

49 | Bifidobacterium lactis strain Bbl2 and |Ingredients in milk-based infant
Streptococcus thermophilus strain Th4d | formula

159 Carnobacterium maltaromaticum strain | Inhibitor of Listeria monocytogenes in
CB1 ready-to—eat meat products

171 Lactobacillus acidophilus Antimicrobial to control pathogenic
Lactobacillus lactis and bacteria in meat and poultry products
Pediococcus acidilactict

305 Carnobacterium maltaromaticum strain | Inhibitor of Listeria monocytogenes in
CB1 (viable and heat-treated) a variety of foods including meat and

poultry

378 | Cultured dairy sources, sugars, wheat, |Antimicrobial agents in a variety of
malt, and fruit— and vegetable-based food categories
sources fermented by
Streptococcus thermophilus,
Bacillus coagulans,
Lactobacillus acidophilus,
Lactobacillus paracasei subsp. paracasei,
Lactobacillus plantarum,
Lactobacillus sakei,
Lactobacillus bulgaricus and
Proprionibacterium freudenreichii
subsp. shermanii or mixtures of these
strains

526 | Bacillus coagulans strain Unique IS2 Probiotic in baked goods and baking
spores preparation mixes

597 Bacillus coagulans SNZ1969 spores Intended for use as a probiotic in
preparation various foods

Reference: [30]
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Table 4. The 2013 updated list of QPS Status recommended biological
agents for safety risk assessments carried out by EFSA Scientific

. d ..
Panels and Units, 3 revision

Bacteria Qualifications

Bifidobacterium adolescentis
Bifidobacterium animalis
Bifidobacterium bifidum
Bifidobacterium breve
Bifidobacterium longum

Lactobacillus acidophilus Lactobacillus hilgardii
Lactobacillus amylolyticus Lactobacillus johnsonii
Lactobacillus amylovorus Lactobacillus kefiranofaciens
Lactobacillus alimentarius Lactobacillus kefiri
Lactobacillus aviaries Lactobacillus mucosae
Lactobacillus brevis Lactobacillus panis
Lactobacillus buchneri Lactobacillus collinoides
Lactobacillus casei Lactobacillus paracasei
Lactobacillus cellobiosus Lactobacillus paraplantarum
Lactobacillus coryniformis Lactobacillus pentosus
Lactobacillus crispatus Lactobacillus plantarum
Lactobacillus curvatus Lactobacillus pontis

Lactobacillus delbrueckii
Lactobacillus farciminis
Lactobacillus fermentum
Lactobacillus gallinarum
Lactobacillus gasseri
Lactobacillus helveticus

Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus sakei
Lactobacillus salivarius
Lactobacillus sanfranciscensis

Lactococcus lactis

Leuconostoc citreum
Leuconostoc lactis
Leuconostoc mesenteroides

Leuconostoc pseudomesenteroides

Pediococcus acidilactici
Pediococcus dextrinicus
Pediococcus pentosaceus

Bacillus amyloliquefaciens
Bacillus atrophaeus
Bacillus clausii

Bacillus coagulans
Bacillus fusiformis
Bacillus lentus

Bacillus licheniformis
Bacillus meguaterium
Bacillus mojavensis
Bacillus pumilus
Bacillus subtilis
Bacillus vallismortis

Absence of toxigenic
activity and acquired
antibiotic resistance genes

Reference: [25]
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Table 5. The list of possible microorganisms used in the domestic food

ingredients

Ingredients : Food .aniilabilit.y :

possible limited |impossible

Acetobacter pasteurianus O
Acetobacter xylinum O
Bacillus amyloliquefaciens O
Bacillus cereus O
Bacillus clausii O
Bacillus coagulans O
Bacillus licheniformis O

Bacillus natto
Bacillus polyfermenticus

Bacillus subtilis

Bifidobacterium adolescentis
Bifidobacterium animalis
Bifidobacterium bifidum
Bifidobacterium breve
Bifidobacterium infantis
Bifidobacterium lactis
Bifidobacterium longum

Bifidobacterium pseudolongum

Lactobacillus acidophilus
Lactobacillus brevis
Lactobacillus bulgaricus
Lactobacillus casei
Lactobacillus caucasicus
Lactobacillus crispatus
Lactobacillus curvatus
Lactobacillus delbrueckii
Lactobacillus fermentum

Lactobacillus gasseri

o0 0 OO0 00000 000000000000 0 o0

Lactobacillus helveticus
Lactobacillus hilgardii O

Lactobacillus johnsonii O
Lactobacillus kefiranofaciens subsp. kefiranofaciens O
Lactobacillus kefiranofaciens subsp. kefirgranum O
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Ingredients

Food availability

possible

limited

impossible

Lactobacillus kefiri
Lactobacillus lactis
Lactobacillus leichmannii
Lactobacillus paracasei
Lactobacillus paraplantarum

Lactobacillus pentosus

O

Lactobacillus perolens
Lactobacillus plantarum
Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus sakei

Lactobacillus salivarius

Lactococcus lactis subsp. cremoris

Lactococcus lactis subsp. lactis

Leuconostoc citreum
Leuconostoc kimchii
Leuconostoc mesenteroides

Leuconostoc paramesenteroides

Pediococcus acidilactici
Pediococcus halophilus

Pediococcus pentosaceus

Weissella confusa

Weissella koreensis

O O0l0 O OO0 OO 0|0 OO OO O O O0]O0O O O O O

Reference: [65]
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Figure 1. Food microbiology related fields
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Table 6. Raw materials of probiotic microorganisms

in the

Functional Food Code (2014-204)

Health

Species

Lactobacillus

N

. acidophilus

casei
gasseri

. delbrueckii ssp. bulgaricus

helveticus
fermentum
paracasel
plantarum
reuteri
rhamnosus

. salivarius

Lactococcus

Le. lactis

FEnterococctis

E. faecium
E. faecalis

Streptococcus

S.

thermophilus

Bifidobacterium

B.
B.
B.
B.

bifidum

breve

longum

arumalis ssp. lactis

Reference: [56]
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Table 7. List of commercially available media for lactic acid bacteria

No. Medium Ingredients” Ref
Yeast EXITACT...ciiiiiiiiieeeee e 75 g
Pancreatic digest of caseiN.....cocovveeiiiiiiiee e 125 g
DEXITOSE. ..o ieeictiece et 100 g
SOAIUM CIETALE ..ot s s 50 g
Thiamine hydrochloride........ccooovvvviiiiieiiieiieeeie e, 1.0 mg
1 APT Sodium chloride.........ooooie oo 50 g | [28]
Dipotassium phoSPhate.......cooeviieeeeeee e 50 g
Manganese chloride.. ... 014 g
Magnesium sSulfate........ccovvviiiiiiiiiieeeeeeeeeee s 0.8 g
Ferrous sulfate.....coiiiiiiiiice e 0.04 g
Polysorbate 80......ccccoeviiiiiieiiiiciicee e 02 g
SOVA DEDLONE...eiiiiiiiiii ettt 50 g
]?{eef EXITACT o vii it g(()) g
€AST EXITACT. vt Og
2 (f\%{lggir%ieerds GIUCOSC e e ee e 200 g | [13]
’ | IE o] 7o < OSSR 200 g
Calcium carbonate... ... 100 g
Neutral Ted.....cccceeviiiie e 0.05 g
Pancreatic digest of caseiN.....cocovvieiiviiiiee e, 200 g
Yeast EXITACT...ciiiiiiiiiieee e 50 g
(7Y =15 o WSSOSO 25 g
DEXITOSE.. ot s s s 50 g
3 Elliker L ACEOSE et 50 g | [88]
SACCHATOSE oo cvvii e e sbae s 50 g
Sodium chloride.... .. 40 g
Sodium acetate.. .. 1bhg
ASCOTDIC CIA...ciiiiiiiiiiiiiieciie s se e asie s sbbesssbesaneeeas 05 g
Proteose peptone NO. 3. 100 g
Beef eXtract. ..o 100 g
Yeast EXITACT...ciiiiiiiiieeee e 50 g
DEXITOSE. ..o ieei it 200 g
4 Lactobacilli Polysorbate 80.......ccoiviiiiie i 10 g [114]
MRS AMmMMONIUM CITLALE.....coii i 20 g
SOdIUM ACELATE.....coiviiieiee e 50 g
Magnesium Sulfate.......cccovvvviiiiiiiiiee s 01 g
Manganese Sulfate.......coooveiieiiiiiiece e 0.05 g
Dipotassium phoSPRate.......coovvevvieeeeeeeiieee e 20 g
Pancreatic digest of Casein.....cccoccvveevvieeineeiiieeennnn, 100 g
Yeast EXITACT...ciiiiiiiiiece e nas 50 g
Monopotassium phosphate.......c.coevveeiieeeeeeee e 6.0 g
AMmMMONIUM CITTALE.....coii e 20 g
DEXITOSE. ..ottt 200 g
5 LBS Polysorbate 80......cccoviiiiiieieeee e 10 g [87]
Sodium acetate hydrate........ooeevvvvieiiiiieeiieee e 25.0 g
Magnesium sulfate...... .. 975.0 mg
Manganese Sulfate.......cooovviiiiiiiiiece e 012 ¢
Ferrous Sulfate......coooviiiiiiiiiiiccieciece s 34.0 mg
Pancreatic digest of caselN......ccecvviiiiiiiiiee e 50 g
oA 0157 1170) 6 1< RSO UROR 50 g
Beef eXtract...oooiieiiiicee s 50 g
6 M17 Yeast @XITACT couieeeeeee e 25 ¢ | [23]
ASCOrbiC aCieuiiiiniiiiiiiiiiiecee e 05 ¢g
Magnesium sulfate................ ... 025 g
Disodium-B-glycerophosSphate......ccocooviiiviivenenns 19.0 g

* Approximate Formula Per Liter
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Table 8. List of development media for lactic acid bacteria

No. Strain Source Ingredients” Ref
GIUCOSE....ocveeeeeeecee s 50 g
Yeast extract....vvveverennnnn, 10 g
. KoHPOu..uiiiee 025 ¢
« Lactobacillus cdtonal | RELPOL 025 g
1 plantarum Industrial Sodium Citrate....oeeeeereeeenn. 1.0 g [[129]
NCIM 2084 - : MgSOs THoO.....cccve 0.005 g
Microorganisms MnSO4-7H0 ) g
FeSO4-TH20.................. g
Ascorbic acid.......cucuueee. g
Dextrose. . g
Tween 80...cccevvvvvennne g
Ammonium citrate g
* Lactobacillus . Sodium acetate............ g
2 delbruekii ssp. - MgSO4 TH2O....ooeeceeeeene. g | [70]
bulgaricus RR MnNSOueiiiiiiiiieiieins g
KoHPOu4u.ooiiiii g
Yeast nitrogen base g
Bacto casitone........ooeveivinnean g
..................... g
o Lactobacilius | | GIUCOSCus g
fermentum Dairy product | LEASL eXIaACh i g
LDTM CGl g
3 51
L iween QU LU &
* Lactococcus )
%ggi i%)TM PP1 Dairy product B-Glycerophosphate disodium salt
Whey permeate
. Yeast extract....eeeenean
¢ Lactobacillus
4 HOMNOSLS _ $.Weer'1 80t [86]
RW-9595M Hamins
Amino acids
Salts
Corn steep Hquor........cooeeveee. 10 g
. . Debaryomyces hansenii biomass
5 %ggggg&zug B grown in synthetic xylose medium [111]
CECT_288 Mi’iéé;}:-ﬁéé -------------------------------- -
FeSOs4 TH20..oiiiieeeen, 005 g
Wheat bran.......eeeienn, 10 g
Peptone.......ooeeveveeeeeeeeee, 10 g
6 | ° Lactobacillus Starch industry | Yeast extract.....oovvvvvennn, 10 g (03]
amylophilus GV6 waste Tri-ammonium citrate.............. 2g
NaH:PO4-2H20......cucvee 01~1g
Tween 80...cccevvvviviviiiiiiien, 2g
. Whey permeate... 600 g
¢ Pediococcus Fowl
" | aalacit o niesine | Yoot et B |
- 20 -
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No. Strain Source Ingredients” Ref
Table sugar........ccoooevvvevvivinn, 20 g
Yeast peptone standard type F
o Lactobacillus | | s
3 plantarum Pickles Sunsoft Q-17S............. [119]
NRIC 0380 Sodium acetate............
Trisodium citrate
MnSO4-4-5Hz0....ccc o
Commercial
9 |° Carnobacterium samples of [128]
divergens M35 frozen smoked
mussels Di-ammonium citrate............... 2g
Sodium acetate.......ooevvevviivnnns 5¢g
Wheat flour hydrolysate glucose
...................................................... 20 g
SUCTOSE...ovvvveieevieiiriiiiins . 100 g
. Fresh yeast extract.... 333 g
* Lactobacillus
10 Sourdough KoHPOu.o. .. 2 g | [91]
curvatus DPPMAILO Sodium acetate g
Triammonium citrate g
MgSO4uiiiiiiicicci g
MNSOdniceiiiiiiisceesieeieein, g
. . Lettuce b5g
Lactobacillus Potato peels.....ccovveeeeinennne 7.0 g
%%rg%r%%@ Ovine or Cooked meat.......coooevevivernnnas 250 g
11 |, : : Pumpkin peel .. 25.0 g |[103]
Lactobacillus Caprine Tomato 950
rhamnosus 0236 Eggshel-lus”m 195 g
* Lactobacillus sp. 146 e 500 g
Chinese cabbage extract..... 300 g
MaltoSe. .o 20 g
Yeast exXtract...inininnns 25 g
Sodium acetate trihydrate..... 20 g
Tk ]é%ulconostoc citreum Kimchi Disodium hydrogen phosphatg [14]
Sodium CItrate......oovvvvvvvivvirerreenas 8 g
(NHL2SO4.ceevee e 8 g
MgSO4uiiiiiiicicci 04 ¢g
MnSO4huiiiiceiciceein 02 g
* Lactobacillus Sweet whey powder............... 30 g
13 Johnsonii - Yeast extract.....oocoeveeeeeeennn. 30 g | [94]
NRRL B-2178 TNUHN. 10 g

* Approximate Formula Per Liter

* Not shown
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AETE AlE WA= L3 ZtH(Table 9). 152 A ZE wxo] 17
olAe] Aol %EEHo] 9o bacillus mediume L-glutamic acidZ
0.4%(w/v), nutrient medium< beef extractE 0.3%(w/v), tryptic soy medium-
casein® soybhean meal®] Z}7} 1.7%(w/v), 0.3%(w/v) XE3gstt},
o] E& W Bacillus sp.o] &8 R S AHEEE WAE B AFEAA
bacteriocin Atolvt EA4E AAksl7] §13F EA o] AREH IR gt SbARE AL
Kol

7he] @iidAg 2dE ¥3teh oy d FE2 AbdEke] olues JhA2th
. arxg AW A

|l Al o] @RS HebsiAY 54 #F84% Aite]l HASME §13 A9
Hete ofe] 2 o] skok(Table 10). B. subtilis DM-04% 2Z-2]4d v
FIEaAE AAS7] 98 E(imperata cylindrica) 8.9% % maltose 10%, beef
B FHA3 A6l WAR HY ®el-F4¥" B osubtilis NPU

0018 w4 e 53 9% Fv(groundnut oil cake)} casein, ¥H]F 2,
MgSOs& Xgote] dillda| ahrhe HAstslAtHIG. o] Qo 4 #7]
B &5l= Al A4 7FF(shrimp shell powder)S 7|2 o2 &lo] Jyadi =
dds A gzEd g aas st T3] sk Rk o5 FEH2

e} 2440 2o vud 24 RE e

_22_

Collection @ chosun



Table 9. List of commercially available media for Bacillus sp.

No.| Medium Ingredients” Ref
KoHPO. bg
Ferric Ammonium citrate Sg
: MgSO4 D g

1 Bacillus Glycerol.............. 0g [6]
Citric acid..ovveeeieieeeeeeeeeeeeeies 0Og
L-Glutamic acid 0g
. Enzymatic digest of gelatin ......ccoocveeeeeiiiiieeeeee e 5¢g

2 Nutrient Beef extract ..o 3g [89]
Enzymatic digest of casein 70 g
Tryptic Enzymatic digest of soybean meal ......cooevveevieieicieinnns 30 g

3 oy Soditm ChlOTIAE ..eoee e 50 g | [88]
(TSB) Dipotassium phosphate 25 g
DEXIIOSE oviivictieiieciiice st st s bbb sbe b s sn s ns 25 g
Minimal Dipotassium phoSPRALe.....coi it 70 g
medium Monopotassium PhoSPhate.. ... ie e 20 g

4 Davis SOAIUIM CITALE. ..ot 05 g | [21]
without Magnesitum SUITATE......ccovvv i 01g
Dextrose Ammonium SUTATE......cccoii i s 10 g
Beef extract .... . 100 g
Peptone ..... 100 g

5 ATKVISCO | NACL oot s e e ettt ee s s es s e e 50 g |[113]
ACTYIONITIIIE i s 05 ¢g
DEXIIOSE ittt sttt s s s sbs s e srsbs b sbanbenssbssbssnssns snans 25 g
Luria 1410} s S SO 100 g

6 Bertani YEASE EXIIACE w.vieeeeee oot e e ee e 50 g | [9]
(LB) Soditm ChIOTIAE v 100 g

* Approximate Formula Per Liter

_23_
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Table 10. List of developmented media for Bacillus sp.

No. Strain Isolated Ingredients” Ref
Bacillus Hydrolyzed gruel.................. 15 ¢g
1 thuringiensis subsp. Tunisia regions Yeast extract.....ccvvvviveiinnns 5 g |[140]
kurstaki BNS3 Ammonium sulfate............. 54 g
_ Soybean meal..........ocoveennnn. 30 g
2 | * Bacillus sp. L21 Bfealt’fféf”f;;o‘fya Maltose50.... 30~40 g | [129]
Tween 80....... 035 g
Bacillus - Soybean flour.......ccoeeveeennee 25 g
et . Soil, water,
3 zf‘hurlglen.szs var. larvae, Toots of MgClouiiiiinee [105]
israelensis aquatic weeds CaClo...ccoeecirennns
VCRC B-17 MnClo....oeeciecceeceee
Bacillus GlUCOSE...oeeeciececeeeee e
thurigiensis - . Soya bean
4 serovar. kurstaki Tunisia regions Sea Watelu.oivniieieeieens [33]
BNS3
Bacill Imperata cylindrica grass
acillus ot Ao | e s
5 | subtilis DM-04 Soil of Assam | {ioc [96]
Beef extract...ooeeienninnnnn, 10 g
6 | * Lacilius subtilis Soil of Taiwan [16]
.................................................. 30 g
Sardinella peptone.................. lg
Bacillus mojavensis . NaCluooi e 2g
T A% Marine water | gy po, 1g|B7
KoHPOu................ 3 g
CaClo...ccoeeicrennns Og
MgSOu..nenn. 0g
Bacillus Soybean flour.... b g
8 gl(nzaxllo%quefaciens gl?;lcl)ts}gletroemsaéﬁ Rice straw....ovoveenenn.. 4 g [[141]
. Bacillus . Marine sed'iment's %ﬁg}& shell powder........... 1(1) g 3]
alveayuensis CAS 5 of Parangipettai MgSO4-7H:0 05 g
Groundnut oil cake.. .60 g
Bacillus subtilis - Casel..ovveiennn, 572 g
101 GA CAS 8 Ascidian Cabbage leat 573 g | L118]
MgSO4 291 g
- Red oncom powder.............. 10 g
e vop | fermented Tood of | DD SH
fresh red oncom :
NaCluooovieecicieieeesee e 5¢g
. Bacillus mojavensis Tunisia sahara Wheat bran.......een, 62 g (5]
UEB-FK regions 3 g
* Approximate Formula Per Liter
- 24 -
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Table 11. Definition of food additives

Referance Definition
The term “food additives” means materials added to or
Food mixed with foods or materials used for wetting foods in
Sanitation the process of manufacturing, processing or preserving
South Korea ACT foods. In such cases, food additives shall include
Article 2 materials used in sterilizing or disinfecting apparatus,
[63] containers or packages, which may be transmitted to
foods in an indirect manner
Food additive means any substance not normally
consumed as a food by itself and not normally used as a
typical ingredient of the food, whether or not it has
nutritive value, the intentional addition of which to food
CODEX for a technological (including orga_noleptic) purpose in the
STAN manufacture, processing, preparation, treatment, packing,
CODEX 199-1995 packaging, transport or holding of such food results, or
[19] may be reasonably expected to result (directly or
indirectly), in it or 1its by-products becoming a
component of or otherwise affecting the characteristics of
such foods. The term does not include contaminants or
substances added to food for maintaining or improving
nutritional qualities
Any substance the intended use of which results or may
reasonably be expected to result, directly or indirectly, in
its becoming a component Of otherwise affecting the
characteristic of any food (including any substance
USA Fedeérgi(l;l) &C intended for use in producing, manufacturing, packing,
[130] processing, preparing, treating, packaging, transporting, or
holding food; and including any source of radiation
intended for any such use); if such substance is not
GRAS or sanctioned prior to 1958 or otherwise excluded
from the definition of food additives
Any substance not normally consumed as a food in itself
and not normally used as a characteristic ingredient of
Council food whether or not it has nutritive value, the intentional
Directive addition of which to food for a technological purpose in
EU 89/107/EEC the manufacture, processing, preparation, treatment,
[27] packaging, transport or storage of such food results, or
may be reasonably expected to result, in it or its
by-products becoming directly or indirectly a component
of such foods
(i) substances used in or on food in the process of
Food manufacturing food, or (i) substances used for the
Sanitation purpose of processing or preserving food. Consequently,
Japan ACT “food additive” includes both substances remaining in the
Article 4-2 final products, such as food colors and preservatives, and
[48] substances not remaining in the final products, such as

microorganism control agents and filtration aids.

