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) A FH 9 AFo] FUE & 4 A= A4 (amylase, lipase, protease,

pectin esterase, polygalacturonase, peroxidase, ascorbic acid oxidase) S-of tj%t
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1. Bacteriocin 4} HAlF-& 0|23 LA itg o=

7}. Bacteriocin MAtdF¢] Ea], 53 W 349

—

ZXERE 40FF9 bacteriocin AAF27} BelEgdon o5 £ 25H FF=
LAt 4 Lactobacillus plantarum X o8] S5, HYnBE =8 =319
th E2|FF+= 16S rRNA SN A EM A} Enterococcus hiraeE SR E g}

.

A

L}. BacteriocinF4hS $I¥F HAHZA ¥y

K-25aF+& 25C2} pH 5.504 #t]2] bacteriocing AArslgt}h o]AL ZAx|Ux
8] A A& At ALoA AAsH PUXA=Z F 27| pHrt 5,590 7ZHeHt o K-25
47 Z2AEEY A AE 93 starterEEA AHYTYS & 4 alglrh

T}. Plasmid vs phenotype assignment

K-259F+= & 6 kbol] 3| G5} plasmid’} bacteriocin production (Bac')z} bact-

eriocin immunity (Bac”) phenotypeZ A|uj3t-& & 4= olgic}.

2}. Bacteriocin®] FA U Ex}sr XA

AAH bacteriocing] Fx}8k2 ¢F 4, 3000a o]t}

o}, K-254-F8] WEAAEY

K-25wF2] wild type®} plasmidZ} ¢loIR mutant& starter® HE3}o] AZHY 2
A& 10Tl A La3tHA pH W titratable acidity (TA)S} ZA|HQ HS ujagt



ZA 2} bacteriocing AAFs}= wild type 22| 912 mutanto] B3l pHe A3I&=
7} =8 bacteriocino] ZX|wE x|¢lo] AFAQ GBS n|DG Bl £ 9lor).

2. ALY MY Aol FET F1EALY] By
7}. Chitosan®] A=

AR E) W Yol ol e 759 JIBAS ZA St dd ol BT
recipe?] ZIXjo] FEIIRF F 10Co] ARYAN Tl pH, AEE FFstdch A}
£33 J|EA F "olMHIE 92%0]Ao] BE I} 20-40cps (E=}2F 16,000 - 32,000
Hel)ell siYEE 71EAL AT pH 4.1 QL A% 0.5%2 <70 o] & trE ¢
gl pH 4.9 ¥ AtE 0.35%2 el 2219 APY sjAde] fEY A2 FAFAC
EY I EA Al 23 ZoAx tiRFEHT 943 Zoe BriEgdct

U 78 J1EA 9 J1EA el AAAAAZ o ¥eazy

SOl 2te 7} 92%0] ol A=t 32cps(E2EE 32,000)00 MFE = 712D o
& 5402 F3tle] A2 JIBA e AH(20A T BIE)S ol &3l AXY
T U R B A 7F AAFE Al F udEol vy ¥HES  paper disk
uhy s AR olgslel EMstdrh. 2 A3} Aud JEA g JEN gay
oA 3t ¥ E37t HAHGL i AFol chit MICE 7]E4T 0.01-0.05%,
JIEAr SEUTTE 0.05-0. 22 Uehdic}, Et 74t 2 JEa gennte 27,
A7), 27] W F71e Ax{e 2 microflorad] thsMT 43 33F YL el
on) 53] F<%7]9 nicroflorac] thsf] 73 ¥FY S Uehfe 54& 2ych

oh 8 =N W AR 2elawe) 2A B

FEA/ I EA 2|29 2Ax|AZA] 7SI 10T-20Co] AT F = 2bs)|7be)
ojel pH 33 2 VSHIIE A stdct. 2 A3} pH 4.0-4.20) £dsts 20x)0] A&



7) ERAZe RN HesEr} £24F 2T Br} FIBte Aygolgen A%
7l EWIZE JIER NP7t thzTol uiste] A4 2UolN Hoi 69 ol4t A
dout JEat genYe] Aole 2P} S §4E Bl v, s
BT #2485 ZA70] S50 AA JBHE LAY A9 slmare A