Collection @ chosun

_27_



Table 12. Classification purposes in food additives
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Table 13. List of

synthetic chemical food preservatives

Characteristic

ADI s Spectrum Domestic use criteria
Small .
) 1. Fruit-vegetables beverages
et o s T 06 ol
. Soda
crystals . less than 0.6 g/kg
. . 3. Other beverage, ginseng and red
_ _ White Antifungal/ ginseng beverage
Benzoic acid 50 Antiyeast/ *less than 06 g/k
and its salts ) Characteristic | Antibacterial 4 S o th gk_g d
odor activity - D0V Sauce, other Xill
. less than 0.6 g/kg
. 5. Aloe leaf, health functional food
e
offect More limited to less than 0.25~2.0
decreases g/kg depending on the food type
1. Natural cheese, p;l({)cessed cheese
_ : less than 3.0 g/kg
Neecdrlestsﬁgped 2. Processed meat products, others
¥ / . less than 2.0 g/kg
Antifungal 3. Collagen casings
Sorbic acid 95.0 Colorless Antiyeast/ . less than 0.1 g/kg
and its salts : In alkaline Antibacterial | 4. Salted fish, Soybean paste
conditions the activity . less than 1.0 g/kg
offect 5. Aloe leaf, health /fﬁnctional food
> less than 1.0 g/kg
decreases More limited to less than 0.2~2.0
g/kg depending on the food type
1. Groud product
. less than 5.0 g/kg
2. Molasses
Nonflammable . less than 0.3 g/kg
gas 3. Syrup and others/k
. > less than 0.2 g/kg
Sulfurous acid 07 Colorless Antibacterial | 4. Fruit wine
and its salts : activity " less than 0.35 g/kg _
Odor 5. Fruit juices, concentrated practice
(pungent . less than 0.15 g/kg
smell) 6. Dry fruits
. less than 1.0 g/kg
More limited to less than 0.02~1.0
g/kg depending on the food type
Clear liquid 1. Bread y
.. . * less than 25 g/kg
Propionic acid Unpleasant Antifungal | 2. Natural cheese, processed cheese
and its salts odor activity : less than 3.0 g/kg
3. Jam
Limited range . less than 1.0 g/kg
Crystalline 1. Meat pr(/)ducts, whale meat
. . powder 2007 g/kg
Nitric acid, 02 Antibacterial | 2. Fish sausage
salts : Saltiness activity 1 0.05 g/kg

Limited range

3. Salted cod roe, salted salmon roe
1 0.005 g/kg

* ADI (Accetable Daily intake): mg/kg-body weight(bw)/day
Reference: [62]
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Table 14. Regional designation for synthetic chemical food

preservatives
USA™ JAPAN™ EU™ CODEX™™

Benzoic acid and its salts
Benzoic acid O O O O
Sodium benzoate O O O O
Potassium benzoate - O O O
Calcium benzoate - - O O
Methyl p-hydroxy benzoate - O O O
Ethyl p-hydroxy benzoate O - O O
Sorbic acid and its salts
Sorbic acid O O O O
Potassium sorbate O O O O
Calcium sorbate O O O O
Sulfurous acid and its salts
Sulfur dioxide O O O O
Sodium sulfite O O O O
Sodium bisulfite O O O O
Sodium metabisulfite O O O O
Potassium metabisulfite O O O O
Sodium hydrosulfite O - - -
Propionic acid and its salts
Propionic acid O O O O
Sodium propionate @) @) O O
Calcium propionate @) @) O O
Nitric acid, salts
Sodium nitrate O O O O
Sodium nitrate O O O O
Potassium nitrate O O O O

* USA, FDA food additive status list, Food Chemical CODEX 7t edition, 2010

* JAPAN, Additives existing list item, the list item specified additives, food additives, the
8" edition book fair, 2007

™ EU, Commission regulation (EU) No. 231/2012, Commission regulation (EU) No.
1129/2011, Commission regulation (EU) No. 1925/2006

" CODEX, Class names and the international numbering system for food additives
(CODEX CAC/GL 36-1989), CODEX general standard for food additives (CODEX STAN
192-1995) inventory of processing aids (CODEX CAC/MISC 3)
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Table 15. Derived from microorganisms food preservatives

Origin a8 g . -
e Characteristics Spectrum Domestic use criteria
. - . Natural cheese,
Nism | Decoeous | Wbl | Anibctenal | el chcse
. less than 250 mg/kg
( ) Natural cheese,
Yellowish - processed cheese
Natamvein Streptomyces ‘White, ﬁgﬁ%’fﬁsg . less than 20 mg/kg
¥ natalensis Crystalline activitg The depth of 5mm or
powder ¥ more from the surface
should be not detected
Antibacteri?l/
_ . Streptomyces Pale yellow, Antiyeast, x
e-Polylysine albulus Powder Antifungal
activity

* - Unspecified
Reference: [62]
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Table 16. Derived from plant or animal food preservatives

Characteristics Spectrum Domestic use criteria
Plant origin
High viscosity Antibacterial/
Grapefruit seed extract ﬁnltu}geast/l =
Bitterness niiunga
activity
Brown crystalline Antibacteri’;ﬂ/
. powder Antiyeast, _
Naringin Antifungal
Bitterness activity
S Brown crystalline Antibacterial B
Licorice extract powder activity
Unique odor . . Liquor, snack, bread or
Garden balsam extract Anatlcl%?sﬁerlal rice cake, chocolate, and
Bitterness Y jam
Tea extract Unique odor Antibacterial _
Sensitive to light activity
Unique odor Antiyeast/
Yucca extract Antifungal -
Foaming activity
. Antifungal
Gold leaf Very thin, soft gold Activity
Animal origin
Unique taste
. . Antibacterial B
Milt protein In acidic conditions activity
the effect decreases
Lysozyme White powder Antibacterial B
Odorless activity
- - Antibacterial B
Chitin Unique taste/odor activity
White, pale yellow,
. scaly solid Antibacterial B
Chitosan activity

Unique taste/odor

* - Unspecified
Reference: [62]
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7F. AR Aok Ao AdvbgdE 24

pHE pH meter (pH/Ion 510 bench pH meter; Fisher Science Education,
Pittsburgh, PA, USA)E A}&3le] SAstg o, A4 E AOAC (Association
of official analytical chemists) ®X[4]e] <95t A& 10 mLE #H3std 01 N
NaOH & o =2 pH 83717 A4 ¢ NaOH & Au|zFe=z o3tk

FRO 05T A Axydles, =adwe Kieldahl$[4], &AL soxhlet™d

[4], 23|82 550C A5 slshyldle= F4sttth
. AAdd dAu5eof ddHAuF9 Fd WA

Az FHYE SHL A8 1 mLE #Hde] 045 um syringe filter (Millipore,
Beverly, MA, USA)® o33t % High Performance Liquid Chromatograph
(HPLC) (Dionex ultimate 3000; Sunnyvale, CA, USA)& Al-g&3sle] 4135130}
= 33 FHFE AFESISE 2 columne Sugar-pak (Waters, 300 mmx6.5

mm)< AH&3SH] 05 mL/min®] f& o2 A4S AAsH T
o A ok A S fEobv] =4t 14

Aol Felotvedt 4L AR 1 g F8kel 70% ethanol 30 mLE 718}
, 10027E ®hA skt 1 b A 21(21,000%g, 15 min)3ho]
7} g 7522032 &7 70% ethanol 25 mLZ 2% HHE
Atk o] AAHE HAAEEL thA] 70% ethanol 25 mLE i1 23] F&3
& FHdL &ee rotary vacuum evaporator (Eyela N-1000SW; Tokyo,
Japan)® 55Cstel] et wSste] GAbE A AsIATE ol& 575 30 mLel =
¢l % 045 um syringe filter (Millipore)® o i}3dle] o}n| =it 2E A7)
(L-8800 amino acid analyzer; Hitach, Tokyo, Japan)el| F$isFe] #2935} th.

_39_

Collection @ chosun



A vAdE Aldel &

]_

ofr

AntM| o] 42 Plate Count Agar (PCA; Difco)dl A A=t 2&E HEE 7

Fobdar, el e oidww Az EMA 1(3M, St Paul, MN,

USA)E Abgste H249 g 5 F9d 725 Idsts J=E AlFsta

t}. Staphviococcus aureus® 4L W3HEH7F W E 2 93kAH ¥ A (mannitol

salt agar; Difco)oll A &5 Hehs vetlim FRlo E8d HAste] g+
q

dere Arsgn

zwe %
WA g o8 W & dAny

SRR DEEERRERES

Aste] 100 uLE wsle] W) okshad

(e
=)
—
R
X N
o,
=
)
i
o

O
13] A=elar #<571(HR1861; Philips)&

(DK ¥ 7= 3%; DK medicaD® Z# a1

A Az FAA AdHAANA EA
d

geo w3 5 Ho 9 FAHAA =
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=g
214 A2l eAe MEsdtt (Figure 2). WA #HH 3
AAs7 $13) 12 FFHFE ]85t
&t FFepsior it ThobAl

:

A& Alzxst7] HAste] v A

FES AAsHH. AdHa = A
ol wAR Estelzle FAEE "

g2 7 A" Il A 3
25 T 19 E AAE AT 1AH L
A HFFS 121Tel A 1683 74k E s}
AHEL PJAEP(8,000xg, 25 min, 47C)3s}
Hrjgg 2 HAdHus5S 712 A = o



Samples Washing

collected Weighing Hoce
Check yields F‘acka_glng Cryogenic
Sealing storage
Sterilization foe B Strain
Filters o culture

Figure 2. Optimization of physical process of cabbage waste and salted

cabbage waste
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2, 73715 R, e Aele)

F Rt 2= AFF(http/www.ssalnongbu.com) ZF-H ¢ sl
WE HEss .

HH) 22 7R x| e} Helgu)Fs ]E_HHXM] CSLst #7t+8 v=ds #
7hste] 7het Eatste] GRAS v A=8 HlF w2 AE-SF T

7. NSRS ol 8T FAF A8 WA 24 AW

() A @

B oAge] AMeH fAS AAEFH O EBEY-sAdE e, Lb
plantarum AF1[135,136], Lb. plantarum HDI1[116], Lb. plantarum EMI[18], Leu.
citreum GR1[94], Leu. mesenteroides TA[T9Z & 559 FARTS AREsS T

fsto] -T0TCAA HAsE 25%(w/v) glycerol stocke 5 mL
Man Rogosa and Shape (MRS; Difco, Sparks, MD, USA) 1A w)x]o] 1% F
Foted 30T 24A17F Feb FA wjget =, ohr] TU3 do® A Hjek
sto] I wj gl ARt ol & AEul Aol 2 wj<kstr] Sla Al Fels

AR (10,000%g, 4T, 15 min)ste] A5le AAs L FATL 33 SFFol
FEslo] 1% AFsto] 30TolA 24A2F FA v Falirt. & wjfods BdrE
Q.
[

gl dAH o2 3As & 01 mLE FHsle] MRS sHAWIA|(1.5% agar,
w/v)oll Z=gsk & 30°Col A 482 7F H3k vkt F4E colonyE AlFsHA T
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AN o8 A3 FFole Aspergillus fumigatus ATCC 969182 % Malt
extract Agar (MEA; Difco) @HH|x] 20 mLE @itsle] #Fo] ¥4 1.0x10°
spore/mLE #7}sto] petri dishel] H-o] =23 §& A3 AL&sc}.

A A o2 AL Alit2 Bacillus cereus KCTC 3624% Luria-Bertani (LB;
Difco) @3 Ao 1.0x10° CFU/mL=Z =she] A@o] A&ttt

g 84 ==A L spot-on-the lawn test[44]E AF7]sle] A71d Wi o2 33
N

2 A AMEE axue WFERY Se-sA8" alxT S, Bosubtilis

AEEFE =As7] Yot 70T Bag 25%(w/v) glycerol stocks 5 mL
Tryptic Soy Broth (TSB; Difco) 4] w]=|ol 1% FF3sle] 37CAA 244 7F &
oF e HjSt 5 thA] wUS 2oz A slgste] i Hjge] A&t Tﬂr.
ol & JfdhujA]e] & wi%Fstr]l 98] Aldiujdeds 4R 2](10,000xg, 4T, 15
min)ste] 45 AE AAsIL FATE 37 FHF EEste 1% HFS 3
TCoAAM 24A7F & wjFstivh. & vl e EdFE ol&ste] dAF o 3
Mgk = 01 mLE Fste] TSB A ®| A (1.5% agar, w/v)ol =gk & 37T
A A8AI7E H st wFetal A E colony s AlFsE T

el 4>m

Q) &t &4 54 U
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AN Fo R ARE3 FHoli= Asp. ochraceus PF-2% potato Dextrose Agar
(PDA; Difco) =] 20 mLE Fwate] %o 22 1.0x10° spore/20 mLE
H7Veked petri dishell o] 23 & A3 Ab&stdth AAT o= AR AT
€ B. cereus KCTC 3624% LB -3 u]«o] 1.0x10° CFU/plate® =2slo] 29
of Ah&s}itt.

g FA AL spot-on-the lawn test[44]E AR&3lo] ZA 3 o 33] 9

SAEE Al

rok

(.

2.
=

3

m (

A 2 A AguAcA GRAS WAE A% 0 it
o # 43}

1 b A8 AguA A
R DTEIEEE!

() wade F45

o

el F/HE glucose (Duksan scientific corp, Seoul, Korea), fructose
(Fluka Chemie Gmbh, Buchs, Switzerland), maltose (Sigma, St. Louis, MO,
USA), sucrose (Junsei, Tokyo, Japan)® ZF7} 1.0%, 2.0%, 3.0%, 4.0%, 5.0%7}
A HA7FgE the Eit(autoclave, 121TC, 15 min)dte] AF&&H Tl o9 2o X%

Askell frakata 30CoA 24A2bqt 2 W<k F, Aot It BAE S5
St 44].

(2) Axgel H43)
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tan

L

of HAide T/ H wo g 7o A ddEde] i
Aol F7E tryptone (Duchefa, Haarlem, The Netherlands), malt extract
(Difco), beef extract (Sigma), soytone (Difco), peptone (Difco), yeast extract
(Duchefa), beel powder (Sanmaul food Co. Lid., Seoul, Korea), chicken
powder (Hon-dashi, Ainomoto, Japan), fish sauce (FA Y 7hva] AA; A
=y AHokA], gl g 247 1.0%, 2.0%7F S A Hr e e Eit(autoclave,
121C, 15 min)ste] ARESFATE o] & &L 7 ste] FAbd-g 30Tl 244%F

S B oA 5, Aot e FAdS S48 361

(3) 7749 H5

Aol @A A% 9 g 4e 99 A9Nzas 4487 99
of Br19e FF 9 wmel ol@ e 44U FLAe] BNFL AT
T7199 /=2 A, B, C, D, E A+EE 0.006%5H 05%7F=] thst sx= 3

7Fsk b2 Hif(autoclave, 1217C, 15 min)ste] AR&3} T o]
FAES: 30Tl ] 24X 7HEQ 2 wjek & AFS

ERL kN CIEEE

FFeel FAsd A2 pHE 5 N HCI# 5 N NaOH®E x4sto] pH 4.0,
50, 6.0, 7.0, 802% ZxHste] Aottt o]ef &2 Xxstel] FAbdE 30T
A 2AMZEERE 2 il F, Aot & 2de SA S TH156]

WA el GFAs W pHel HHsh 4y AEye AFHoE A4d 9
|
4

2 pH 23] WY 2% % A%

)
o
Y
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)

2.
=

1

Z}

[e]

7hek v

=g

=]

9] F5F+ glucose, fructose, maltose, sucrose® 7}

4.0%, 5.0%7F = A
(2) Axde FH45
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A THBO0I.
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S EE!

R
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9] FFT tryptone, malt extract, beef extract, soytone, peptone, yeast

extract, beef powder, chicken powder® Z+ZF 1.0%, 2.0%7} %7

H 1t (autoclave, 121°C, 15 min)
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7}k vt} "Wit(autoclave, 121C, 15 min)sle] Ab&3tE . xS 37TCA
247 e Fet & At o) st 848 S 8 THROI.

v g pHel H A3

N

Wl 9] pHo| We AR5e i@y ANHE 98 Jede] AHnw
A% 5 N HCIZ 5 N NaOHZ AHg-3ke] pH 50, 60, 7.0, 80, 9.022 2433
o pll 23 wAel nEES 1% AEeke] 3TCOIAH 2447 A el
o) % Aol i B4 S0l

jus)
=

1_,

oo g 2% R A H A

AH e WA TEAS 1% PESh] 30T 37T 747 0~48A 7H5 et
Agu st 647 1A os Aatrs i 2L SAFAC

A 3A AAIAEADS o] g3 AEAHLIE T
1. v R|o m& HAAgGHd =4l AAA
7}. pH <tAA

ey Aloll A BAbE drEde] pH S dotrR 7] ffste] fAakd 2 oA
Zqte] WgdAdds 5 N HCIE 5 N NaOHE AH&3le] pH 3.0, 4.0, 5.0, 6.0,
7.0, 80, 9.0, 10. ZAsFal 37CoA 247 A28k ). pH-renaturation 24

] 5 N HCIZ 5 N NaOHE A}-&314
AP frabd Ze azdo] Wik A% wjged pH=E A skl 37T AT 2417F
Aelstautt. AR s24dxT & 3x

ARESF T

FRyol %o @ B2 SAG=0

4
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2t d REEde LE 4L Lolns] $e
alzte] WS e 4T, 30T, 37T, 50T, 70T A 2443t
1 = J

o § @i e SASAT

r\l
—_
-]

t

] A | A BAEE e EEe] T4 S Lolry] flste] ohee Za
E #H]8FET Proteinase K(EC 3.4.21.64, Sigma), protease(type I, Sigma),
trypsin(EC 3.4.21.4, Sigma), a-chymotrypsin(EC 2.4.21.1, type I-S, Sigma)<
50 mM Tris—HCl], 10 mM CaClz buffer (pH 7.5)°l, pepsin(EC 3.4.23.1, Sigma)
< 50 mM citrate buffer (pH 2.0)9l, lipase(EC 3.1.1.3, type VI, Sigma)T 50
mM Tris-HCl, 10 mM CaCl; buffer (pH 7.0)¢l, a-amylase(EC 3.2.1.1, type VI,
Sigma)v 50 mM sodium phosphate, 10 mM NaCl buffer (pH 7.0) 20
mg/mLe =2 FHe T Ao TAES 2 mg/mle =& 37T
ol A1 6AIZE A Elgk ¥ 100ToA] 5iF B E4hE B3t A7 3 &4
2 SAsIAT dxTEE AFEAdd 24 A S dE AbEstd AE T

T xdo® Azt ¥ i 4L SHsIATH

2. 71 AAREA 9 3t A v

7F. 715 Ad nEA

rir

71E0 HEREAE AMEHE AAREAS WHE FH(95%, TS

A 5|AL Mg, e RE), AeEAFEE(DF-100; ol ZolelW=, F7% it

/\] qewl=), F7h5%=(Biokeeper NE; Qo =of Zolo], 47w A, thgh
=), AdEE@EA2EE, 4% kAl @) e ARg skt (Table 17).
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Table 17. Natural preservatives used in this study

Preservatives Characteristics and standards

- Food additive

- Use the FDA recommended amount: max 0.08%
- Strong bitter

- Characteristic odor

- Low pH, high viscosity

- Food additive
- Use the FDA recommended amount
> max 0.025% (Limited to apply to foods)
- Broad antimicrobial activity
- Derived from a microorganism
. Streptomyces albulus

- Liquor Tax
- Ethanol Fermentation 95%
- The actual ratio is the most widely used

preservatives in non-thermal processed food
- About 1~3% is added to the food

Ethyl alcohol

- Mixed formulation
- Grapefruit seed extract + Ethyl alcohol

o

3@% - Approximately 2-3% of the raw materials and
i supplementary materials added when directly

— added to food

Cleancohol

Reference: [62]
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I TR e e e

N

B

te] A F BEAE

o 3lAste] AFsATE AT
I, &%, Aletel dig - 248 S5 tHTable 18). 3 &4 =4
spot-on—the lawn test[44]2 }7]8}o] 24

AT

of uk o\
o o oo du &Y
fo ©

>
ofr

A& &% (Minimal Inhibition Concentration; MIC) test

= =
Aol Aaele FHEA AFEF 4 FAwe] dF FaAe FEE S

2T EEL FArel 4 ulddd ) 830 mLE SPE (Isolute, Cis EC, 10 g;
International Sorbent Technology Ltd. Hengoed, UK)dl &28}la2 10 mL ACN
(aqueous acetonitrile; HPLC grade, Fisher) 2.2 &%&3le] o]|& A& AXSI L
AExgre] 49 A 100 mLE Sep-pak (Cis cartridge, Waters, MA,
USA)] &2ste] 10 mL MeOH (methanol; HPLC grade, Fisher)® £%3}o]
o] & & Axste] Aottt oA FrldE FHEE AEE FHo] 55

o
ol "z A w25 ZA s tHTable 18).