7t FE& 0.5% $E0I312 sh= Zo] AP Aoz WrHYch
2. slEate] &t@rizte it AE

E. coli 0157:H7, S. aureusoi] ths] &£z}3F 10,0009 F|EAto] € albicansol ti3)
Me A 1,000 +F2 634 1AL Felage] ZY 3FEAYS vehidch b
BE AXZRE Ru=EE 9l YUEY, ¥ PP FEA A 143 ojulo)
A JElston S aureus FF2 of 1057} AlEato] EAMH o2 el AT
FEEES nBE A2z} AXEge] Aysle FAEsle JAE TR E Aeg 2
2= olct.

o Al Ao ¥t F| 2R HGo wiE ARY sMdaz

AYAFE AHA B7E BN F82AGIEN AR 0.5%)8 2 43
ARAA (Dol AEABE NSl MY FEIAE BASIATL 10TAM 7}
Z2H YA AEE 0.8% U wf (JAY 71F) EYA/IE v 22 A% 8
ol YUY W SR AelFE AR ULR Sestel JEAre] AZE A
o] AP 10TolA 24 6Q ol ANY 4+ 2 ReE BrHAY:.

B}, Z1X1¢] shelf-life 7418 F|EALY] A2 AE

A ZARE o83 VAL AZs}T o] & olgstel Vol HY B 7}
A& 20-40 cps A=W YolMUBE g2x0l k] BHL AL F A A2y
AESAT,. 719 Tzl thal 8% HCI1(AL)/ 8% NaOH(80T)E 7}3) 22} 5412

ARIBIAL BER FA31 18% 5 82 ¢ e olo tisted 50% NaOHE 7}t

o



100CollA 5-8412F, 105ColM & 3-54 7 Ae|ge2 A olge] 7|E4He ¥4 £ gl

t}.
3. AXMEE 9 BT FT4AYY
7l A8 BLEA

Tt EsTs WRYOZ AMSE D FAZA0 e o 2 olnjiate] A
Ato]l o3l amylase®} proteaseE AL3IYTh AR 1 gF Sl HAZHL a
-amylase?] Z%, BAR, LRIFE, AR, 20lA, p-amylase:= HA|F, Z, Foj
A gA UElRte ™ proteased] F-¢= WAA, A3, AXIIFA EA UEelyct
A AR A o]} vitamin C2] Abslo]] B3} peroxidase®} ascorbic acid
oxidasew 2}Z} ¥, 20|, 3 @ HA|F, 1X/FE, A3 A e ARz
ZF URAEQY HAAZG A3 ANHOT B R @ AHEES Vehd
A, ARIEE JheEsEs o], F, 20|& AlgtE 4 o] A eIkl

2 71A] A AR Foll EAste ZA Y cEHA FAASAAL =227 Azte}
BAY Ta) A4S A A3, HUEEAEL F polygalacturonasee] H|BA
< BAA, 7o Ze0t 88U, AR 1 gi:g HAY4L 150.443 units/g sampled]
3ol 1 A Ueldon 1x7HRe BEE A Ul 2z fA]o #
o3l ZHoZ ¢aA 9t pectinesterase?] H[EAZE Ty} JHF Eoton @A
AE =A Ueluch g 1 g 484 dx(Alo] 3,310 units/g sample® 7}%
wotom B upse] ®go] 27t 0.901, 0.613 units/g sampleS &7 UEbsith 2
2] due] viFHIE 1Y o) FUEY T, uiFEY ollzl RYEE AHJEE €3
3 Aol EATe HelBajasst 2R 44 U 452 T UL duS

& 7o oA"r)
L AR EE At a4y

AE AFA] o2} MAMELE do7|= f 49 peroxidase?} ascorbic acid T}



of] #d3}l= ascorbic acid oxidase?] A& &AF A} peroxidases= BE 71X

Aattoll A A BEE& UEhA] d3tem, ascorbic acid oxidased] 7%
Pediococcus pentosaceus®} Lactobacillus brevisolA 2Z}Z} 0.017 unit/mg, 0.015
wit/nge] A& RAOU, wlFsh Tof Wy vims) nE 2 B Aardo] 4
A= ascorbic acid oxidasex o}F AHUS o 4 gl JleEIELATA W
Edog AMEHI A FAo U © U opm|xate] Agade] Teiste amylase
W protease?] ¥AHL &A¥ A} a-amylased] ZA-$ Pediococcus acidilactici®}
Pediococcus pentosaceus?7t 22} 27.8 unit/mg, 20.9 unit/mgl E Fo] T RTHE= Y
AT wl3e] WHECHS 2S & Ushislonl, p-anylases] 298} proteased]
AL A¥ATY BAol Hl# o} W BHS Uehidch 2xe zAnH B
¥ ZFAE polygalacturonase®} pectinesterase?] ¥AE &3 A} Pectinesterase

S

rJ

(r

lo

71§ Lactobacillus curvatus, Lactobacillus hilgardii, Lactobacillus
homohiochii 5°] ZtZ} 0.010 unit/mg, 0.008 unit/mg, 0.008 unit/mg® 2 v 3 =
A Uehdou thE HNFEA w2 fU4e Nolx wgten, was) R
pectinesterase?] gz} HlAsIA ofF Aol APHE ¢ 4 ddArh. Iy
polygalacturonase®] 7Z-$ Lactobacillus homohiochii®] 8v]&Ado] 0,277 unit/mgl &
VA Botoemn), Lactobacillus plantarumo] 0.273 unit/mg,  Leuconostoc
mesenteroides7} 0.209 unit/mgl 2 & ¥AHE Uveljdct. ol wjset £ poly-
galacturonase?] YR} 2 B S UehldeBZ AAAFANE Ffe EZLent
ofUzl ZA iol] Tt njdEe] o3 PAE= FHio dHE X z2Fe
g o] dojd F Ui AEFH AL

4, Fumaric acid®] 3rd& 2}

J

7}. Fumaric acid®} ct}& f7l4te] st &3}

Fumaric acid7} T} ¥t Ql AIZ G7)xkel FaditolL} Al &xAbe] uls] thiEe
Rabdo] oigt AKA 3 Ago] 2 A
t}.  Fumaric acid®} F&ho] d A

o2 Uehgid I atole mle AxE ek

B0l 9= maleic acidE fumaric acidoll w3} A
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U. Fumaric acid®} uhso] H7tAl7lo] w}2 Zxof =¥}

FE HIBla ©E X 0.6-0.8%2] At=gle] ojREL szto] 1
of ¥3] oHsE fumaric acid ¥7lAjo] Y& U fumaric acid:e 3
7¥5tA] o2 ti2EE o 1.5 123 fumaric acidE B7I A|8L 7.5Q0 BT
theg AZol YAl U3 WEE Ay} A=t a3 EUslEe o fumaric
acid®}t nheg o] FIlste 20°ColN Aashd AR7ZEE wl$ 2A A3 4 9
the A7t =&F T

t}. Fumaric acid& 3713 228 @S 7}

Fumaric acid®} ohs-& 3¢z} & Ab=7} 0.5-0.6%A}0]o] QS ) 2‘7}6}913 o 4t
Eu AT A velgdch RAE @2 of M8 fumaric acidE Hspshd &3}
7t gl o] BerelAE FAFYrl el 48X xlo] A3 AR W oL
Bto] gthe BEF7IE LN UEE LA st Ao Uehyc)

5. Bacteriocin 2J4t#F, bacteriocin, chitosan, fumaric acide] B3t& 3}

7h AlE 1

AxES] XY Fo] bacteriocin FAMFE (10" cfu), chitosan (0.2%), fumaric
acid (0.1%)& ©F Ev 5YLZ HJlste 5ToA WAAFNHA Atz ZAA R}
£ S3Y 23 PSS 2A 1 walg oo ahxql 0.80) sty A0%

AlZtol 9 - 10U oy}t Fe|FF2} fumaric acidS ¥ A7 Z& 15 - 1642
o} 6 - 74X AFHAE Forl