2

At 7F, &
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Table 18. List of microorganism used in antimicrobial activity

Group Strain Medium” tIerrlgggfzftiS?e
Aspergillus flavus ATCC 22546 MEA 30C
Aspergillus ochraceus PF-2 PDA 30T

Mold | Aspergillus fumigatus ATCC 96918 MEA 30C
Aspergillus nidulans PF-3 MEA 30T
Penicillium roqueforti ATCC 10110 PDA 25T
Salmonella enterica serovar Typhi ATCC 19430 LB 37C
Staphylococcus aureus ATCC 29213 LB 37C
Bacillus cereus KCTC 3624 LB 37C

Bacterial E. coli O157:H7 ATCC 4389 LB 37C
Vibrio parahaemolyticus ATCC 17802 2%N§;Cl 37C
Pseudomonas aeruginosa ATCC 27853 LB 37C
Micrococcus luteus ATCC 13513 LB 37C

Yeast | Pichia kudriavzevii DY1 YPD 25T

* MEA; Malt extract agar, PDA; Potato dextrose agar, LB; Luria-Bertani medium, NA;
Nutrient agar

_5‘]_
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Table 19. Microorganism and cultural conditions used in this study

. . Incubation
Strain Medium e
Salmonella spp. MacConkey agar 35~37C

Staphylococcus aureus

Mannitol salt agar with egg a7
volk 35~37C

Vibrio parahaemolyticus

Thiosulfate citrate bile salt a7
sucrose agar 3o~37C

Listeria monocytogenes

Oxford agar 30C

5-bromo-4-chloro-3indolyl-B-

Enterohemorrhagic Escherichia coli D-glucuronide agar 35~37C
Campylobacter jejuni/colii Modified ca;rgi)éf blood free 42C
Yersinia enterocolitica MacConkey agar 30C

Bacillus cereus

Mannitol egg yolk polymyxin 30T

agar

; 3M petrifilm Coliform Count .
Coliform . 35°C
E coli 3M petrifilm E. coli 35°C

Count Plate

Collection @ chosun
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LEL N

s ok Fa ¥ LR

10%(Salmonella spp., Staphylococcus aureus, Vibrio para-

weH66] &
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haemolyticus, Listeria monocyvtogenes, Enterohemorrhagic FEscherichia coli,
Campylobacter jejuni/colii, Yersinia enterocolitica, Bacillus cereus, Coliform, E.
coli)®] AlFE AEMAE o]&ote] AFT=ro T FEE 4B tHTable

19).
0 AdgTEde A% 44 5 A4

AP $A G AT EA2 L plantarum AF19] 78] =] () w) 5=
= v x]) WA NG [h plantarum AF19] MRS #j A a8 1 3 5%(v/w)

Hzre FAYTY A& AAREA] AZEAFE

i
£ 0.03%(v/w) H7F¢ f7haEE 02%(v/w) H7Fste] A3E sk

o Al AbeE AES Ax AF Hed ASEeR, GDEREH A
of

o} 4C, 15C, 37CelM AAsrh A4ze] Algs HAFAEd e VERE

of W olsetd B4,

7F. ARkl ;E 54 FA}
(1) olgtsts 54 A
A& 25 g8 FHste EEF 225 mLE 713 % mixer (EYELA cute mixer

CM-1000; Tokyo Rikakikai Co., Tokyo, Japan)Z o]&3] @3} Azl & €
ZholAl 2= o33 the oo g pHe Ak, G dxE SA
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AUl VAR B4 2 QUi &R, Bgeld Mg 2de 44
sk dunAEe 3 PCANAR Agstaod awel 4 YPDuA,

=z

CAFEEE/RAE BAE 2 AA #R

of

57

HN

AN eV I « )

Az U AS5ae] SRS dolry] $la8)] AFUvte] gt
A wEH66] & 105 (Salmonella spp., S. aureus, V. parahaemolyticus,
monocytogenes, Enterohemorrhagic E. coli, C. jejuni/colii, Y. enterocolitica,
cereus, Coliform, E. coli)®] <S5 HAHA|R]E o]&slo] AFEde] Ao

5 A9 Bt (Table 19).

0. AddEEde) 44 4 FE 4%
A5 B subtilis SN79 7Iu|x](dd#AnlF5 vl =) wjFdd Az B

subtilis SN72] TSB wjeFdA A2 1, 3 5%(v/w)7’l =& #7852

i
2 FATSE 7€ AAREA] FEFA0%, WA A F A3 AD

2.5%(v/w) H7H7E A&
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LHER AT
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Table 20. Properties

of collected chinese cabbage wastes

Spring Summer Fall Winter
A A B c
Salinity (%) 0.65+0.01 0.64+0.02 0.66+0.03 0.54+0.02 0.67+0.01 0.65+0.04
Sweetness(brix) 3.98+0.09 3.69+0.10 4.02+0.20 4.01+0.15 4.10+0.10 5.36+0.15
pH 6.16+0.03 6.13+0.02 6.12+0.02 6.10+0.01 5.95+0.02 6.12+0.01
Acidity (%) 0.12+0.01 0.11+0.03 0.11+0.04 0.15+0.01 0.16+0.01 0.13+0.02
Moisture(%) 97.61 98.38 97.56 97.75 97.04 95.64
Crude protein(%) 0.58 0.73 0.64 0.50 0.61 0.68
Crude fat(g/100 mlL.) 0.01 0.01 0.01 0.01 0.02 0.01
Ash(g/100 mL) 0.39 0.62 0.49 0.47 0.45 0.45
* A! from large company
* B: from small & medium-sized enterprises
** C: from home
All values were mean *SD. (n=3)
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Table 21. Properties

of collected salted chinese cabbage wastes

Spring Summer Fall Winter
A A B c
Salinity (%) 3.200.40 3.50+0.60 3.01+£0.51 3.27+0.15 2.49+0.06 2.57+0.02
Sweetness(brix) 10.30£0.05 8.06+0.13 9.16+0.20 9.33+£0.21 6.93+0.15 8.47+0.06
pH 5.71+0.03 5.68+0.05 5.70+0.06 5.79+0.02 5.76+0.04 5.84+0.07
Acidity (%) 0.21+0.01 0.22+0.02 0.20+0.03 0.18+£0.01 0.21+0.01 0.20+0.02
Moisture(%) 90.46 93.83 92.50 92.55 94.60 92.94
Crude protein(%) 0.88 0.79 0.82 0.87 0.72 0.93
Crude fat(g/100 mlL.) 0.05 0.05 0.04 0.04 0.03 0.04
Ash(g/100 mL) 2.32 3.82 3.45 3.99 2.38 2.54
* A! from large company
* B: from small & medium-sized enterprises
** C: from home
All values were mean *SD. (n=3)
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e

(2) Add HAnjsoF A<

)

Hj o] frefd 4

HulF f2led &% 24 A3 (Table 22), A& 339 Alg9 B3 oF,
7heo A" AR BT glucose(9,628.69~6,666.54 mg/L)e] o] 7hg A
el or 1t fructose(4,863.69~7,963.73 mg/L)9t sucrose(0.00~178.28
mg/L)c s AEHIJT Folg 5FolM Y FEld 24 AFdolMes 5 w5
% E5 glucose®} fructose¥te] HA=&H o 2 0.99~1.23%, 0.83~1.08% =
e TH77]. el ‘T FE5Y FElY B4 23, glucose$t fructose,
sucrose’} A=HY o 2T AR F w39 glucose =T fructose o] 0
d o]% Hultoz fhaisle] o] 60YUZE H|=d FEE fAISHATHLSL
Hong[42]¢] A7-eA % wl5& 4C A4 shH F shF wsh

A7 2+ e
2 Ay A3 glucose®t fructose, sucrose SFEo] =LA zlo] Vx| E= Zlo

_

[«

A% B

2 UETh
A S F2 gdF 24 A3 (Table 22), HHlFeF w742 A-E,
FAGLE AR BF glucose(12,822.78~17,22256 mg/L)el o] 71F &

VERSE S fructose(9,103.91~15,256.79 mg/L)¢t sucrose(101.53~1,684.90 mg/L.)
E5 BT ARdA AEH ol AuEEnc the B %) §UT ¢
olub Al AT G WA feF G VKA Esh= Foly] wFe] GRAS
WAEE WS HEY] Sla Bade nEel Bad Ao Amdth
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Table 22. Free sugar contents of cabbage wastes (CW) and salted cabbage wastes (SCW)

unit: mg/L
CwW Spring Summer Fall Winter
Sugar A" A B™ c™
Glucose 6,705.50 6,666.54 9,107.23 7977.28 8,756.50 9,628.69
Fructose 6,901.14 5912.78 7,687.53 7,963.73 4,863.69 6,090.05
Sucrose 108.25 178.28 136.06 0.00 101.53 0.00
Total 13,714.89 12,757.60 17,097.65 15,941.01 13,721.72 15,718.74
SCW Spring Summer Fall Winter
Sugar A" A B™ c™
Glucose 13,636.37 17,026.12 16,062.72 17,222.56 12,822.78 16,099.33
Fructose 11,299.05 12,472,777 13,654.07 15,266.79 9,103.91 12,435.94
Sucrose 776,95 848.02 1,684.90 1,630.57 101.53 302.25
Total 25,712.37 30,346.91 31,615.02 34,109.92 22,028.22 28,837.52

* A from large company

* B: from small & medium-sized enterprises

kEE

C: from home
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(3) A duel AlAFe] felohul it B4

HuFo] falofu] Al g2 B4 Ai(Table 23), aspartic acid(1,026.575~
3,252.300 mg/L), glutamine(1,710.475~4,834.768 mg/L), alanine(1,260.490~
4,275.888 mg/L)¥} arginine(1,206.355~5,057.018 mg/L)°o] & Al &4 v 7
FHRon 1 9 v felopr|mite] HEHQTh S5 5T (K-9k¢, wi ¥,
A, wuted, 2% 59 felotulxmAb B4 Ao wEW serine(12.46~
22.86 mg%)¥ glutamic acid(16.34~29.49 mg%), alanine(35.41~59.91 mg2%)2]
stuko]l =A velykerm 1 9] valine, arginine 59 &3 ¥tk Hongl42]¢] <
Fo wE AlFe] F£Q Folr|wmAbe alanine, glutamic acid, proline,
threonine2 & 4C 47§1€7Fe] A7 st & W7 gle A2 Vet

AlHn g flotv At &8 4 A3N(Table 24), threonine(1,364.165~
3,638481 mg/L), serine(1,991.810~4,205.037 mg/L), glutamine(1,668.005~
8,624.893 mg/L), alanine(6,064.405~9,121.405 mg/L), valine(1,481.920~ 3,859.920
mg/L), leucine(1,254.275~2965.725 mg/L), phenylalanine(1,101.295~2,212.672
mg/L), Y-aminobutyric acid(1,740.143~11,910.800 mg/L), lysine(1,091.960~
2765481 mg/L), arginine(2,848.930~6,112.563 mg/L)2] o] EE Al R oA
7 =4 veEbst e v fElotu|edte] HEES Felstdth Liml83]19
AFo] wEm HoWjFel FQ oln|wAlS serine, glutamic acid, alanine,

HolFh

il

valine, arginine 5 2% H]=3%F A3}
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Table 23. Free amino acid contents of cabbage waste

unit: mg/L
Spring ‘ Summer ‘ Fall Winter

A A B c
p-Ser 0.000 289.766 180.488 9.625 230.775 211.015
Tau 0.000 0.000 0.000 32.925 71.810 107.230
PEA 105.862 114.010 0.000 0.000 0.000 143.265
Urea 2,686.215 3,041.434 1,689.860 614.995 1,028.045 3,262.300
Asp 3,169.430 2,067974 3,600.618 1,605.530 1,026.575 1,843,650
Thr 1,409.368 1,493.904 9566.035 744 568.065 770945
Ser 2,257.963 1,715.102 1,602.913 861.275 543.905 1,077.3056
Glu 4,834.768 3,713.140 1,892.828 3,453.870 2,849.135 1,710475
Sar 0.000 22244 42.073 0.000 0.000 0.000
a-AAA 0.000 93.050 42135 0.000 42.390 63.930
Gly 362.527 392544 516.025 268.200 190.975 018745
Ala 4,275.883 2,992316 2,665.583 1,484.935 1,260.490 1,936.950
Cit 0.000 0.000 0.000 0.000 26910 5.350
Val 2,009.180 1,613.956 1,421.795 523.450 803.390 1,161.545
Cys 0.000 0.000 0.000 0.000 187.375 377570
Met 167.035 158.320 388.590 249.060 131.110 490.455
Cysthi 0.000 0.000 0.000 0.000 0.000 0.000
Ile 821.205 562.138 632.943 367.300 284.755 678.540
Leu 399.59 363.390 847.642 413.080 432.335 1,109.700
Tyr 288.5622 451.436 630.843 223925 288310 613.440
Phe 1,143.033 1,402.952 839.318 370.900 524.210 922620
B-Ala 20.565 24.330 131.735 4385 114780 130.345
B-AiBA 0.000 20468 233.810 0.000 152.500 210175
¥y-ABA 149.310 1,436.622 1,731.988 518.020 1,395.630 4,607.550
EOHNHZ 369.750 296.988 434.645 345.940 383.140 548.490
NH3 1,196.953 1,733.990 1377.348 793.130 834.160 549415
Hylys 0.000 0.000 0.000 0.000 0.000 0.000
Orm 33.245 116.378 61.108 3.995 33.880 56.035
Lys 468.287 530.750 1,015.255 438.030 519.945 1,018.910
1Methis 75.220 0.000 37.363 0.000 0.000 0.000
His 543.810 608.376 286.485 186.760 154.150 189.115
Arg 5,057.018 4,049.108 2,007.570 2,793.575 1,418.665 1,206.355
Total 31,834.750]  29,345220] 25919.900] 16,396.305| 15496410 25515.920

* A! from large company
" B: from small & medium-sized enterprises

EETS

C: from home

Collection @ chosun
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Table 24. Free amino acid contents of salted cabbage waste

unit: mg/L
Spring ‘ Summer ‘ Fall Winter

A A B c
p-Ser 195.960 511.386 173.755 172215 182.795 277.050
Tau 112.282 0.000 86.978 154.365 100.350 271535
PEA 175.897 111.564 0.000 119.665 169.835 362.160
Urea 2,835.510 5,018.793 3,679.378 3,078.39% 2,989.970 5,947.840
Asp 867.502 1,453.605 2,120.358 1,491.965 1,183.285 2,907575
Thr 2,032.160 3,6368.481 1,920.805 1,585.350 1,364.165 1,672.855
Ser 3,068.293 4,205.037 2,863.813 2,223.965 1,991.810 3,662.590
Glu 8,624.893 1,931.757 3,813.920 1,665.005 1,944.665 4,241.490
Sar 30.442 96.500 0.000 0.000 0.000 127.390
a-AAA 123.482 93.852 76.938 67.230 39.740 90.985
Gly 677815 1,604.101 902.883 1,042.230 772.885 878.350
Ala 9,121.405 8,873.559 6,457.925 6,064.405 6,585.535 9,620.490
Cit 0.000 0.000 0.000 0.000 0.000 16.005
Val 2,023115 3,809.920 2,807.093 1,481.920 1,740.240 1,909.765
Cys 0.000 0.000 0.000 0.000 0.000 405.700
Met 367.320 879.789 419.200 516.19 456.060 564.825
Cysthi 0.000 0.000 0.000 0.000 0.000 0.000
Ile 1,108.788 2,174307 1,468.590 1,125.585 996.730 1,432.595
Leu 1,258.740 2,965.725 1,568.588 1,644.310 1,254.275 1,683.460
Tyr 648.205 1,838.997 923.078 1,005.530 805.700 1,010575
Phe 1,303.610 2,212672 1,459.383 1,304.140 1,101.295 1,455,630
B-Ala 173.467 324.207 169.198 292.640 168.885 337315
B-AiBA 343.325 40848 201.435 267.140 171725 286.300
¥y-ABA 1,740.143)  11,901.800 5,745.645 7,453.430 5,346.150 7,989.165
EOHNH2 647.165 903.327 522.585 709.560 565.485 877.685
NH3 823.092 2,119.785 1,462.690 1714735 1,791.540 2,030.780
Hylys 0.000 0.000 0.000 0.000 0.000 0.000
Orm 48.907 278142 110.690 59.100 36.005 64.105
Lys 1,091.960 2,760.481 1,324.415 1,666.975 1,267.895 1,764.030
1Methis 136.817 0.000 83.380 25680 31.885 24505
His 473.252 1,022.220 802.220 o67.725 407.99 594315
Arg 3,750.765 6,112.563 4,755.483 2,999.765 2,848.930 4,453.690
Total 44,302.3200  67,308120 45920430  40,986.220| 36,230.830] 56,941.255

* A! from large company
" B: from small & medium-sized enterprises

EETS

C: from home

Collection @ chosun
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Table 25. Sanitary

indicative bacteria detected from cabbage wastes (CW) and salted cabbage waste (SCW)

unit: CFU/mL
. Spring Summer Fall Winter
A A B e
Total viable cell 3.9x10° 5.4x10° 45%10° 7.4x10° 2.5x10° 8.4x10°
E. coli 2.7x10° 6.3x10° 3.0x10° 1.0x10° 6.0x10° 1.8x10°
Staphylococcus sp. 9.0x10” 9.8x10” 7.1x107 6.0x10” 1.9x10° 2.4x10°
Coliform bacteria 1.2x10" 5.6x10" 5.0x10° 1.9x10° 25%10 4.2x10°
Yeast N.D 5.0x10” 1.0x10° 2.0x10” 1.0x10” 2.0x10"
Spring Summer Fall Winter
SCW A* A B** C***
Total viable cell 4.2x10° 4.0x10° 3.4x10° 7.4x10° 5.1x10° 3.4x10°
E. coli 2.3x10° 4.2x10° 1.7x10° 1.0x10° 3.0x10* 2.9x10*
Staphylococcus sp. 5.0x10 2.9x10" 3.8x10° 6.0x10 2.4x10° 1.1x10°
Coliform bacteria 2.0x10° 2.6x10° 4.2x10° 1.9x10° 4.0x10* 2.5x10*
Yeast 1.0x10 2.0x10" 1.0x10° 2.0x10 4,010 1.0x10°
N.D : not detected
- b6 -
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S,