=1 -



v AR 2

BALY] ZIxQ ol HelgF (10" , 2 x 10 cfu), bacteriocin (320 AU/ml),
fumaric acid (0.1%), chitosan (0.2%)S %5 EE= EB3tog AJsle] 5ColA Wi
AFIHA Atz ZAHENE FAT A FEAELE AR 0.8 == o 9¢
£9% Wbl K-257F8 2 X 10" cfu HE& F713 T o 23 £0Fo] oF 15 -
16 A= ZAUE AAdFsr Aok I FFE o 10 cfu 3= H/RE 23
bacteriocin + chitosan B7}22 Alx 0.80] =dslE A|Zto] ¢ 15dF =T B3}
TR o 799 AR AR} e UEUI Y AH=EFIIE AL At

t}h A¥E 3

AYAlo| A AHZE Ao K-257FF 10" , 2 X 10" , 4 x 10 cfuBrstsin
fumaric acid& 0.02, 0.05, 0.1% H=F W& = E3 Friste] 5ColA LFAF
Al A=l ZFAIFHEE FFF A FAVNES A 0.80] =Sk of 6.5¢
A20% v K-257F2¢} fumaric acidE Ztz} 4 X 107 cfu 2 0.1% & E3 As3
T2 149 429310 o 8d A= UFEAJEANE Hlrl

6. & tit 2

E d7E Ba) U8 2AA%E dAEe SE 2989 ZoldAY 27
A A F14E olBY A2 o) ATAINIMS} o] JEAL ]| A Eo]
e WZENT Asto] AAY AFHE Adshedl HEITE T AAE Az
njt} recipes] Aol7t Ql7] WEol FEAIE B dFolN MAW Hyel TS A
g3t tpdAAY 1T APde Leistel Al AAsiok ¥ otk

N BFA o= SULHEY As}, YUY o B 4 ez ¢
HA2 9ol 7S 754 Brh YAAIE HolE Ege] W o2 sjthuct
FaFosr AAVY AFA AALAY FANEAA A2z AES FE

o)

fr e
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SUMMARY

I. Title

Extension of shelf life of kimchi by microbiological, enzymatic treatments and

development of preservative

II. Objectives and Significance of the Study

The objective of this research is to control the fermentation of kimchi by
inhibiting the growth of Lactobacillus plantarum by bacteriocinogenic lactic
acid bacteria, bacteriocin, chitosan, fumaric acid, and also to enhance the
quality of kimchi by the modification of enzymes in kimchi ingredients and
lactic acid bacteria.

There have been several methods to control or suppress the fermentation of
kimchi by physical and chemical ways, i.e., irradiation, chemical preservatives,
mild heating, etc. However, these methods not only deteriorate the quality of
kimchi but also adversely affect the organoleptic property as well. Therefore,
biological way of, such as use of bacteriocinogenic lactic acid bacteria, would
be a last solution,

Korea produce several thousand tons of kimchi and most of them are exported
to Japan and US in low temperature transportation. Refrigeration cost energy and

energy is money. Here lies the significance of the study

_15_



II1.

Content and Scope

year

content

scope

1st

1. screening of bacteriocinogenic
strains

2. Investigation of enzyme
profiles in raw materials for
kimchi

3. Antimicrobial activities of
chitosan and fumaric acid

- isolation of heterofermentative
LAB

- characterization of bacteriocin

carbohydrate hydrolysis enzyme

proteolytic enzyme

lipase

- preparation ﬁnd characterization
of chitosan

- antimicrobial activity of
chitosan

- addition of fumaric acid

1. Effect of bacteriocinogenic

strain in kimchi

2. Enzyme profiles of lactic acid

- changes of cell, reducing sugar,
titratable acidity
- selection of strains

- carbohydrate hydrolysis enzyme

acid and bacteriocin

2nd bacteria involved in kimchi - proteolytic enzyme
fermentation - lipase
3. Shelf life extension of kimchi |- application of chitosan
by chitosan and fumaric acid - Sensory analysis ‘
1. Shelf life extension of kimchi |- changes of TA, pH, reducing
3rd |by culture, chitosan, fumaric sugars, LAB. and total cell counts

_16..