I35 YACW media A)Z #HulF5 34 H(20%, CW media A-1)lA]
A 5% (Lb. plantarum AF1, HD1, EM3} Leu citreum GR1, Leu.
mesenteroides TA)S A 2 gt &L FAs9h AaF 54 2479
(Table 26), Lb. plantarum AF19] 7Z-%-, #Hullas A g4 gox 22+ 701
log CFU/mL, 745 log CFU/mL®] A+#5E YebWAal Lb. plantarum HD12]
%, 756 log CFU/mL, 751 log CFU/mL, Lb. plantarum EM<e] 7--, 7.06 log
CFU/mL, 7.25 log CFU/mLe] A5 JelHAY. Lew citreum GR13} Lew.
mesenteroides TA T3 ¢F 700 log CFU/mLe Aoz fi 3]4 o of 4] 9
A 54 43 & Zot s st £F A 2 FaFel 24
2 AT 2 A AF £ Zdo] FdA dEbEE gttt ol ¥
o) 34 A3 o Ao e 9 dkgo] @do] TUsHA vERE
o872 HHFE 34 NCW media A-1)2 7|2 W)« & A4 s}
A5 £ YA(SCW media B)2F 314 9(20%, SCW media B-1)&
Abgste] Atk 5F e A 9 g @4E SA-sIAnh Adr A A
(Table 26), Lb. plantarum AF1<& 7} g oA 873 log CFU/mL, 853
log CFU/mLE Yetwl o b plantarum HD12 837 log CFU/mL, 871 log
CFU/mL<, Lb. plantarum EM=2 875 log CFU/mL, 866 log CFU/mLE &}
WA Lew citreumn GR19 %, €3} Aol 2% 703 log CFUmMLE
BV 5L, Lew. mesenteroides TAS 7%, 751 log CFU/mL, 7.55 log CFU/mL
E Ve A 2 gerge] &4 54 23, Lb. plantarum HD12- A<
HujgE doF s|A o] mRol A Hd A Z4(160 AU/mL) S WERA S
W, Lb. plantarum AF13 EM, Leu. citreum GR13} Leu mesenteroides TAT
Hez sy elolxfe] Falat 9 o] &Ao] sUshA vEbstth whebs A
A EEY A A3 5o Adget AT B FEFol 2o FdeA v
Elgdo g ddHnFE 34 A(SCW media B-1)& 7]& WX 2 A3 50
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Table 26. Effect of concentration of cabbage waste juice (CW media) or salted cabbage waste juice (SCW

media) on viable cell count and antimicrobial activity of LAB

| AF1 | HD1 | EM | GR1 | TA
Viable cell number (log CFU/mL)
CW media A 7.01x0.40 7.56£0.38 7.06£0.10 6.96x0.12 7.012£0.08
CW media A-1 7.45x0.04 7.51x0.19 7.2520.07 7.02+0.11 7.05£0.12
SCW media B 8.73x0.20 8.38x0.23 8.75=0.11 7.03+£0.09 7.51£0.20
SCW media B-1 8.53x0.04 8.71£0.22 8.66x0.06 7.03£0.07 75520.21
Control (MRS) 9.34=0.07 9.29+0.20 9.30+0.08 9.74£0.07 9.70+0.02
Antibacterial activity (AU/mL)
CW media A 80 80 80 4 4
CW media A-1 80 80 80 4 4
SCW media B 80 160 80 4 4
SCW media B-1 80 160 80 4 4
Control (MRS) 160 160 160 32 32
Antifungal activity (AU/mL)
CW media A 20 20 20 4 4
CW media A-1 20 20 20 4 4
SCW media B 20 20 20 4 4
SCW media B-1 20 20 20 4 4
Control (MRS) 640 640 640 32 32

AF1: Lb. plantarum AF1, HD1: Lb. plantarum HD1, EM: Lb. plantarum EM, GR1: Leu. citreum GR1, TA: Leu. mesenteroides TA
CW media A: 100% cabbage waste juice, CW media A-1: 20% cabbage waste juice

SCW meda B: 100% salted cabbage waste juice, SCW media B-1: 20% cabbage waste juice

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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A 55 71 28 AHCW media A-Doll S5 AAMCSL)E 0.0~25%(w/v)
H7Vste] AT 5% Ay R A} @S FAsdrh CSL 10~
25%(w/v) FH7VA Lb. plantarum AF1, HD1, EM<e] A#57F ¢F 70 log
CFU/mLel Al ¢F 80 log CFU/mL=E Z715t35 o dhA - &4 9 sargo] &
A ®EFE 160 AU/mL, 40 AU/mLE H7bdrch 28 A58t Lew citreum
GR1e| Axt=ret o] 42 Hr A3 5 W) gllon dAd 42
0.5% ol H7FA 8 AU/mL=E #H7bA Bl 28] A3t th. Lew. mesenteroides
TA® At 1.0% ol H7FFolA ¢k 1 log CFU/mL <F7}stglem A+t
2@ AU/mL) 53k 28] F7kstd th(Table 27). ool CSL 1% 713 wlA&
HE) =5 #lA A-2 (CW media A-2)2 X143} ).

A Hn 55 7138 A (SCW media B-1)o] CSLE 99} sdgt o=z 7}
sto] Ak 5Fe A R A A4S SAHSHATE Table 287 o] L
plantarum AF1, HD1, EM®} Lew. citreum GR19 Air<Fo = & W37} §lle
™ Leu mesenteroides TAS] 735 0.5% oA HI7FFoA 2 8 log CFU/mL=
Z71eke gl Al FA4L Lb. plantarum AF1, EM, Leu. citreum
GR13%} Leu. mesenteroides TA EF 1.0% o H7FFA 2b2; 28] S7FskS
t}. gtrsgol Al A A3 [b. plantarum AF1, HD1, EM2 1.0% o]4te] =
ZFol Al An) o] Frbeal 1 9] 2% fAbT S HUEAH wdg SUbE
Yep ek ofel Al HlFF wlAl A CSL 1% H7He s A& 2S5
< #lA B-2 (SCW media B-2)2 214 3s}A ).

std HulF5 7] EHA(CW media A-DIF ZAAdHAAFE 7] Z2HX(SCW
media B-1)ol] &7}

A8 =3 A3KTable 29, 30), B2 4

d
o]

Hlgo] FH-ste] 7

Ahn[2]¢] <d7to] wEw vk EE A &

@ Lb. fermentum LDTM CGl13 Le lactis ssp. lactise 232y 10.77% 3.5%

CSL a74& veullen o= Ate] AaEs A= &7 ooz Ao

¢ tEo] Ft A4S HUE 7] 9T B A8 Ao Fio] stk
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Table 27. Effect of corn steep liquor on viable cell count and antimicrobial activity of LAB grown in CW

media A-1
| AF1 | HD1 | EM | GR1 | TA

Viable cell number (log CFU/mL)
Corn steep liquor 0.0% 7.45x0.04 7.51+0.19 7.25£0.07 7.02+0.11 7.05+0.12
Corn steep liquor 0.5% 7.62+0.21 7.66+0.37 7.82£0.56 7.11x0.23 7.62+0.21
Corn steep liquor 1.0% 8.28+0.23 8.01+0.40 8.3220.41 7.32+0.16 8.28+0.23
Corn steep liquor 1.5% 8.13x0.18 8.05+0.11 8.37£0.67 7.11x0.20 8.13+0.18
Corn steep liquor 2.0% 8.44+0.21 8.11+0.12 8.49£0.49 6.98+0.03 8.44+0.21
Corn steep liquor 2.5% 8.40+0.44 8.19+0.19 8.65£0.56 6.88+0.03 8.40+0.44
Antibacterial activity (AU/mL)
Corn steep liquor 0.0% 80 160 80 4 4
Corn steep liquor 0.5% 80 160 160 4 4
Corn steep liquor 1.0% 160 160 160 8 8
Corn steep liquor 1.5% 160 160 160 8 8
Corn steep liquor 2.0% 160 160 160 8 8
Corn steep liquor 2.5% 160 160 160 8 8
Antifungal activity (AU/mL)
Corn steep liquor 0.0% 20 20 20 4 4
Corn steep liquor 0.5% 20 20 20 4 4
Corn steep liquor 1.0% 40 40 40 4 4
Corn steep liquor 1.5% 40 40 40 4 4
Corn steep liquor 2.0% 40 40 40 4 4
Corn steep liquor 2.5% 40 40 40 4 4

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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Table 28. Effect of corn steep liquor on viable cell count and antimicrobial activity of LAB grown in SCW

media B-1
| AF1 | HD1 | EM | GR1 | TA

Viable cell number (log CFU/mL)
Corn steep liquor 0.0% 8.35+0.04 8.71x0.22 8.66x0.06 7.01+0.06 7.7420.01
Corn steep liquor 0.5% 8.38+0.31 8.64+0.28 8.75£0.10 7.38x0.02 8.19+0.01
Corn steep liquor 1.0% 8.73x0.07 8.656+0.14 8.88£0.06 7.74x0.04 8.36x0.05
Corn steep liquor 1.5% 8.43+0.28 8.57+0.32 8.62£0.26 7.70=0.06 8.34x0.05
Corn steep liquor 2.0% 8.43+0.21 8.58+0.32 8.69£0.27 7.51+0.03 8.16x0.11
Corn steep liquor 2.5% 8.38+0.20 8.41+0.35 8.50£0.27 7.51+0.01 8.13+0.05
Antibacterial activity (AU/mL)
Corn steep liquor 0.0% 30 160 80 4 4
Corn steep liquor 0.5% 160 160 80 4 4
Corn steep liquor 1.0% 160 160 160 8 8
Corn steep liquor 1.5% 160 160 160 8 8
Corn steep liquor 2.0% 160 160 160 8 8
Corn steep liquor 2.5% 160 160 160 8 8
Antifungal activity (AU/mL)
Corn steep liquor 0.0% 20 20 20 4 4
Corn steep liquor 0.5% 40 40 80 4 4
Corn steep liquor 1.0% 80 80 160 4 4
Corn steep liquor 1.5% 80 80 160 4 4
Corn steep liquor 2.0% 80 80 160 4 4
Corn steep liquor 2.5% 30 30 160 4 4

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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Table 29. Effect of rice power on viable cell count and antimicrobial activity of LAB grown in CW media

A-1
| AF1 | HD1 | EM | GR1 | TA

Viable cell number (log CFU/mL)
Rice powder 0.0% 7.45x0.04 751£0.19 7.25+0.07 7.0220.11 7.05x0.12
Rice powder 0.5% 7.93x0.07 791+0.13 8.02£0.20 6.92+0.03 7.46=0.08
Rice powder 1.0% 8.19+0.31 7.82+0.06 8.02+0.14 6.90+0.05 7.63+0.20
Rice powder 1.5% 8.21+0.04 7.69+0.43 8.18+0.03 6.90+0.04 7.84+0.16
Rice powder 2.0% 8.35+0.05 8.02+0.05 8.47£0.46 6.91+0.03 7.96x0.03
Rice powder 2.5% 8.37+0.19 8.12+0.06 8.54£0.57 6.91+0.03 7.88+0.11
Antibacterial activity (AU/mL)
Rice powder 0.0% 30 160 80 4 4
Rice powder 0.5% 30 160 80 4 4
Rice powder 1.0% 30 160 80 4 4
Rice powder 1.5% 30 160 80 4 4
Rice powder 2.0% 30 160 80 4 4
Rice powder 2.5% 30 160 80 4 4
Antifungal activity (AU/mL)
Rice powder 0.0% 20 20 20 4 4
Rice powder 0.5% 20 20 20 4 4
Rice powder 1.0% 20 20 20 4 4
Rice powder 1.5% 20 20 20 4 4
Rice powder 2.0% 20 20 20 4 4
Rice powder 2.5% 20 20 20 4 4

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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Table 30. Effect of rice power on viable cell count and antimicrobial activity of LAB grown in SCW media

B-1
| AF1 | HD1 | EM | GR1 | TA

Viable cell number (log CFU/mL)
Rice powder 0.0% 8.35+0.04 8.71x0.22 8.66x0.06 7.01+0.06 7.7420.01
Rice powder 0.5% 8.39+0.10 8.36x0.11 8.57£0.23 6.93+0.03 7.77x0.07
Rice powder 1.0% 8.55+0.33 8.48+0.34 8.47£0.10 6.95+0.01 7.77x0.07
Rice powder 1.5% 8.33x0.06 8.32+0.16 8.45+0.24 6.96+0.05 7.84=0.06
Rice powder 2.0% 8.4320.06 8.42+0.06 8.37£0.13 6.93+0.03 7.86=0.03
Rice powder 2.5% 8.41+0.17 8.44+0.19 8.41+0.14 6.91+0.12 7.78+£0.11
Antibacterial activity (AU/mL)
Rice powder 0.0% 30 160 80 4 4
Rice powder 0.5% 30 160 80 4 4
Rice powder 1.0% 30 160 80 4 4
Rice powder 1.5% 30 160 80 4 4
Rice powder 2.0% 30 160 80 4 4
Rice powder 2.5% 30 160 80 4 4
Antifungal activity (AU/mL)
Rice powder 0.0% 20 20 20 4 4
Rice powder 0.5% 20 20 40 4 4
Rice powder 1.0% 40 40 40 4 4
Rice powder 1.5% 40 40 40 4 4
Rice powder 2.0% 40 40 40 4 4
Rice powder 2.5% 40 40 40 4 4

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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Table 31. Effect of concentration of cabbage waste juice (CW media) or salted cabbage waste juice (SCW

media) on viable cell count and antimicrobial activity of B. subtilis SN7

Type of medium

Viable cell number
(log CFU/mL)

Antibacterial activity
(AU/mL)

Antifungal activity
(AU/mL)

CW media C
CW media C-1
SCW media D
SCW media D-1
Control (TSB)

7.21+0.15
7.09+0.26
8.15+0.15
8.20+0.07
8.43+0.20

200
200
0

0
1,600

40
40
640

CW media C: 100% cabbage waste juice
CW media C-1: 20% cabbage waste juice

SCW meda D: 100% salted cabbage waste juice

SCW media D-1: 20% cabbage waste juice

Data are presented as the means (and standard deviations) of two independent experiments performed in triplicate (n=6)
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Table 32. Effect of corn steep liquor on the viable cell count and

antimicrobial activity of B. subtilis SN7 grown in CW media C-1

Viable cell number (log CFU/mL)

Corn steep liquor 0.0% 7.59%0.26
Corn steep liquor 0.5% 6.54+0.28
Corn steep liquor 1.0% 6.74£0.24
Corn steep liquor 1.5% 6.40£0.46
Corn steep liquor 2.0% 6.24+0.24
Corn steep liquor 2.5% 6.11£0.20
Antibacterial activity (AU/mL)

Corn steep liquor 0.0% 200
Corn steep liquor 0.5% 200
Corn steep liquor 1.0% 200
Corn steep liquor 1.5% 200
Corn steep liquor 2.0% 200
Corn steep liquor 2.5% 200
Antifungal activity (AU/mlL.)

Corn steep liquor 0.0% 0
Corn steep liquor 0.5% 0
Corn steep liquor 1.0% 0
Corn steep liquor 1.5% 0
Corn steep liquor 2.0% 0
Corn steep liquor 2.5% 0

Data are presented as the means (and standard deviations) of two independent
experiments performed in triplicate (n=6)
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Table 33. Effect of corn steep liquor on the viable cell count and

antimicrobial activity of B. subtilis SN7 grown in SCW media D-1

Viable cell number (log CFU/mL)

Corn steep liquor 0.0% 8.20£0.07
Corn steep liquor 0.5% 6.40£0.26
Corn steep liquor 1.0% 6.31+0.17
Corn steep liquor 1.5% 6.40+0.18
Corn steep liquor 2.0% 6.32+0.13
Corn steep liquor 2.5% 6.250.22
Antibacterial activity (AU/mL)

Corn steep liquor 0.0% 0
Corn steep liquor 0.5% 0
Corn steep liquor 1.0% 0
Corn steep liquor 1.5% 0
Corn steep liquor 2.0% 0
Corn steep liquor 2.5% 0
Antifungal activity (AU/mlL.)

Corn steep liquor 0.0% 40
Corn steep liquor 0.5% 0
Corn steep liquor 1.0% 0
Corn steep liquor 1.5% 0
Corn steep liquor 2.0% 0
Corn steep liquor 2.5% 0

Data are presented as the means (and standard deviations) of two independent
experiments performed in triplicate (n=6)
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Table 34. Effect of rice powder on viable cell count and antimicrobial

activity of B. subtilis SN7 grown in CW media C-1

Viable cell number (log CFU/mL)

Rice powder 0.0% 7.59£0.26
Rice powder 0.5% 6.78+0.26
Rice powder 1.0% 7.05+0.06
Rice powder 1.5% 7.22+0.11
Rice powder 2.0% 7.33x0.11
Rice powder 2.5% 7.67+0.37
Antibacterial activity (AU/mL)

Rice powder 0.0% 200
Rice powder 0.5% 200
Rice powder 1.0% 200
Rice powder 1.5% 200
Rice powder 2.0% 200
Rice powder 2.5% 200
Antifungal activity (AU/mlL.)

Rice powder 0.0% 0
Rice powder 0.5% 0
Rice powder 1.0% 0
Rice powder 1.5% 0
Rice powder 2.0% 0
Rice powder 2.5% 0

Data are presented as the means (and standard deviations) of two independent
experiments performed in triplicate (n=6)
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Table 35. Effect of rice powder on viable cell count and antimicrobial

activity of B. subtilis SN7 grown in SCW media D-1

Viable cell number (log CFU/mL)

Rice powder 0.0% 8.20£0.07
Rice powder 0.5% 6.97+0.07
Rice powder 1.0% 7.41+0.06
Rice powder 1.5% 7.30£0.11
Rice powder 2.0% 7.32%0.02
Rice powder 2.5% 7.22+0.13

Antibacterial activity (AU/mL)

Rice powder 0.0%
Rice powder 0.5%
Rice powder 1.0%
Rice powder 1.5%
Rice powder 2.0%
Rice powder 2.5%

O O OO OO

Antifungal activity (AU/mlL.)

[

Rice powder 0.0% 4
Rice powder 0.5%
Rice powder 1.0%
Rice powder 1.5%
Rice powder 2.0%
Rice powder 2.5%

(=B e eI eI

Data are presented as the means (and standard deviations) of two independent
experiments performed in triplicate (n=6)
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A7 8
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LT EIERE]

(1) 49

HulgE 20% A9 CSLE 1% H7EeE #@H55 dlx] A-2(CW media
A-2)o EAagle] HAsE 93] glucose, fructose, maltose, sucroseE 0, 1, 2, 3,
4, 5%(w/V)E H7lstd Fabet 5Fe Ay R 45 SA4sAT 244
7 AA wSsty AT E A A3 (Tigure 3), Lb. plantarum AF12 836~
862 log CFU/mL, HD12 854~892 log CFU/mL, EM-<2 850~888 log
CFU/mLZ #H7} Xl wgt & Aol7t §lSlth Lew citreum GR1(8.61~8.86
log CFU/mL)3} Leu. mesenteroides TA(8.64~880 log CFU/mL) %3 7} &
Lo wE& AdFY & Zo] &S ddstit AT 4Es SH4% A
(Table 36), Lb. plantarum AF1, HD1, EM2 ¥4 Y F7/F9 w= Aagle] &
E A7kl A #Hrr A Fdd #4160 AU/MmML)E JeErH o Lew citreum
GR12 glucose, fructose, sucrose #7794 16 AU/mLE H7Fd Rt} 28] 57}
893l Leu. mesenteroides TAT glucose H7F7-ol A% 16 AU/mMLE #H7FA R
b 28] FrbelRvh. & kge] &8 SAsE A3 (Table 36), Lb. plantarum
AF1, HD1, EM %% glucose #7F7-ol4 160 AU/mMLZ 7} A 40 AU/mLY
ulg) 4u) F7bstA vk € Lew citreum GR13 Leu. mesenteroides TASl 73
%, glucose, fructose, sucrose 37} -olA & 3Fo] &Alo] 2n) F7}gH2- &5}
At olo] HA ¥4 FF % FEE glucose 1%US & F Utloen o=

Hul 5 wlA] A-322 A AT Moon[94] A &2 il'?—Ei Hj 5= 3%17]%
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A
2 FAE o8 97 WE FRoz TR 4748
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sho] ZFF FEskth oldll yeast extract®t T4 FH7bstel CCMHIAIE A
Z3F4a k. CCMAjA o] e+ 98 2l Lew citreum GR1S w3t A3},
maltose 2% T-7FelAl 7} =& A 4(6.0x10° CFU/mL)E YER 231 glucose
= 6% PRl P we ATFA5x107 CFU/mL)E YERSIth & Aol A
T BAaYY TR wRel AAslel Hl=d AdTFE Wetdlar &4
A9 zpol 7} Vel glucose 1%2 H A &4 7S AASA
A5 A B-2(SCW media B-2)¢] &4 #H7lo| W& fAket 5%
AaesE 23 E A3 (Figure 4), Lb. plantarum AF1, HD1, EM E5% ©4<¢]
FHe TRl HHEgle]l ¥ oF 8 log CFU/mLE YEeElWl o™ Lew citreum
GR13#} Leu. mesenteroides TA %3 ¢F 8 log CFU/mLE E& F-rol|A] H|%=
st A4S Ve A 84 &4 23 (Table 37), Lb. plantarum AF1,
HD1, EM2 EE @49 FHI7P A #Ho 23 598 o Al &4l 160
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plantarum AF19] 7% @249 F7F 2 X A#gle]l BE F-FoA H7}t
A 2B AU/mLIET 28] #& H97H160 AU/mL)E Yewlen HDIL-
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Figure 3. Effect of carbon source on viable cell count of LAB grown in
CW media A-2
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Table 36. Effect of carbon source on antimicrobial activity of LAB grown in CW media A-2

unit : AU/mL
AF1 HD1 EM GR1 TA

AB” AF" AB AF AB AF AB AF AB AF

CW media A-2 160 40 160 40 160 40 8 4 8 4
1% 160 160 160 160 160 160 16 8 16 8

2% 160 160 160 160 160 160 16 8 16 8

Glucose 3 % 160 160 160 160 160 160 16 8 16 8
4 % 160 160 160 160 160 160 16 8 16 8

5% 160 160 160 160 160 160 16 8 16 8

1% 160 80 160 80 160 80 16 8 8 8

2% 160 80 160 80 160 80 16 8 8 8

Fructose 3 % 160 80 160 80 160 80 16 8 8 8
4 % 160 80 160 80 160 80 16 8 8 8

5 % 160 80 160 80 160 80 16 8 8 8

1% 160 80 160 80 160 80 8 4 8 4

2 % 160 80 160 80 160 80 8 4 8 4

Maltose 3 % 160 80 160 80 160 80 8 4 8 4
4 % 160 80 160 80 160 80 8 4 8 4

5 % 160 30 160 30 160 30 8 4 8 4

1% 160 160 160 80 160 80 16 8 8 8

2% 160 160 160 80 160 80 16 8 8 8

Sucrose 3 % 160 160 160 80 160 80 16 8 8 8
4 % 160 160 160 80 160 80 16 8 8 8

5% 160 160 160 80 160 80 16 8 8 8

Control (MRS) 160 640 160 640 160 640 32 32 32 32

Data are presented as the means of two independent experiments performed in triplicate (n=6)
"AB: Antibacterial activity, ~AF: Antifungal activity

_83_

Collection @ chosun



DGlucose Ofructose Bmaltose Bsucrose

Cell number
(log CFU/mL)

L

%

w

Cell number
(log CFU/mL)

Concentrate (%)

DGlucose Ofructose Bmaltose Bsucrose

Cell number
{log CFU/mL)

Ll

w

Cell number
(log CFU/mL)

=

Concentrate (%)

DGlucose Ofructose Bmaltose Bsucrose

Cell number
(log CFU/mL)

ML

w

Concentrate (%)

Figure 4. Effect of carbon
SCW media B-2
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Table 37. Effect of carbon source on antimicrobial activity of LAB grown in SCW media B-2

unit : AU/mL
AF1 HD1 EM GR1 TA

AB" AF"™ AB AF AB AF AB AF AB AF

SCW media B-2 160 30 160 30 160 160 8 4 8 4
1% 160 160 160 160 160 160 16 4 16 4

2% 160 160 160 160 160 160 16 4 16 4

Glucose 3 % 160 160 160 160 160 160 16 4 16 4
4 % 160 160 160 160 160 160 16 4 16 4

5 % 160 160 160 160 160 160 16 4 16 4

1% 160 160 160 80 160 80 16 4 16 4

2 % 160 160 160 80 160 80 16 4 16 4

Fructose 3 % 160 160 160 80 160 80 16 4 16 4
4 % 160 160 160 80 160 80 16 4 16 4

5 % 160 160 160 30 160 30 16 4 16 4

1% 160 160 160 160 160 80 8 4 8 4

2% 160 160 160 160 160 80 8 4 8 4

Maltose 3 % 160 160 160 160 160 80 8 4 8 4
4 % 160 160 160 160 160 80 8 4 8 4

5 % 160 160 160 160 160 30 8 4 8 4

1% 160 160 160 80 160 80 16 4 8 4

2% 160 160 160 80 160 80 16 4 8 4

Sucrose 3 % 160 160 160 80 160 80 16 4 8 4
4 % 160 160 160 80 160 80 16 4 8 4

5 % 160 160 160 30 160 30 16 4 8 4

Control (MRS) 160 640 160 640 160 640 32 32 32 32

Data are presented as the means of two independent experiments performed in triplicate (n=6)
"AB: Antibacterial activity, ~AF: Antifungal activity
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Figure 5. Effect of nitrogen source on viable cell count of LAB grown

in CW media A-3 or SCW media B-3
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Table 38. Effect of nitrogen source on antimicrobial activity of LAB grown in CW media A-3 or SCW

media B-3
unit : AU/mL
AF1 HD1 EM GR1 TA

AB” AF" AB AF AB AF AB AF AB AF
CW media A-3 160 160 160 160 160 160 16 8 16 8
Tryptone 1~25% 160 160 160 160 160 160 16 8 16 8
Malt extract 1~25% 80 160 80 160 80 160 8 4 8 8
Beef extract 1~25% 80 80 160 80 80 160 16 8 16 8
Soytone 1~25% 160 160 80 80 160 80 8 4 8 4
Peptone 1~25% 80 80 80 80 80 80 8 4 8 8
Yeast extract 1~25% 160 160 160 80 160 80 16 4 16 8
Beef powder 1~25% 20 80 20 80 20 80 8 4 8 4
Chicken powder 1~25% 20 80 20 80 20 80 8 4 8 4
Fish sauce 1~25% 20 80 20 80 20 80 8 4 8 4
SCW media B-3 160 160 160 160 160 160 16 4 16 4
Tryptone 1~25% 160 160 160 160 160 160 16 4 16 8
Malt extract 1~25% 160 160 160 160 160 160 8 4 8 8
Beef extract 1~25% 160 160 160 160 160 160 16 4 16 8
Soytone 1~25% 160 160 80 160 160 160 8 4 8 4
Peptone 1~25% 80 160 160 160 160 160 8 4 8 4
Yeast extract 1~25% 160 160 160 80 160 160 8 4 16 4
Beef powder 1~25% 20 80 40 80 20 80 8 4 8 4
Chicken powder 1~25% 20 80 20 80 20 80 8 4 8 4
Fish sauce 1~25% 20 80 20 80 20 80 8 4 8 4
Control (MRS) 160 640 160 640 160 640 32 32 32 32

Data are presented as the means of two independent experiments performed in triplicate (n=6)
"AB: Antibacterial activity, ~AF: Antifungal activity
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A7l A A A 84160 AU/ML)E UYeRSl e Lew. citreum GR1
& T4 A BE ©Eow e pxlholA Hu &l B4 32 AU/MmMLE
UEN 31, Lew. mesenteroides TAYE F719 AS #7135 Ftol A o &4
T 8432 AU/mL)E YWetlidth 3ol &4 3% Z3(Table 39), Lb.
plantarum AF1, HD1, EM 2% F7]d D& #H7IsE F2bolA @5 H7M 5
7P 2 24320 AU/mL)E Wer At Lew citreum GR12 R & H7F7-ol
A 7R R 48 A5 16 AU/MLE YelRlal Leuw. mesenteroides TATE
F719 A #H7lolA 7P =2 432 AU/mL)E YeRRSlth oo Aot
t 848 HU2 Eoluxl F7149 A9k DE 4 #H7Me Ad, AF1, HDI,
EM, TAS Aol A 274, o] &4o] Ayl ES& st &
A2 RY AdHA¥ T35 Wi« B-3o HA Frle A+D HUHE AdEn s
Hi A B-42 AA skt

o

rﬂ

ok
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A. CW media
OaF1 OHDL EEM BGR1 ETA

12

viable cell number
({log CFU/mL)

B. SCW media
OaF1 OHDL EEM BGR1 ETA

12

Cell number
({log CFU/mL)

Figure 6. Effect of inorganic source on viable cell count of LAB grown

in CW media A-3 or SCW media B-3
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Table 39. Effect of inorganic source on antimicrobial activity of LAB grown in CW media A-3 or SCW

media B-3
unit : AU/mL
AF1 HD1 EM GR1 TA
AB" AF"™ AB AF AB AF AB AF AB AF
CW media A-3 160 160 160 160 160 160 16 8 16 8
A 0.005~0.05% 160 160 160 160 160 160 32 32 32 32
B 0.005~0.05% 160 160 160 160 160 160 32 16 16 16
C 0.005~0.2% 160 80 160 80 160 160 16 16 16 16
D 0.1~0.5% 160 320 160 320 160 320 16 16 16 16
E 0.1~0.2% 160 80 160 80 160 80 16 16 16 16
A+D 0.005~0.5% 160 640 160 640 160 640 32 32 32 32
SCW media B-3 160 160 160 160 160 160 16 4 16 4
A 0.005~0.05% 160 200 160 320 160 200 32 16 32 32
B 0.005~0.05% 160 160 160 160 160 160 32 16 16 16
C 0.005~0.2% 160 160 160 160 160 160 16 16 16 16
D 0.1~0.5% 160 320 160 320 160 320 16 16 16 16
E 0.1~0.2% 160 160 160 320 160 160 16 16 16 16
A+D 0.005~0.5% 160 640 160 640 160 640 32 16 32 32
Control (MRS) 160 640 160 640 160 640 32 32 32 32

Data are presented as the means of two independent experiments performed in triplicate (n=6)
"AB: Antibacterial activity, ~AF: Antifungal activity
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v g pHel H A3

AEAET vad, Fridem HAsdE Hujas 9l A A-49] HH pHE &
HE7] 9stod wx|e] %x7] pHE 4.0, 5.0, 6.0, 70, 8022 A3} fFAkd 5%
o] At g gt A8 SASIA Y pH 4.000 4 Lb. plantarum AF1(8.84 log
CFU/mL), HD1(8.67 log CFU/mL), EM(883 log CFU/mL), 1|3 Lew
citreum GR1(7.55 log CFU/mL), Leu. mesenteroides TA(7.93 log CFU/mL) &
% ¢F 8 log CFU/mLE Yehl e pH 50 o4& oF 9 log CFU/mL ©|
Aol BEFE Ve thFigure 7). A7 &4 =4 A3 (Figure 7), §AHF
5% X7 pH 50, 6.0 7014 Hdl A 4L e &gl 24 =
A A3} Lb. plantarum AF1, HD1, EM< pH 503 pH 6.0914 Hu 274640
AU/mL)E Ve Q3 Lew mesenteroides TA 24 pH 503 pH 6.091 4 & tf
274(32 AU/mL)E Weriddeh. olol #Huja5 w4 A-4¢9] H4 pH <t pH
50~6.022 MA s}

A Fu 5 wiA B-49 27] pHel W& fibdt 559 Ao R 3 24
<2 =A% A3HFigure &), pH 4.0°14 Lb. plantarum AF1(870 log CFU/mL),
HD1(8.74 log CFU/mL), EM(868 log CFU/mL), 123l Leu. citreum GR1(8.49
log CFU/mL), Leu. mesenteroides TA(767 log CFU/mL) E% 7P v+ Aot
& Jediglew pH 50 o9 FtoAs EZF °F 9 log CFU/mMLE # U
AdrEE el @A 84 &4 434 (Figure &), pH 5.07 pH 6.0 4]
frabd 5% EF A AT &S UEbE S Sledith el &4 54
A3 Figure 8), Lb. plantarum AF1S pH 50~7.0014 ) 3FFo] &4(640
AU/MmML)E YEr¥ e D12 pH 50~8004 FHu 3daksdo] 24640
AU/mL)<, EM< pH 50~7.0¢4 Hd 3330 244640 AU/mML)E YEURL
th. Lew citreum GR12 pH 50~7.001A4 ¥ dgo] &4(16 AU/MmML)E
EFAaL Leuw mesenteroides TAYT pH 5.0~7.004 Huo &Fsdo] 4(32
AU/mL)E Wetdnt. olol ZAd# a5 vix| B-4¢ #% pH 73 pH 50
~6.02. % XA s

>
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Figure 7. Effect of initial pH of media on viable cell count and

antimicrobial activity of LAB grown in CW media A-4
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Figure 8. Effect of initial pH of media on viable cell count and

antimicrobial activity of LAB grown in SCW media B-4
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F Lmsh AZFE @Yl FAT 5F

o
ofi

Hj
=3
Lb. plantarum AF1<2 30T vl A3} 24117k A5 AR 7] ol2¢] Huj
AT &4 (160 AU/mL) % &gl 4640 AU/mL)E e o]= 484

P A AT 28T B A 7] =
42 30417l 160 AU/mLe vepllew gapsdo]l &4 20A7tel 640
AU/mLE YErATE 37T 8l Al 24417kl Hdl A (9.28 log CFU/mL)&
vebdlow A 2442 18417 80 AU/mLE ‘JrEM]‘:q o ol FrhekA
ekokar el &4 30411t 640 AU/mLE WeERU A tH(Figure 9).

ot

Eds

N
[S—
Do
>
Y
2

W% AA 76 ol2gow FalE

=] 7
Fo

Lb. plantarum HDI1-2 30C wF A3} 18A17tel A5 AR 7o ol28
gago]l &4(640 AU/MmML)E dErl e Al 42 24237 FHu &4
(160 AU/mL)& YWeWATE 28T wjF Al 24A17Fe A FA|7]e] ol27lom
18/ 7 el FH o Al &3 FaFo]l 245 Jehdidh 37T vk Al 12411
of Hl 4935 log CFU/mL)E WetWllal dak3o] &4 L2 24A7F vl H
7} H AR ek A FAE 2447 o] F F7VeEkA ZktH(Figure 10).

Lb. plantarum EM<2 28 CeF 30 Col A 24413k S AHX| 7] ol&Z7lom &
AT(160 AU/mL)3} & F3o] &4(640 AU/mL)e] H 7} HSith 37T vl Al

18A1Ztel]l Hdl A+7(9.28 log CFU/mL)E YWEWHOW o] £ A ZhastAr.
A AL 12417 o] % 20 AU/mLE WERow gdo] 4L 3043
o] % Huh7l W AH(Figure 11).

Leu citreum GR12 30C ®]F Azt 1247k S AR 7]o] o2y o &
At @43 dggo] &4 5T 2447k Hojrb = Atk 28T Hi ek Al 18A%F
of AH AHA|7]o olZ2glom Al gL 30AZbe] Ego] &g 24X3T
of Hul7b HAth 37C vl Al 24A17ke] Hdl AT 5(7.69 log CFU/mL)E 1}
elylow At &g o] &4 B 12413 o]+ 4 AU/mL 13 th
(Figure 12).

Leu. mesenteroides TAv 30T #] A3} 1227 A5 AHA]7]o o]27lS
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H 12410 A &gl &8 WERWRUAL 24412t A AT &S
BRI 28T HiSF Aol 124170l S Ax[7]o] o|2Flom rsge] &4

o 18N 7o) BAE B 24 7ol Hulel o] 2tk 37°C M Aol 2447
o Hul MFF@®37 log CFU/mL)E Uehiien &FFo] 342 1243 o
£ 16 AU/MLOIA WEgon gAF 24E 647 olF 4 AU/mLY MFe

A0E HoAF ) (Figure 13).

olZA HHlFEF WA A-4e X FAbt 5F e HA WS £ D AL o
&3} o). Lb. plantarum AF12- 30°C, 24A1%F, Lb. plantarum HD12 28~30C,
24X 2 Lb. plantarum EM<2 28~30TC, 24A1%F, Leu. citreum GR1<2 30T, 244
7, Leu. mesenteroides TAT 28~30T, 24A1%bel] o Aot Hdl &At-
Fdago] E4E YERRAT
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Figure 9. Effect of temperature on growth and antimicrobial activities
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Figure 10. Effect of temperature on growth and antimicrobial activities

of Lb. plantarum HD1 grown in CW media
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Figure 11. Effect of temperature on growth and antimicrobial activities

of Lb. plantarum EM grown in CW media
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Figure 12. Effect of temperature on growth and antimicrobial activities
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Figure 13. Effect of temperature on growth and antimicrobial activities
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HAstE AHu S5 wiAl B-40l A 9 Jﬂtﬂ Aret Fdagde vede
HA wF 2= Ae Lot y] #fsto] fibt 55 a4l 2 et &
& A5tk

Lb. plantarum AF12 30C w|F A3} 241 7bol] B8 HAA| 7|0 ol2glom &
Al 74160 AU/mL)2 18411 gke], ahato] &44(640 AU/mL)2 244 {ERbo|
Hol 248 et 28T wlF Aol 24| 3bol] K A A 7]e] o]2#] ©
Ho A 243 FaFo] 242 etk 37T Bk A 18413t H
AdF@73 log CFU/MmL)E Yerslew dxsfo] &2 3041k 640
AU/mLZ Hdld] ol2g]ovt FAlwt &2 12417F o] ¢ 2 40 AU/mLol| »F
2+ 27315 BoFUAHFigure 14).

Lb. plantarum HD12 30C vl A3} 2447k K AHA|7]of] o=y o
Al 24160 AU/mL)& 24A17F wholl &haksgo] &4 (640 AU/mL)2 18417F wh
of Hul7F WAtk 28T HIF Al 30CoAAIet Hl=gk AS F4E& Byow g4
o g gatsde]l g Al FUS ATtel Holvb B8 A 37C )
% Al 6AIZE Hdl AT5895 log CFU/mL)E Weplon dado] &2 24
A zbell Hls vep AR Al 9L 80 AU/mLY w2+ Aas
A tHFigure 15).

Lb. plantarum EME 30°C wjek A3} 18A 7t A A X 7)o o2 o] &
At 4160 AU/mL)# 3 ade] 244640 AU/mL)e] HulE e itk 2
8C #IF Aol 30TelA e vhd7bAR 18417 el BK H A 7)ol ol2xlon 3
At g2 24A17F whol| dhksgo] &g 18A1ZF Thol HulE vERUIATE 37T
Hj ok Al 12A17Fe] Hl A4(8.97 log CFU/mL)E YeIlar Al A&
24A7E o]% 40 AU/mLE #aFo] &4 3047 o]F 640 AU/mLE YEY
A tHFigure 16).

Leu citreum GR12 30C ®]F Az} 1877k S AR 7]o] o2yl om &
At 2432 AU/MmL)S 24A12F who] Ho) &4 vepudar & Fo
18417Fe] 16 AU/mLE WERIATE 28T Hl%F Al 18417 o] A AA| 7)o o=
o AT AL 30AIZFe HAZF WA FEEo] 22 2441t 16

ofd

o
— o=

l

£
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AU/mLE Yetdo] 48X ZM7hA] FA H vk 37°C Bl &F Aol &= 1847 o] A5 A
A7lell elmglom dAlat &3 o]l 24 EF 12417k ZH2F 8 AU/mL,
4 AU/mLE YEbd & 487 7H7kA] #-A] ¥ & tH(Figure 17).

Leu. mesenteroides TAv 30T #]F A3} 18X 7Fe A5 AHA|7]o o]=27lS
W AT #4432 AU/mL)#H el 2432 AU/mL) B 18417F v
o 248 JYERAL 28T AF Alodle 2442 vhe] Ho &4& vERSlith
37CAA = wIF 6A1ZE o] Al 243 dhakdo] &4do] EF 8 AU/mLel
O ARE BRAFAY(Figure 18).

ol dAdHFE WA B-4olA o] fibat 5Fe] FHA Mg 2= B AR
oS3} &t} Lb. plantarum AF12 28~30C, 24A1%F, Lb. plantarum HD12 28
~30C, 1873}, Lb. plantarum EM=2 30C, 24Xt Leu. citreum GR12 30T,
24113, Leu. mesenteroides TAF 30C, 18A1ZFe] ZH| Aot FHo A
Fdago] E4E YERRAT

X

Abt o] "3{}6}% A 2 A 84E 7HAE E2ZF lactic acid,

R

acetic acid®} £ 714F diacetyl, acetoin, BHE| 2] Al Fo] o o]Eo] &

],
YA Agom Qla & Bio] Ve Aol
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Figure 14. Effect of temperature on growth and antimicrobial activities

of Lb. plantarum AF1 grown in SCW media
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Figure 16. Effect of temperature on growth and antimicrobial activities

of Lb. plantarum EM grown in SCW media
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Figure 17. Effect of temperature on growth and antimicrobial activities
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Figure 18. Effect of temperature on growth and antimicrobial activities
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2. aZxyt g AEuA AL

7. |44 AA 3t

1) &4

#HulF55 HlA] C-1(CW media C-1DollA ©4de] HAsE 9138 glucose,
fructose, maltose, sucroseE 27} 1~5%(w/v) 3 7Vste B. subtilis SN7¢ A
F ow gt B =AEHT By =4 A3 (Figure 19-A), fructose 37
A A= 6.18~6.29 log CFU/mL, maltose &7} A= 549~595 log CFU/mL,
sucrose A7 r-ol A 7.46~798 log CFU/mLE YERsE 2™ glucose & 7}l A
= 811~845 log CFU/mLZE 7F¢ &2 AdF5E Yeudo AT &4 =4
A3 Table 40), glucose 7} 79 sucrose H7FrolA 800 AU/mMLE 71 w2
248 YER e fructose #H7FT-olAE 400 AU/mL, sucrose H7F7-oA+
200 AU/mLE YERASIT. gago] & =% A3 (Table 40), glucose 37}
9} sucrose F7F7-olA 320 AU/mL, fructose % 7F7-9F maltose 37794 160
AU/mLE glucose H7F9 sucrose H7FolA 7M=& @48 depigith
olof 7b¢ 2 Aot AT L EaFo] 4S5 Ve glucose 1% H7MT
E AW S5 wiA C-28 At

AdH S5 WA D-1(SCW media D-1°l &9 7l W& B suthbilis
SN79] At g g ZA4S FA4e AI(Figure 19-B, Table 40), #4912
| #Aglel BE FIFAA oF 8 log CFU/mLE YEI AT 8hAl
stAl =4 A3}, glucose B 719 sucrose 3 7oA 800 Au/mLE WEFH AL
fructose 3 7F7-2F maltose H7F7-olA 22 200 AU/mL, 400 AU/mLE e
Atk saFo]l &y SA AT glucoseE AT 3T B4 HIFolA 320
AU/mLE YR AL glucose P-4 = 640 AU/MmMLE 7 =& @48 v
F/}LHOj\Q- o]oﬂ ‘Slxﬂﬂ :5‘)—/\434. ‘SL—T'«D‘J—O] :5‘)—%494 7]—X]— = 334 &7]_‘:% 7]_xq_%
glucose 1% FH7172 Ad A5 vlA D-2(SCW media D-2)% 214 3} T}
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Figure 19. Effect of carbon source on viable cell count of B. subtilis

SN7 grown in CW media C-1 or SCW media D-1
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Table 40 Effect of carbon source on antimicrobial activity of B. subtilis

SN7 grown in CW media C-1 or SCW media D-1

unit © AU/mL
Antibacterial activity Antifungal activity
CW media C-1 200 0
Glucose 1~5 % 800 320
Fructose 1~5 % 400 160
Maltose 1~5 % 200 160
Sucrose 1~5 % 800 320
SCW media D-1 0 40
Glucose 1~5 % 800 640
Fructose 1~5 % 200 320
Maltose 1~5 % 400 320
Sucrose 1~5 % 800 320
Control (TSB) 1,600 640

Data are presented as the means of two independent experiments performed in
triplicate (n=6)
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(2) A4

HulsF Hlx] C-2¢] HAY 9FE 47 1~-2%w/v)ol HEE H7tste B.
subtilis SN79] Aot 2 3ot S4E ARty a5 54 23N Figure
20-A), beef powder 7} chicken powder #7794l ¢F 6 log CFU/mL=
L8]y ol ARE Kelow I 9 tE Aay HUM oM E il H
Zhell W& A F7ke WEhA gtttk @Al 24 54 23 (Table 41),
soytone2 FH7}gt F7Fo A= 800 AU/mLE YEFWH2Y} tryptone, peptone,
yeast extract, beef powder, chicken power 7} 7oA+ Aol VeRA] ¢Fok
th gksgo] & A dF HaA FAbeAE 8438 Al A= A3E BYF
Atk 2 AHERY diae Hrbd wE Ao 9 4 @49 FUkE vERY
A Fgskormz Aado] HIbskA FVIE SFAT

A Fa a5 viA D-20 Aa FH7ll W& B subtilis SN79 A5 9
i =4 A3 (Figure 20-B, Table 41), trptone® malt extract, beef
extract H7F7E A3t RE FHA & 7 log CFU/mL °lste] A#FE o
elwlow At 24 HA beef extract®t peptones A|d LZE HI7Fo] A
ddo] s st el 24 54 AP malt extract(640
AU/mL), beef extract (20 AU/mL), peptone(160 AU/mL)E A 2|3 EE F7t
A g o] e sttt ol Al SE WA D-2 £33 HAds HIbst
Al 712 skt

o
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A. CW media
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Figure 20. Effect of nitrogen source on viable cell count of B. subtilis

SN7 grown in CW media C-1 or SCW media D-1
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Table 41. Effect of nitrogen source on antimicrobial activity of B.

subtilis SN7 grown in CW media C-1 or SCW media D-1

unit : AU/mL
Antibacterial activity | Antifungal activity
CW media C-2 800 320
Tryptone 1~2% 0 320
Malt extract 1~2% 200 640
Beef extract 1~2% 100 0
Soytone 1~2% 800 320
Peptone 1~2% 0 160
Yeast extract 1~2% 0 0
Beef powder 1~2% 0 0
Chicken powder 1~2% 0 0
SCW media D-2 800 640
Tryptone 1~2% 0 0
Malt extract 1~2% 0 640
Beef extract 1~2% 200 20
Soytone 1~2% 0 0
Peptone 1~2% 200 160
Yeast extract 1~2% 0 0
Beef powder 1~2% 0 0
Chicken powder 1~2% 0 0
Control (TSB) 1,600 640

Data are presented as the means of two independent experiments performed in
triplicate (n=6)
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A5 w2 C-29] F719 H7bel W& B sutbilis SN72] At 2 &5t
298 SAHGR 559 FUYe d5S HIUMet A3 (Table 42), B& #H7t
TF-ol A ¢k 8 log CFU/mL o14e] AudFE Yelulla 1 3 779 A 35 #
bl A A e AES(859 log CFU/mL)E YelIth AT 24 =3
Ax, 5714 D @5 "ol A 7P =& 84800~1,600 AU/ML)E ER
U3l FEgo] B GA T A9 DO @E HIb oA s e 24640
~1,280 AU/mL)E eI olo] F-7]9 A< DE Al H7beh A3, A
4 860 log CFU/mL, @A &4 1,600 AU/mL, &%e] 24 1280 AU/mL
2 Z71e ol axwEE WX ¢l TSBS %3 Adoln AT A
& Foola kel &AL 2v] =2 Axolr) olo] HW|FF WA C-20] F
719 A<D #H7M-E #AnFF WA C-322 A48tk

AddHn S wA D-29 719 FHrtel wE AuFE SAI ZAINTable
42), BE AP <k 8 log CFU/mL o]ie] A= om Al 24 =4
Azt F719 Agt B @5 H7FelA 800 AU/MLE 74 A vebyt 8

ol &g A A%, 7719 E @5 H7FgelA 2560 AU/MLE xd A&
Hj <91 TSBol A uth 48] %8 &8 vehfiich o] T7]94 A9t EZ EA]
of Hr7bet A3}, AT 860 log CFU/mL, Ao &4 1,600 AU/mL, &<
Fo] 422560 AU/mLE WPt & AnZFE ddHu S5 HlA D-2
of ¥/ A+E #H7ste] o5 AdHAm S mlx D-322 gt
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Table 42. Effect of

antimicrobial activity of B. subtilis SN7

SCW media D-1

inorganic source on viable cell

count and

grown in CW media C-1 or

viable cell Antibacterial Antifungal

Renieh) (AU mi) (AU/mi)
CW media C-2 8.45£0.15 800 640
0.005~0.05% 8.59+0.19 800 640~1,280
B 0.005~0.05% 8.26+0.14 400 640
C 0.005~0.05% 8.28+0.15 200 640
D 0.03~0.5% 8.18+0.09 800-1,600 640~1,280
E 0.03~0.2% 8.26+0.06 800 640
A+D 0.005~0.5% 8.60£0.10 1,600 1,280
SCW media D-2 8.69+0.09 800 640
A 0.005~0.05% 8.41£0.12 800 1,280~2,560
B 0.005~0.05% 8.38+0.08 800 1,280
C 0.005~0.05% 8.3910.01 400 1,280
D 0.03~0.5% 8.21£0.09 200 640
E 0.03~0.2% 8.28+0.20 200 1,280~2,560
A+E 0.005~0.5% 8.60£0.12 1,600 2,560
Control (TSB) 8.40+0.05 1,600 640

Data are presented as the means of two independent experiments performed in

triplicate (n=6)
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. Wl pHE A A g

dFdel HAgHE HAuFF v C-39 HA pHE HAsY] 9ste] wlxe

%71 pHE 50, 60, 70, 80, 9.0&%2 xA st B. subtilis SN72| At B I
24& SAHsHY. A 54 A3 (Figure 21-A), pH 50914 526 log

CFU/mLz 7Fd ¥ Ars defiien of& AL e 73l < 8
log CFU/mL ol/¢e] AwE Wepih A« 24 54 23, pH 501A
100 AU/mL, pH 6.0 7.0, 8.0914 Z+Z+ 1,600 AU/mL, pH 9.0¢14 800 AU/mL
£ uehdidlth &gl 24 A 23, pH 503 80, 9.00A4 #4640
AU/mLE pH 603 7.014 1280 AU/MLE YWeHHATE ofd #FHujas vl
C-39] &4 pH 77< pH 6.0~7.02% 445t}

AelH w5 A D-39 %7] pHol W& Ao+ 54 A3 (Figure 21-B),
pH 50~9.0 =& 7oA oF 8 log CFU/mL el oz S %o A+ &
4 54 A3, pH 6.03 700014 FHd 41,600 AU/mL)2 Webl Atk &%
ol &4 =4 A3 A pH 6.03} 7.0+ 7 =2 &44(2,560 AU/mL)-2 e}
Wit olel AdAu S5 wi#] D-3¢ 4 pH 1t pH 6.0~7.02%2 A3}
At
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A. CW media
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Figure 21. Effect of initial pH of media on viable cell count and
antimicrobial activities of B. subtilis SN7 grown in CW media C-3 or

SCW media D-3
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| 7re]l W2 B. subtilis SN7

30C g A3 24r17bel AK FA 7ol o]2F o o] wjo] Adgi= 835
AT B 24N ol 42K 7HFA] 800 AU/mLE vERW
o &gsgo] AL 24N 487h4] 160 AU/mLE JeRf T

37C W A3 18A%tll K HA 7ol o]Z2Flom o] mje] Aidgi= 857
log CFU/mLelth. gAlat g2 24x 7k 4] 364120704 Hdl 442l 1,600
AU/MLE Weha dago] &AL 244 7kelA 364171714 1,280 AU/mLE
YERATE o] FAld ST FakFe] el g4 HATE Flskdnt
(Figure 22).

ol =M HH|FFE HIX C-3e1X9 B. subtilis SN72] HZ #|¥ 2% 2L A7F
£ 37T, 24N 7E~36A17t2 2 o] weo] Mg oF 80 log CFU/mL °]/, &4
T 42 1,600 AU/mL, &3] 2242 1,280 AU/mLe|th

HA sty Addon =5 wl#] D-3olAe] HA wd 25k A7HE dolr okt

30°C HI%F Al 24X137Fol Hul BHFS(867 log CFU/ML)E Ve on Al
2732 30A17F 400 AU/mLE WEbH 5 HAl ghasto] 48A]7boll= ¢hds] Ak
A5 wekgo]l &8 30417k ol F 640 AU/mLE #A 33t

37C ®jF Al 1243 o] % oF 8 log CFU/mL2 B FE FAeAar A
B L 24N Z oA 42X M7 A] A 49 1,600 AU/mMLE e ATE &%
o] &AL 24Xt A 48N ZHAAA 2560 AU/mLE WER A tH(Figure 23).

o724 AdHAMFE HlA D-3942 B. subtilis SN7¢] 2 H|¥ 2% o
AlZFE 37T, 24N ~A2A 202 o] we] 4= °F 80 log CFU/mL °]7d,
FA 4L 1,600 AU/mL, &3] &2 2560 AU/mLo]th.

=
[ije]
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Figure 22. Effect of temperature on growth and antimicrobial activities

of B. subtilis SN7 grown in CW media
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Figure 23. Effect of temperature on growth and antimicrobial activities

of B. subtilis SN7 grown in SCW media
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7}. pH <tAA

A 5F I ik d 15 wduAe BE Fqd =49 p

rt}. Lb. plantarum AF1E MRS v =] ¢} JNeka)x] A

I pH 4.0 7oA Al @93 ko] &do] ebgst

E3F pH 303 pH 40 T-3FolA mjgei«e ©& Aol7t glads &Slsksith
o A

o] pH etAA = =Fol7) Uit B. subtilis SN7T2 TSBHH A] =y
D-30l4 ABA4kd @A+ 22 25 pH 3.0914 pH 1007+ A=A €7

Wit &gl &4 pH 5.0%H pH 10074 A2l dd &3 &4
W A H(Table 43).
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Table 43. Effect of pH on antimicrobial activities of GRAS
microorganism grown in the developed media
unit : AU/mL

AF1 HD1

pH MRS A-1 B-4 MRS A-1 B-4

AB" |AF" | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF

con| 160| 640| 160| 640| 160| 640 160| 640| 160| 640| 160| 640
30/ 160| 640| 160 640| 160| 640 160| 640| 160| 640| 160| 640
40/ 160| 640| 160 640| 160| 640| 160| 640| 160| 640| 160| 640
50, 40| 160 40| 160 40| 160 20 80 20 30 20 80

6.0 20 40 20 40 20 40 0 40 0 40 0 40
7.0 0 20 0 20 0 20 0 20 0 20 0 20
8.0 0 0 0 0 0 0 0 0 0 0 0 0
9.0 0 0 0 0 0 0 0 0 0 0 0 0
10.0 0 0 0 0 0 0 0 0 0 0 0 0
EM GR1
pH MRS A-1 B-4 MRS A1 B-4
AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF

con| 160| 640| 160| 640 160| 640 32 32 32 32 32 16
3.0 160| 640| 160| 640 160| 640 32 32 32 32 32 16
400 160| 640| 160, 640 160| 640 32 32 32 32 32 16

50/ 20 80 20 80 20 80 4 8 4 8 4 4
6.0 0 0 0 0 0 0 0 0 0 0 0 0
7.0 0 0 0 0 0 0 0 0 0 0 0 0
8.0 0 0 0 0 0 0 0 0 0 0 0 0
9.0 0 0 0 0 0 0 0 0 0 0 0 0
10.0 0 0 0 0 0 0 0 0 0 0 0 0
TA SN7
pH MRS A-1 B-4 TSB C-3 D-3

AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF

con| 32 32 32 32 32 32| 1,600 640 1,600 1,280 | 1,600 | 2,560
3.0 32 32 32 32 32 321600 320)1600| 320| 1600 640
401 32 32 32 32 32 321,600 320)1600| 640| 1,600 1,280

50/ 16 8 16 8 16 8| 1,600 640 1,600 | 1,280 | 1,600 | 2,560
6.0 4 0 4 0 4 0] 1600 640 1,600 1,280 | 1,600 | 2,560
7.0 0 0 0 0 0 0] 1600 640 1,600 1,280 | 1,600 | 2,560
8.0 0 0 0 0 0 0] 1600 640 1,600 1,280 | 1,600 | 2,560
9.0 0 0 0 0 0 0] 1600 640 1,600 1,280 | 1,600 | 2,560

10.0 0 0 0 0 0 0[1,600 640 1,600 1,280 | 1,600 | 2,560
AB: Antibacterial activity; B. cereus KCTC 3624 was used as an indicator

*

" AF: Antifungal activity; A. fumigatus ATCC 96918 was used as an indicator for assay
of LAB, A. ochraceus PF-2 was used as a indicator for assay of B. subtilis SN7

- 123 -

Collection @ chosun



v 25 HAA

bt 5E 3 skt 159 v A g g 5Ho &
Bektd Lb. plantarum AF13 HDI1, EM 12]a1
% MRSH|A 9} 7Nk =] A-4, B-491A4 A4td

——'_'LEE El:l‘
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off
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P e 4

Leu. mesenteroides TAS 7
RE 2% AHg
o]l &8 Ve e Lew citreum GR1<]
2k Aol A ebdd A3E melov 70T, 24

A Al C-3,
25 A 2]kl A
25 AP ghel A

B Fage] 4L BE
AZE AGTeF 100°C, 308 A2l 121°C, 168 A2 FolA] At @] dul
o7 Fol=i APE YePATE B subtilis SN72 TSB#| A <}
D-3¢A4] AAte FuEd BF FAT 4L 70T o]
o] A3 AdEAen gage]l 4L 100T o4
Aol AAdE = A2 s ti(Table 44).
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Table 44. Effect of temperature on antimicrobial activities of GRAS

microorganism grown in the developed media

unit : AU/mL
AF1 HD1
Temp. MRS A-4 B-4 MRS A-14 B-4
AB" |AF”| AB| AF | AB | AF | AB | AF | AB | AF | AB | AF
control 160 640 160| 640| 160| 640| 160| 640| 160 | 640| 160| 640

4T, 24hr 160 640 160| 640| 160| 640| 160| ©640| 160| 640| 160 | 640
30°C, 24hr 160 640 160| 640| 160| 640| 160| ©640| 160| 640| 160 | 640
37°C, 24hr 160 640 160| 640| 160| 640| 160| ©640| 160| 640| 160 | 640
50°C, 24hr 160 640 160| 640| 160| 640| 160| ©640| 160| 640| 160 | 640
70°C, 24hr 160 640 160| 640| 160| 640| 160| ©640| 160| 640| 160 | 640
100C, 30min| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640 | 160| 640
121°C, 15min| 160 640 160 640 160 | 640 160 640, 160 640 160 | 640

EM GR1
Temp. MRS A-1 B-4 MRS A-1 B-4
AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF
control 160 640 160| 640 | 160 | 640 32 32 32 32 32 16

4T, 24hr 160 640 160| 640| 160| 640| 32| 32| 32| 32| 32 16
30°C, 24hr 160 640 160| 640| 160| 640| 32| 32| 32| 32| 32 16
37°C, 24hr 160 640 160| 640| 160| 640| 32| 32| 32| 32| 32 16
50°C, 24hr 160 640 160| 640| 160| 640| 32| 32| 32| 32| 32 16
70°C, 24hr 160 640 160| 640 160| 640| 16| 32| 16| 32 16 16
100C, 30min| 160| 640| 160| 640| 160| 640| 16| 32| 16| 32 16 16
121°C, 15min| 160 | 640 160 640 160 640 16, 32| 16| 32 16 16

TA SN7
Temp. MRS A-1 B-4 TSB C-3 D-3
AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF
control 32 32 32 32 32 32 11,600 | 640 (1,600 1,280 | 1,600 | 2,560
4C, 24hr 32 32 32 32 32 32 11,600 | 640 (1,600 1,280 | 1,600 | 2,560

30°C, 24hr 32| 32| 32| 32| 32| 32|1600] 640|1,600 1,280 | 1,600 2,560
37°C, 24hr 32| 32| 32| 32| 32| 32|1600] 640|1,600 1,280 | 1,600 2,560
50°C, 24hr 32| 32| 32| 32| 32| 32| 800| 640| 800 1,280 | 800 | 2,560

70°C, 24hr 32| 32| 32| 32 32 32 0| 640 01,280 012,560
100C, 30min| 32| 32| 32| 32 32 32 0| 320 0| 640 011,280
121°C, 1bmin| 32| 32| 32| 32 32 32 0] 320 0] 640 0] 640

*

AB: Antibacterial activity; B. cereus KCTC 3624 was used as an indicator
" AF: Antifungal activity; A. fumigatus ATCC 96918 was used as an indicator for assay
of LAB, A. ochraceus PF-2 was used as a indicator for assay of B. subtilis SN7
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Table 45

microorganism grown in the developed media

Effect of enzyme on antimicrobial activities of GRAS

unit : AU/mL
AF1 HD1
enzyme MRS A-1 B-4 MRS A-1 B-4
AB" |AF""| AB | AF | AB| AF | AB | AF | AB | AF | AB | AF
control 160 640| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640
proteinase K | 160| 640 | 160| 640| 160| 640| 160| 640| 160| 640| 160| 640
protease 160 640| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640
pepsin 160 640| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640
trypsin 160 640| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640
a-chymotrypsin 160 | 640 | 160| 640 | 160| 640 160| 640| 160| 640| 160| 640
lipase 160 640| 160| 640| 160| 640| 160| 640| 160| 640 | 160| 640
a-amylase 160 640 160 | 640 160 640 160| 640 160| 640 | 160| 640
EM GR1
enzyme MRS A-1 B-4 MRS A-1 B-4
AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF
control 160 640| 160| 640| 160| 640 32 32 32 32 32 16
proteinase K | 160 | 640| 160| 640 | 160| 640 4 32 4 32 4 16
protease 160 640| 160| 640| 160| 640 4 32 4 32 4 16
pepsin 160 640| 160| 640| 160| 640 32 32 32 32 32 16
trypsin 160 640| 160| 640| 160| 640 3 32 3 32 3 16
a-chymotrypsin| 160 | 640 | 160| 640 | 160| 640 32 32 32 32 32 16
lipase 160 640| 160| 640| 160| 640 32 32 32 32 32 16
a-amylase 160 640 160 | 640 160 640 32 32 32 32 32 16
TA SN7
enzyme MRS A-4 B-4 TSB C-3 D-3
AB | AF | AB | AF | AB | AF | AB | AF | AB | AF | AB | AF
control 32 32 32 32 32 321,600 | 640 1,600 1,280 | 1,600 | 2,560
proteinase K 32 32 32 32 32 32 0] 640 011,280 012,560
protease 32 32 32 32 32 32 0] 320 0] 640 011,280
pepsin 32 32 32 32 32 321,600 | 640 1,600 1,280 | 1,600 | 2,560
trypsin 32 32 32 32 32 321,600 | 32011,600| 640 1,600 1,280
a-chymotrypsin| 32 32 32 32 32 32 0] 320 0] 640 011,280
lipase 32 32 32 32 32 321,600 | 640 1,600 1,280 | 1,600 | 2,560
a-amylase 32 32 32 32 32 3211,600 | 640 1,600 1,280 | 1,600 | 2,560

*

AB: Antibacterial activity; B. cereus KCTC 3624 was used as an indicator

" AF: Antifungal activity; A. fumigatus ATCC 96918 was used as an indicator for assay

of LAB, A. ochraceus PF-2 was used as a indicator for assay of B. subtilis SN7
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Table 46. Antimicrobial spectrum and activities of bio—preservatives

developed in this study

unit : AU/mL
DF-100 Epolyly aIJE ct(};g (1)1 Cleancohol

Ml’l 100% 100% 95% 100%
A. flavus ATCC 22546 6,400 1,600 0 0
A. ochraceus PF-2 12,800 25,600 0 0
Mold A. fumigatus ATCC 96918 12,800 1,600 0 0
A. nidulans PF-3 51,200 102,400 0 0
P. rogueforti ATCC 10110 12,800 12,300 0 0
S. Typhi ATCC 19430 6,400 12,300 100 100
S. aureus ATCC 29213 102,400 12,300 100 200
Bac— B. cereus KCTC 3624 51,200 102,400 100 400
~|E. coli O157:H7 ATCC 43895 25,600 12,300 100 100
tenaly, parahaemolyticus ATCC 17802 | 102,400 12,800 100 100
P. aeruginosa ATCC 27853 25,600 12,300 100 100
M. luteus ATCC 13513 3,200 6,400 100 100
Yeast| P. kudriavzevii DY1 204,800 204,800 200 100
AF1 HD1 EM SN7

Strain ~~—— Concentration|  5X 5X 5X 5X
A. flavus ATCC 22546 300 800 1,600 0
A. ochraceus PF-2 800 800 400 12,800
Mold A. fumigatus ATCC 96918 3,200 3,200 3,200 200
A. nidulans PF-3 1,600 1,600 1,600 0
P. rogueforti ATCC 10110 300 300 200 400
S. Typhi ATCC 19430 1,600 1,600 800 0
S. aureus ATCC 29213 400 200 400 0
Bac— B. cereus KCTC 3624 300 800 800 1,600
~|E. coli O157:H7 ATCC 43895 800 800 800 0
tenaly, parahaemolyticus ATCC 17802 | 25,600 25,600 25,600 0
P. aeruginosa ATCC 27853 1,600 1,600 1,600 0
M. luteus ATCC 13513 800 800 800 100
Yeast| P. kudriavzevii DY1 50 100 100 0

DF-100: graftftuit seed extract
Epolyly: e-polylysine

cleancohol: grafeftuit seed extract + ethyl alcohol
AF1,HDI1,EM: culture superntatnt of Lb. plantarum AF1,HDI1,and EM grown in A-4 medium

SN7: culture superntant of B. subtilis SN7 grown in D-3 medium
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Table 47. Antimicrobial spectrum and activities of conventional and newly developed bio—preservatives

unit : AU/mL
DF-100 Epolyly

Mon 001% 002% 0.04% 0.06% 0.08% 0.01% 0.02% 0.025%
A. flavus ATCC 22546 0 0 0 0 0 0 0 0
A. ochraceus PF-2 0 0 0 0 0 0 0 0
Mold  A. fumigatus ATCC 96918 0 0 0 0 100 0 0 0
A. nidulans PF-3 0 100 100 100 100 0 0 0
P. roqueforti ATCC 10110 0 0 0 0 0 0 0 0
S. Typhi ATCC 19430 0 0 0 0 0 0 0 0
S. aureus ATCC 29213 0 0 100 100 100 0 0 0
B. cereus KCTC 3624 0 0 0 0 100 0 100 100
Bacteria E. coli O157:H7 ATCC 4389 0 0 0 0 0 0 0 0
V. parahaemolyticus ATCC 17802 0 0 0 0 100 0 0 100
P. aqeruginosa ATCC 27853 0 0 0 0 0 0 0 0
M. luteus ATCC 13513 0 0 0 0 0 0 0 0
Yeast P kudriguzevii DY1 0 0 100 100 100 0 0 0
Ethyl alcohol Cleancohol AF1 HD1 EM SN7

Strain —— Concentration| 1% 2% 3% 2% 3% 1X 1X 1X 1X
A. flavus ATCC 22546 0 0 0 0 0 160 160 320 0
A. ochraceus PF-2 0 0 0 0 0 160 160 80 2,560
Mold  A. fumigatus ATCC 96918 0 0 0 0 0 640 640 640 40
A. nidulans PF-3 0 0 0 0 0 320 320 320 0
P. roqueforti ATCC 10110 0 0 0 0 0 160 160 40 30
S. Typhi ATCC 19430 0 0 0 0 0 320 320 160 0
S. aureus ATCC 29213 0 0 0 0 0 30 40 30 0
B. cereus KCTC 3624 0 0 0 0 0 160 160 160 1,600
Bacteria E. coli O157:H7 ATCC 4389 0 0 0 0 0 160 160 320 0
V. parahaemolyticus ATCC 17802 0 0 0 0 0 5,120 5,120 5,120 0
P. aeruginosa ATCC 27853 0 0 0 0 0 320 320 320 0
M. luteus ATCC 13513 0 0 0 0 0 40 40 40 20
Yeast P kudriguzevii DY1 0 0 0 0 0 10 20 20 0

DEF-100: graftftuit seed extract / Epolyly: e-polylysine / cleancohol: grafeftuit seed extract + ethyl alcohol
AF1,HDI1,EM: culture superntatnt of Lb. plantarum AF1,HDI1,and EM grown in A-4 medium
SN7: culture superntant of B. subtilis SN7 grown in D-3 medium
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#H2A 8 FX=(Minimal Inhibition Concentration; MIC) test® %3Fo] Akt
I aizgte] Ak ST EAY ASEST R Fade] U HAA v
S48kt

Lb. plantarum AF19] W Add 2 Folo FR/ol| wel 3.38~1350 mg/mL
Z Yelygom At 042~27.00 mg/mlL, EX+F 21600 mg/mLZE YERSTH
Lb. plantarum HD13 EM 4] A Aol F57d w2t Hd 120 mg/mLe] FH4&
A8 w22 JeERNATE B. subtilis SN72 813 N2 A ochraceus PF-20l
A 097 mg/mL, A fumigatus ATCC 969183 P. roqueforti ATCC 1011091
dial A 27 6220 mg/mL, 31.10 mg/mLe] HAAE FEE Ve ATHTable
48).

Lb. plantarum AF1e] ZstE2dL dF | digk &do] gloixa &
wgolol WF S4% yetliAw o &4o] Ho ZFEskA 0.22~2800 mg/mL
o] HaAE 2 vebdeh. Lb plantarum HD13 EM 9 A] 3380l
3k MIC =3 23}, 022~7.19 mg/mLE vepdS Folstath B, subtilis SN7
o] FegHEAL At gt el yEhyton 0.09~290 mg/mLE XU}
et A &8 BofFQ vk (Table 48).
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Table 48. The minimum inhibitory concentration of the developed

bio—preservatives in this study

unit : mg/mL
AF1 HD1
A4 A-4
CS PP CS PP
A. flavus ATCC 22546 13.50 1.75 15.00 0.89
A. ochraceus PF-2 13.50 1.75 12.00 0.89
Mold A. fumigatus ATCC 96918 3.38 0.22 3.75 0.22
A. nidulans PF-3 6.75 0.88 7.50 1.78
P. roqueforti ATCC 10110 13.50 1.75 15.00 1.78
S. Typhi ATCC 19430 6.75 = 7.50 -
S. aureus ATCC 29213 27.00 - 60.00 -
B. cereus KCTC 3624 13.50 7.00 15.00 7.13
Bacteria E. coli O157:-H7 ATCC 43895 13.50 - 15.00 -
V. parahaemolyticus ATCC 17802 0.42 0.22 0.47 0.22
P. aeruginosa ATCC 27853 6.75 - 7.50 -
M. luteus ATCC 13513 54.00 - 60.00 -
Yeast P. kudriavzevii DY1 216.00 28.00 120.00 14.25
EM SN7
A4 D-3
CS PP CS PP
A. flavus ATCC 22546 13.75 3.59 - -
A. ochraceus PF-2 27.50 3.59 0.97 -
Mold A. fumigatus ATCC 96918 3.44 0.22 62.20 -
A. nidulans PF-3 6.88 3.59 - -
P. roqueforti ATCC 10110 55.00 7.19 31.10 -
S. Typhi ATCC 19430 13.75 - - -
S. aureus ATCC 29213 19.25 - - 2.90
B. cereus KCTC 3624 13.75 - 1.56 0.09
Bacteria E. coli O157:H7 ATCC 43895 5.50 - - -
V. parahaemolyticus ATCC 17802 0.43 0.45 - -
P. aeruginosa ATCC 27853 0.88 - - -
M. luteus ATCC 13513 55.00 - - 1.45
Yeast P. kudriavzevii DY1 110.00 28.75 - -

AF1, HD1, EM: Lb. plantarum AF1, HD1, and EM

SNT7: B. subtilis SN7
A-4: CW medium A-4 for LAB
D-3: SCW medium D-3 for B. subtilis SN7

CS: culture supernatant / PP: partial purified antimicrobial compound using SPE for LAB

and sep-pak for B. subtilis SN7
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5 A= pH 402, A% 115, Lb. plantarum AF1 7Wdrej=] v okakA ol = g
T+ pH 4.13~4.16, A% 1.07~1.09, Lb. plantarum AF1 MRS B 9FAF4 ol 2 g
T+ pH 401~4.06, AF% 1.15~1.18% & Zol7} U] ekt d et g% w3t

Ay F2bdE A 71 2 AFolv) §lee E]lst¥ ti(data not shown).

15C A% AAe] pHet AH=5 =AM Adp B3 Ao mE & Aolrh vhA

@okem 4T A gA EFE A wE & zor) glas #ld & Sl

(Figure 25, 26). oli= AHA|9] /o] el SlojMe= Addt=4d< Lb.
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Figure 24. Total pH and acidity changes of kimchi during storage at 25T

CON: control kimchi, GSE: grapefruit seed extract treated kimchi, YE: yvucca extract treated kimchi,
AMI, 3, 5: A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%,

ADI1, 3, 5. A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%
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Figure 25. Total pH and acidity changes of kimchi during storage at 15T

CON: control kimchi, GSE: grapefruit seed extract treated kimchi, YE: yvucca extract treated kimchi,
AMI, 3, 5: A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%,

ADI1, 3, 5. A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%
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Figure 26. Total pH and acidity changes of kimchi during storage at 4C

CON: control kimchi, GSE: grapefruit seed extract treated kimchi, YE: yvucca extract treated kimchi,
AMI, 3, 5: A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%,

ADI1, 3, 5. A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%
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Table 49. LAB in kimchi during storage at 25C
unit : Log CFU/mL

Storage (days)

0 2 1 6 8 10 12 14 16 18 20
CON’ 4.31+0.05 | 8.24+0.06 | 8.56+0.14 | 852+0.23 | 8.43+0.25 | 8656+0.01 | 8.33£0.26 | 858+0.14 | 8.39+0.24 | 8.01+0.11 | 7.68+0.20
GSE™ 4.28+0.09 | 8.156+0.07 | 8.36+0.02 | 8.34+0.13 | 851+0.14 | 836+0.16 | 8.39£0.17 | 841+0.18 | 8.37+0.10 | 8.01+0.14 | 7.66+0.31
YE™ 427+0.08 | 8.35+0.27 | 8.44+0.17 | 8.30+0.20 | 857+£0.07 | 828+0.15 | 8.44+0.09 | 825+0.15 | 8.33+0.14 | 8.00+0.14 | 7.58+0.16

AM-1" 4212008 | 83840.20 | 8474026 | 842+0.10 | 8.43+0.20 | 8.34+0.14 | 8.35£0.03 | 827+0.16 | 849+0.07 | 8.04£0.08 | 7.60+0.12
AM-3 4.29£020 | 82140.12 | 8.45+0.18 | 8.35+0.17 | 8.44+0.20 | 8.38+0.17 | 8.40£0.12 | 837+0.06 | 8.31+0.14 | 8.02+0.12 | 7.62+0.15
AM-5 4.20£0.10 | 83440.26 | 8.34+0.04 | 849+0.09 | 855+0.09 | 8.39+0.05 | 8.37+0.02 | 833+0.11 | 829+0.11 | 8.02+0.08 | 7.65+0.14
AD-1"7" 4284012 | 842%0.18 | 8.4520.13 | 845+0.08 | 8.45+0.11 | 8.36+0.07 | 8.320.17 | 84620.06 | 846+0.06 | 8.04+0.04 | 7.66=0.08
AD-3 4295020 | 821102 | 842020 | 838+0.13 | 847+0.12 | 832+0.20 | 839025 | 849015 | 847+0.26 | 8061021 | 765012
AD-5 4312029 | 82440.14 | 8394021 | 8360.18 | 8.46+0.30 | 8.35+0.08 | 8.42+0.10 | 8.49+0.07 | 8.35+0.19 | 8.05£0.17 | 7.66+0.30

* CON : Control kimchi

" GSE : Grapefruit seed extract 0.03% treated kimchi

" YE : Yucca extract 0.2% treated kimchi

" AM A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%

AR ¢ A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%
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Table 50. Smooth—shaped yeast (S) and rough—shaped yeast (R) in kimchi during storage at 25T
unit : Log CFU/mL

Storage (days)
0 2 4 6 8 10 12 14 16 18 20
" S n.d 259+0.11 | 5.39+0.16 | 7.34+0.15 | 8.31£0.12 | 8.24+0.13 | 8.28£0.10 | 8.25+0.10 | 827+£0.10 | 8.24+021 | 8.37+£0.29
CON R n.d nd 246015 | 535+0.14 | 7.38+0.11 | 835+0.05 | 8.22+0.14 | 817+£0.13 | 8.24+0.09 | 811+£0.09 | 8.15+0.20
GSE™ S n.d nd n.d nd 253+0.21 | 4.28+0.12 | 6.38+0.33 | 7.30£0.24 | 7.40+0.24 | 821+£0.72 | 8.44%0.25
R n.d nd n.d nd 2.00£0.05 | 2.30+0.30 | 4.21+0.08 | 6.30£0.30 | 7.19+0.15 | 7.24+£0.12 | 7.27£0.09
ok S n.d nd 2.56+0.07 | 5.05+0.40 | 6.53+0.62 | 7.60+0.53 | 8.34+0.14 | 834+0.15 | 852+0.12 | 8.44+0.11 | 8.78+0.04
YE R n.d nd n.d 2.30+0.30 | 4.18+0.03 | 6.26+£0.31 | 7.24£0.17 | 7.29+£0.10 | 7.31+£0.01 | 7.29+0.19 | 7.45+0.06
AM-1" S n.d 2.73x0.15 | 5.33+0.15 | 7.17+0.13 | 8.34+£0.15 | 821+£0.15 | 8.43+£0.09 | 8.32+£0.19 | 847+£0.08 | 847+0.08 | 8.49+0.15
M- R n.d nd 2.63+0.06 | 5.39+0.12 | 7.21+0.17 | 820£0.10 | 8.11+0.03 | 837£0.03 | 843+0.05 | 847+£0.08 | 8.36+£0.31
AM-3 S n.d 2.79+0.10 | 5.69+0.09 | 754+0.16 | 8.36£0.22 | 849+0.26 | 8.45+£0.18 | 852+0.11 | 850+£0.18 | 854+0.07 | 854+0.08
M R n.d nd 2.69+0.09 | 552+0.27 | 7.38+0.17 | 842+0.12 | 850+0.29 | 846+£0.17 | 855+0.17 | 851+£0.17 | 853£0.13
AM-5 S n.d 287+0.15 | 5.59+0.18 | 7.54+0.32 | 8.52+£0.16 | 858+£0.09 | 857£0.08 | 8.41+£0.35 | 8.38+£0.17 | 8.48+0.18 | 8.49+0.15
R n.d nd 2.79+0.20 | 566+0.11 | 7.66+0.05 | 855+0.03 | 856+0.08 | 854+0.04 | 850+0.03 | 847+£0.02 | 850+0.14
AD-1"* S n.d nd n.d nd n.d n.d 2.26+0.24 | 3.13£0.16 | 4.20+0.10 | 5.39+£0.27 | 6.40£0.13
R n.d nd n.d nd n.d n.d 2.10+£0.17 | 3.13£0.31 | 4.16+0.15 | 5.30£0.18 | 6.19+£0.20
AD-3 S n.d nd n.d nd n.d n.d 2.10+0.17 | 3.15+0.30 | 4.18+0.10 | 5.26+£0.24 | 6.33£0.06
R n.d nd n.d nd n.d n.d 2.2610.24 | 3.12+0.33 | 4.23+£0.07 | 5.39£0.09 | 6.291£0.11
AD-5 S n.d nd n.d nd n.d n.d 2.30+0.30 | 3.03£0.05 | 4.24+0.11 | 5.20+£0.10 | 6.27£0.09
R n.d nd n.d nd n.d n.d 2.40+£0.17 | 3.19£0.26 | 4.20+£0.10 | 5.22+0.14 | 6.311£0.12
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Table 51. LAB in kimchi during storage at 15C
unit : Log CFU/mL

Storage (days)

0 2 1 6 8 10 12 14 16 18 20
CON’ 4.31+£0.05 | 566+0.16 | 6.52+0.15 | 7.24+0.16 | 8.20£0.16 | 812+0.13 | 8.22+0.10 | 815+0.06 | 8.20+0.40 | 8.19+0.20 | 8.22+0.09
GSE™ 4.28+0.09 | 535+0.41 | 6.37£0.15 | 7.20+0.12 | 8.20£0.11 | 822+0.14 | 8.24+0.12 | 820+0.15 | 811+0.12 | 8.22+0.15 | 8.20+0.02
YE™ 427+0.08 | 5331051 | 6.84+024 | 7.25+0.16 | 8.19+0.14 | 815+0.23 | 8.22+0.21 | 820+0.02 | 8.24+0.11 | 8.24+0.15 | 8.17+0.19

AM-1" 4212008 | 548+0.25 | 6.49+0.24 | 7.28+0.16 | 8.03+0.40 | 817+0.10 | 8.20+0.11 | 8.22+0.18 | 8.16%0.15 | 822+0.17 | 8.24+0.16
AM-3 429020 | 547+0.15 | 649006 | 7.09+0.65 | 816+0.11 | 811£0.15 | 816+0.14 | 813+0.30 | 8.10+0.01 | 8.32+0.22 | 827+0.01
S8AM-5 4.20£0.10 | 549+0.16 | 652+0.19 | 7.27+0.19 | 816£0.10 | 814+0.08 | 818+0.01 | 811x0.04 | 801£0.12 | 819+0.13 | 821£0.05
AD-1"7" 4284012 | 55020.10 | 6.71£0.08 | 7.35+0.19 | 8.15+0.02 | 83340.14 | 811+0.09 | 813x0.15 | 816+0.21 | 8.11+0.08 | 822+0.12
AD-3 4.29£020 | 549+0.12 | 6.61£0.06 | 7.33+0.06 | 817£0.06 | 814:0.24 | 817+0.18 | 814+0.06 | 824+0.03 | 827+0.01 | 8.35:0.04
AD-5 4312029 | 560+0.08 | 652£0.13 | 7.28+0.03 | 8.09£0.36 | 816+0.06 | 8130.15 | 814+0.20 | 827+0.15 | 821023 | 824%0.15

* CON : Control kimchi

" GSE : Grapefruit seed extract 0.03% treated kimchi

" YE : Yucca extract 0.2% treated kimchi

AM : A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%

AF : A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%

ok ok

ok ko
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Table 52. Smooth—shaped yeast (S) and rough-shaped yeast (R) in kimchi during storage at 15T
unit : Log CFU/mL

Storage (days)
0 2 4 6 8 10 12 14 16 18 20
" S n.d nd n.d 224012 | 3.56+0.06 | 5.60+£0.21 | 6.12£0.02 | 7.06£0.02 | 8.03+£0.01 | 8.00+£0.01 | 7.92+0.12
CON R n.d nd n.d 2.02+0.06 | 3.00£0.45 | 3.46+£0.01 | 4.15+£0.16 | 5.00+£0.49 | 6.05£0.42 | 6.03+0.15 | 6.13+£0.15
GSE™ S n.d nd n.d nd 2.2510.16 | 3.15+0.05 | 4621045 | 6.15+0.05 | 7.22+0.12 | 756+0.15 | 791+0.12
R n.d nd n.d nd 2.00£0.03 | 2.46+0.15 | 4.02+0.01 | 4.65+0.15 | 5.33+0.01 | 549+£0.06 | 591+0.17
ok S n.d n.d n.d nd 2.24+0.15 | 3.16+0.01 | 4.91+£050 | 6.09£0.24 | 7.15+0.10 | 7.55+£0.06 | 7.81+£0.18
YE R n.d nd n.d nd 2.01+£0.04 | 2.49+0.35 | 4.07£0.06 | 5.08+0.01 | 5.36+0.03 | 5.59+£0.45 | 5.90+0.32
| S n.d nd n.d 220+0.12 | 357£0.16 | 6.05+£0.11 | 6.28£0.40 | 7.19+£0.16 | 811+£0.16 | 8.15+0.16 | 8.17+0.16
AM-1 R n.d nd n.d 2.02+0.04 | 3.11+0.12 | 354+£0.16 | 4.22£0.10 | 5.24+£0.46 | 6.22+0.24 | 6.28+0.14 | 6.22+0.16
AM-3 S n.d nd n.d 2.20+0.14 | 361£0.11 | 6.07£0.15 | 6.55+£0.24 | 7.24+£0.18 | 8.05+£0.12 | 822+0.12 | 8.03+£0.03
M R n.d nd n.d 2.00+0.03 | 3.10£0.12 | 3.48+£0.15 | 4.21£0.18 | 544+0.12 | 6.08£0.22 | 6.22+0.02 | 6.27+£0.08
A S n.d nd n.d 222+0.01 | 3.49+0.15 | 5.66+£0.35 | 6.54£0.02 | 7.24+£0.12 | 8.01+£0.09 | 8.06£0.12 | 8.08+£0.06
M-5 R n.d nd n.d 2.01+0.03 | 3.11+0.01 | 3.38+£0.12 | 4.19+£0.06 | 5.26+0.16 | 6.07£0.07 | 6.19+0.34 | 6.19+0.03
AD-1"* S n.d nd n.d nd n.d n.d n.d n.d 2.03+0.31 | 2.35+0.36 | 3.48+0.56
R n.d nd n.d nd n.d n.d n.d n.d 2.00+0.01 | 2.16+0.16 | 2.52+0.25
AD-3 S n.d nd n.d nd n.d n.d n.d n.d 2.06+0.03 | 2.27+0.15 | 361+0.16
R n.d nd n.d nd n.d n.d n.d n.d 2.00+0.01 | 2.27£0.02 | 2.66+0.07
AD-5 S n.d nd n.d nd n.d n.d n.d n.d 2.04+0.12 | 2.34+0.21 | 3.45+0.05
R n.d nd n.d nd n.d n.d n.d n.d 2.00+0.01 | 2.18+0.14 | 2.82+0.03
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Table 53. LAB in kimchi during storage at 4C
unit : Log CFU/mL

Storage (days)

0 5 10 15 20 25 30 35 10 15 50
CON’ 4.31+£0.05 | 6.38+0.26 | 7.231+0.15 | 8.12+0.19 | 8.10+£0.07 | 816+0.04 | 8.30£0.30 | 8.31+0.03 | 851+0.12 | 8.42+0.13 | 8.50+0.06
GSE™ 4.28+0.09 | 643+0.19 | 7.11+£0.07 | 7.99+0.04 | 8.05£0.06 | 824+0.14 | 8.17+0.13 | 827+0.07 | 8.29+0.07 | 8.33£0.01 | 8.31+0.02
YE™ 427+0.08 | 6.3240.21 | 7.14+0.06 | 8.00+0.05 | 8.09£0.08 | 823+0.08 | 8.39+0.20 | 8.34+0.03 | 8.32+0.33 | 8.35+0.05 | 8.33+0.09

AM-1" 4214008 | 6.49+0.35 | 7.17+0.13 | 805+0.11 | 8.14+0.08 | 829+0.03 | 8.31+0.27 | 840+0.22 | 8.35+0.03 | 8.37+0.01 | 8.38+0.04
AM-3 4291020 | 6441023 | 7.11£0.09 | 801:0.02 | 8.10:0.15 | 822+0.07 | 827+0.13 | 837+0.07 | 836:0.03 | 841£0.04 | 8.33:0.06
AM-5 420010 | 646+0.18 | 7.20£0.11 | 8.07+0.12 | 812+0.05 | 826+0.05 | 841021 | 832+0.20 | 842+0.10 | 8.36+0.13 | 840+0.09
AD-1"7" 4284012 | 64520.09 | 7.23£0.08 | 801+0.03 | 8.09+0.08 | 82040.13 | 8.34+0.03 | 828+0.17 | 8.38+0.04 | 8344027 | 825+0.18
AD-3 4291020 | 6.32+0.16 | 7.19+0.17 | 8.04+0.07 | 812+0.05 | 828+0.07 | 8.28+0.13 | 831+0.06 | 836+0.14 | 827+0.09 | 8.:29+0.05
AD-5 431029 | 629:0.07 | 7.22£0.09 | 8.04:0.07 | 811+0.07 | 825:0.25 | 8.28+0.28 | 8.34+0.28 | 835+0.07 | 8.31£0.03 | 8.36+0.11

* CON : Control kimchi

" GSE : Grapefruit seed extract 0.03% treated kimchi

" YE : Yucca extract 0.2% treated kimchi

" AM A culture supernatant of Lb. plantarum AF1 in MRS, 1%, 3%, 5%

AR ¢ A culture supernatant of Lb. plantarum AF1 in development media A-4, 1%, 3%, 5%
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Table 54. Smooth—shaped yeast (S) and rough-shaped yeast (R) in kimchi during storage at 4T
unit : Log CFU/mL

Storage (days)
0 5 10 15 20 25 30 35 40 45 50
* S n.d nd n.d 2.15+0.08 | 2.78+0.15 | 356+£0.12 | 4.18+0.22 | 4.66+£0.17 | 5.01+£0.14 | 6.84+0.30 | 7.24+£0.18
CON R n.d nd n.d nd 2.06+0.09 | 3.01+0.13 | 3.64+0.21 | 4.06£0.20 | 4.62+0.15 | 5.07£0.23 | 5.46+0.22
GSE™ S n.d nd n.d nd 2.06£0.11 | 2.3420.15 | 2.45%0.35 | 3.06x0.24 | 4.08£0.54 | 5.156x0.15 | 6.27£0.22
R n.d nd n.d nd n.d 2.04£0.13 | 2.50+0.24 | 2.79+£0.20 | 3.49+0.13 | 4.82+£0.11 | 5.06£0.13
ok S n.d nd n.d nd 2.04+0.17 | 2.45+0.18 | 3.00£0.26 | 3.56+0.34 | 4.21+0.71 | 5.36£0.14 | 6.46+0.18
YE R n.d nd n.d nd n.d 2.01£0.05 | 2.64£0.08 | 3.09£0.01 | 3.66+0.16 | 4.80+£0.12 | 5.01+£0.25
- S n.d nd 2201026 | 3.11+0.24 | 3.27£0.04 | 4.2520.14 | 5.24+£0.11 | 5.84+0.21 | 655+0.16 | 7.15+0.44 | 8.04+0.23
AM-1 R n.d nd n.d 225+0.12 | 256+0.15 | 3.48+£0.13 | 4.03£0.20 | 4.53+£0.19 | 5.01+£0.03 | 5.12+0.10 | 5.68+0.03
AM-3 S n.d nd 2221018 | 3451042 | 4.0610.07 | 4.43£0.24 | 5.68+0.35 | 5.94+0.13 | 6.72+0.11 | 7.1310.05 | 8.10+0.13
M R n.d nd n.d 2.20+0.20 | 2.84+0.14 | 350+£0.11 | 4.23£0.08 | 4.88+0.01 | 520+£0.10 | 5.33+0.04 | 6.01+£0.03
A S n.d nd 2.13+0.22 | 346+0.24 | 4.02+0.18 | 451£0.21 | 5.656+0.20 | 5.94+0.27 | 6.68+0.02 | 7.24£0.10 | 8.11£0.10
M-5 R n.d nd n.d 2.30+0.12 | 3.01+0.03 | 3.45+£0.15 | 4.18+0.09 | 4.68+£0.13 | 5.17£0.03 | 5.46+£0.04 | 5.87£0.21
AD-1" S n.d n.d n.d nd n.d n.d 2.06+0.03 | 2.3320.54 | 3.05+0.21 | 4.22+£0.10 | 4.48+0.21
R n.d nd n.d nd n.d n.d 2.00£0.01 | 2.1620.21 | 2.45+0.06 | 3.44+0.02 | 352£0.03
AD-3 S n.d nd n.d nd n.d n.d 2.061£0.01 | 2.34+0.24 | 3.07£0.12 | 4.20+0.11 | 4.43+0.19
R n.d nd n.d nd n.d n.d 2.00£0.02 | 2.03£0.01 | 248+0.07 | 3.04+0.25 | 3.27+£0.20
AD-5 S n.d nd n.d nd n.d n.d 2.04+0.06 | 2.38+0.16 | 3.00+0.11 | 4.18+0.23 | 4.44%0.10
R n.d nd n.d nd n.d n.d 2.00£0.07 | 2.15+0.01 | 2.43+0.20 | 3.00£0.03 | 3.42+0.24
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Figure 27. Total pH and acidity changes of chungkukjang during
storage at 37C

CON: control chungkukjang

ALC: ethyl alcohol 2.5% treated chungkukjang

SD-1: A culture supernatant of B. subtilis SN7 in D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in D-3, 2% treated chungkukjang
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Figure 28. Total pH and acidity changes of chungkukjang during
storage at 15C

CON: control chungkukjang

ALC: ethyl alcohol 2.5% treated chungkukjang

SD-1: A culture supernatant of B. subtilis SN7 in D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in D-3, 2% treated chungkukjang
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Figure 29. Total pH and acidity changes of chungkukjang during
storage at 4C

CON: control chungkukjang

ALC: ethyl alcohol 2.5% treated chungkukjang

SD-1: A culture supernatant of B. subtilis SN7 in D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in D-3, 2% treated chungkukjang
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Table 55. Total viable cells in chungkukjang during storage at 37C
unit : Log CFU/mL

Storage (days)
0 1 2 3 4 5 6 7
CON" 7.40+0.14 7.73x0.10 7.98+0.16 7.81x0.24 7.72£0.06 7.67£0.14 7.656x0.18 7.63£0.06
ALC™ 7.48%0.10 7.78£0.08 8.01£0.20 7.85+0.11 7.68£0.08 7.60£0.08 7.58+0.10 7.60£0.04
SD-1"" 7.30+0.13 7.74£0.10 7.95x0.12 7.83x0.13 7.70x0.18 7.68+0.06 7.64x0.14 7.58£0.09
SD-2 7.43x0.17 7.77x0.02 7.99£0.05 7.81£0.16 7.72£0.05 7.63£0.04 7.63£0.03 7.58+0.01

* CON: control chungkukjang

" ALC: ethyl alcohol 2.5% treated chungkukjang

" SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang
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Table 56. B. cereus in chungkukjang during storage at 37T

unit : Log CFU/mL

Storage (days)

0 1 2 3 4 5 6 7
CON’ 3.09£0.02 4.14+0.29 4.27£0.18 4.34£0.12 4.3620.08 4.28+0.17 4.29+0.20 4.24£0.15
ALC™ 3.10£0.04 3.3620.10 3.0620.05 2.88+0.09 2.43£0.23 2.10£0.17 0.87£0.75 n.d
SD-1"" 3.10£0.03 2.84£0.10 n.d n.d n.d n.d n.d n.d
SD-2 3.0920.04 2.83+0.09 n.d n.d n.d n.d n.d n.d

* CON: control chungkukjang

" ALC: ethyl alcohol 2.5% treated chungkukjang

ok

SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkukjang

SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang
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Table 57. Total viable cells in chungkukjang during storage at 15C
unit : Log CFU/mL

Storage (days)
0 5 10 15 20 25 30 35 40 15
CON" 7.402£0.14 | 7.55£0.10 | 7.60+0.02 | 7.75x£0.02 | 7.71£0.01 | 7.83x0.01 | 7.7220.01 | 7.66x0.15 | 7.656+0.13 | 7.55x0.20
ALC™ 7.48+0.10 | 751£0.12 | 7.53+0.06 | 7.68+0.19 | 7.75£0.03 | 7.76x0.02 | 7.81£0.02 | 7.81x0.02 | 7.76x0.02 | 7.75x0.12
SD-1"" 7.302£0.13 | 7.50£0.03 | 7.60+0.01 | 7.71£0.15 | 7.72£0.16 | 7.81x0.11 | 7.75x0.16 | 7.68+0.13 | 7.69+0.19 | 7.65x0.06
SD-2 7.43+£0.17 | 750£0.16 | 7.59+0.11 | 7.702£0.03 | 7.72£0.08 | 7.78x0.12 | 7.792£0.05 | 7.76x0.05 | 7.71x0.06 | 7.63z0.16

* CON: control chungkukjang
" ALC: ethyl alcohol 2.5% treated chungkukjang

" SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang

- 154 -

Collection @ chosun



Table 58. B. cereus in chungkukjang during storage at 15T
unit : Log CFU/mL

Storage (days)
0 5 10 15 20 25 30 35 40 15
CON" 3.09+0.02 | 3.842£0.21 | 4.05+0.20 | 4.102£0.15 | 4.1320.08 | 4.18x0.16 | 4.20£0.02 | 4.30=0.11 | 4.51x0.06 | 4.40x0.03
ALC™ 3.10x£0.04 | 2.36£0.24 | 2.20+0.11 | 2.13£0.10 | 1.58£0.11 | 1.53x0.09 | 1.30£0.13 | 1.21£0.15 | 1.09+0.01 | 0.67=£0.58
SD-1"" 3.10£0.03 | 2.10+0.22 | 2.01+0.03 | 1.6120.08 | 1.27£0.03 | 1.08£0.03 | 0.65+0.58 | 0.68+0.58 | 0.33x0.28 | 0.3320.28
SD-2 3.09£0.04 | 2.09+0.23 | 2.01+0.17 | 1.6220.18 | 1.18+0.05 | 1.02£0.12 | 0.658+0.58 | 0.68+0.28 | 0.33x0.28 | 0.3320.28

* CON: control chungkukjang

" ALC: ethyl alcohol 2.5% treated chungkukjang

" SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang
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Table 59. Total viable cells in chungkukjang during storage at 4C
unit : Log CFU/mL

Storage (days)
0 5 10 15 20 25 30 35 40 15
CON" 7.402£0.14 | 7.35£0.12 | 7.33x0.21 | 7.49+£0.10 | 7.30£0.22 | 7.256=0.13 | 7.16x0.22 | 7.20x0.11 | 7.24=0.04 | 7.20z0.16
ALC™ 7.48+0.10 | 7.33£0.15 | 7.35+0.02 | 7.37£0.19 | 7.35£0.16 | 7.30x0.20 | 7.17£0.23 | 7.20x0.09 | 7.256+0.26 | 7.03z0.20
SD-1"" 7.3020.13 | 7.4520.11 | 7.34+0.16 | 7.342£0.20 | 7.41£0.08 | 7.18x0.30 | 7.20£0.13 | 7.24+0.09 | 7.30x0.04 | 7.16x0.08
SD-2 7.43+£0.17 | 7.11£0.12 | 7.44+0.22 | 7.40x£0.09 | 7.11£0.23 | 7.19+0.28 | 7.2420.19 | 7.27x0.03 | 7.30x0.03 | 7.1420.13

* CON: control chungkukjang

" ALC: ethyl alcohol 2.5% treated chungkukjang

™ SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkulgang
SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang
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Table 60. B. cereus in chungkukjang during storage at 4T
unit : Log CFU/mL

Storage (days)
0 5 10 15 20 25 30 35 40 15
CON’ 3.09+0.02 | 3.60£0.08 | 3.88+0.09 | 4.0320.18 | 4.12£0.05 | 4.18x0.03 | 4.1720.13 | 4.2520.15 | 4.47+0.46 | 4.37£0.35
ALC™ 3.10£0.04 | 256+0.24 | 243+0.23 | 2.42+0.38 | 1.98+0.30 | 2.02£0.12 | 1.89+0.11 | 1.66+0.32 | 1.66x0.32 | 1.5620.49
SD-1"" 3.10+0.03 | 2.162£0.28 | 2.36+0.10 | 2.10+£0.17 | 1.73£0.15 | 1.36x0.10 | 1.20£0.17 | 0.68x0.58 | 0.67x0.58 | 0.33z£0.28
SD-2 3.09+£0.04 | 2.252£0.05 | 2.10+0.17 | 2.00£0.00 | 1.53£0.21 | 1.42+0.10 | 1.20£0.17 | 0.67x0.58 | 0.68x0.58 | 0.33z£0.28

* CON: control chungkukjang
" ALC: ethyl alcohol 2.5% treated chungkukjang

" SD-1: A culture supernatant of B. subtilis SN7 in development media D-3, 1% treated chungkukjang
SD-2: A culture supernatant of B. subtilis SN7 in development media D-3, 2% treated chungkukjang
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steep liquor 7 B9 F7Fek A AT R AR @A o] FUkek=
g el ddem ax79 45, corn steep liquor B A7}F H7)ol 9
S At e 249 SV vEhuA F8kt fAb e Fbl s s Ao A
dHEFE A Aol S A e FHIFRE HA]d glucose 1969 F-71d Ack
De H7ME Sa Hd dars Hd AT L Fxd 2dE HERUT o
w el wj Al #2 pHi= pH 5.0~6.082 Z47fe] frabte] whel 4 v 2=
Algke AR HAskE An s w A oA Y fakt 5Fe HA w2
S t}eam 2l b plantarum AF1S 30C 24X 7F v Al H) A+ (160
AU/mL) % &FX1+(640 AU/mL) 848 Wetilal Lb. plantarum HD1L 28T
18A17F Wl F Al FHol &A(160 AU/mL) % 331640 AU/mL) 42 Lb.
plantarum EM=2 28°C ¢} 30C 24A17F ®jF Al Ho 3&A:(160 AU/mL) 2 3§
(640 AU/mL) 48 Jerddul. Lew. citreum GR1<2 30T 24A13F W<
Al AY $AT(32 AU/mD)# #1932 AU/mL)E  YEUA ST Lew
mesenteroides TA®S] 745 28C% 30C 2417 HlF Al Hdl A (16
AU/mL) 2 #F#(E2 AU/MmML)E Wetdideh. HAstd delgu a5 ) =4
o] fAabkit 5&9 HA wg =1L o533 2t} Lb plantarum AF1, HD1, EM
< 28T 30T 2449 Hl Aot FAT-F0d &S HehlUaL Lew
citreum GR12 30C 24A130ke] Hdl s dAE-Fd 2L Leuw
mesenteroides TAY 30T 18A1Zkwke] Hu Aot AT &g o
R vt
Az HAuFESE HiA & glucose 1%9F 719 A9t DE H7lsta 2y
< HIF e+ glucose 1%+ 719 At EES H7bshe] FHu Aol FHU)
Al 2w 2L vetdoen 3z pHE pH 60~7022 vebygth F
Azt HujEE wj Aol HA g 21 37T 24~36417teln A 3kd
J

NE

AdHA e F55 wj Aol o] HA wjF AL 37T 24~42A 7kolth
Ad@daded S o8 AFAE7e Mie s dddd=de] dHEE
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2 yepytow A 242 pH 3.0~10.07F4 EE F3rollA oA st
ot =4 AI, Lb. plantarum AF1, HD1, EM¥} Leu. mesenteroides TA®]
AT A3 o] FAL BE 2P oA obAI Aow ey
o Leu citreun GR12 70Ceol7d9] Ao 9&) &l &do] 28 7HA3A
31 B. subtilis SN79] AT 242 70Colde] A #3teA &3] AEs A
ow Fxiyt &4 HF 70To|de] A gtla &Ao] etk &4 ¢hd
A S A3, Lb. plantarum AF1, HD1, EM3} Leu. mesenteroides TAT E&

A2 g-Zre A ¢k

K, protease, trypsin A 2] 7-7koll A A A3 I o] AT

B. subtilis SN79] 73-% dHA+
of o] 73 AEHL g%

o8] &40l

3 Ao yYesytoew Leuw citreum GR1S proteinase

o

std & proteinase K, protease, a-chymotrypsin

A3t B2 protease, trypsin, a-chymotrypsin®l

7€ AA BREAQ] AETAFEE, e-ZEYal, HaFH, adZ ot
spectrum2 W3 A3} 7]FE HA BEA ALSAA slo Fd AR
At AT 4ol ¥t 1 3 spectrum 3 WS AE S
F UM FEAA FEFESE AAs] A HALxAS wRE SAS A3
Lb. plantarum AF19] #uj a5 ¥ A st Ao Ha A3 ws AT T

o w&t 0.42~54.00 mg/mL
plantarum HD1Z EM2 A+
5500 mg/mL, &%o] &7

cereus KCTC 36249

ochraceus PF-2¢ W& HA& A3 &

AdGFEAe A

T e L=

ki
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