1V, ConclusionAand Recommendation

1. Control of kimchi fermentation by bacteriocinogenic lactic acid

bacteria

1) Isolation, identification and antimicrobial spectrum of bacteriocinogenic

lactic acid bacteria

Forty strains of bacteriocinogenic lactic acid bacteria were isolated from
kimchi, Strain # 25, showed the widest antimicrobial spectrum, was selected and
identified as Enterococcus hirae by sequencing 16S rRNA,
2) Optimization for the production of bacteriocin

The production of bacteriocin was maximized when the cell was cultured at 2
5C and pH 5.5. Considering the temperature and pH of kimchi, the strain seems
to be the best candidate as fermentation controlling agent,

3) Phenotypic assignment of Bac’

Plasmid cured mutant that lost Bac' indicated that 6kb plasmid is responsible

for the production of bacteriocin,
4) Purification and characterization of bacteriocin
The molecular wt. of purified bacteriocin was approximately 4,300 Da,

5) Direct evidence of bacteriocin in controlling kimchi fermentation

_17_



The decrease of pH of kimchi prepared by the addition of wild type culture
was slower than its counterpart: that manufactured by the addition of plasmid

cured mutant,

2. Effect of chitosans on the shelf-1life extension of kimchi

1) Investigation of chitosans on the shelf-1life extension of kimch

7 kinds of chitosan, which have different deacetylation degree and
viscosity(molecular weight) were prepared and its effect on the organoleptic
characteristics, pH and titratable acidity of kimchi were examined during the
storage time at 10C. Kimchi treated with chitosans in the range of 20-40 cps
and above 92% of deacetylation degree showed better textureness and lower
titratable acidity(0.35%) and higher pH(pH 4.9) compared with
control(titratable acidity 0.5% and pH 4.1) evaluated to optimal ripening time
in the course of storage time, suggesting applicability of above chitosans to

shelf-life extension of kimchi.

2) Antimicrobial effect of chitosan and chitooligosaccharides on bacteria

involved in the fermentation of kimchi

Antimicrobial activity of Chitosans(40 cps, above 92% deacetylation degree)
and its 20 hr hydrolyzate(chitosan oligosaccharide) were investigated against
B.subtilis, B. brevis, B. cereus, Pse. fluorescens, E, coli, Lac. plantarum, Leu.
mesenteroides, Ent faecalis and 3 kinds of microflora from kimchi using paper
disk method and culture method. The clear zone were measured 9-20mm at 3.0%
chitosan and 8-24mm at 5% chitosan oligosaccharide, and MIC of chitosan and

chitosan oligosaccharides was shown 0.01-0.05% and 0.05-0.2%, respectively. The

_18_



antimicrobial activity of chitosan. and chitosan oligosaccharide were also
observed in 3 kinds of total microflora from kimchi and was most strong in the

optimum ripened kimchi.
3) Investigation of antimicrobial action of chitosan

Chitosan with 10,000 molecular weight showed strong antimicrobial activities
to E coli 0157:H7 and S. aureus, but chitosan oligosaccharide to C. albicans.
Antimicrobial activities were maintained within 60 min in all microorganism
tested. Chitosan oligosaccharide and chitosan influences leaking intracellular
proteins and nucleic acid of tested microorganisms, the efflux was higher within
60 min. Among the leaked proteins of tested microorganism, B-galactosidase
activity from E. coli 0157:H7 was higher within 60 min. and chitosan with 10, 000
moiecular weight was the most strong. So, it was concluded that the
antimicrobial activities of chitosan was caused by binding to anionic component
of cell envelop and thereafter inhibiting the membrane metabolism and leaking

intracellular materials,
4) Effect of chitosan and chitosan oligosaccharide on kimchi

Effect of chitosan and chitosan oligosaccharide on kihchi were investigated
using above method and characterized in the course of storage at 10C-20T. The
time to reach pH 4.0-4.2(optimum ripening time) was longer in chitosan treatment
than in control by minimum 2 days, and dependent on the chitosan concentration,
However, there was no significant effect, however, in chitosan oligosaccharide
treatment. From the over all acceptance of chitosan treated kimchi, proper

concentration of chitosan were evaluated to below 0. 5%.
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5) Application of chitosan to commercial kimchi

Chitosan evaluated effective in the lab scale was applied to commercial
kimchi(J company, Korea) at 10C. The time to reach Kimchi showing 0.8% of
titratable acidity was taken 8 days in control and 14 days in chitosan
treatment, Based on the above results, it was suggested that chitosan could

extend shelf-life of commercial kimchi by 6 day longer or above,

6) Production technology of effective chitosan to kimchi

Chitin was obtained from red crab by washing with 0.8% HCl and 0.8% NaOH and
its yield was 18%. With this chitin, chitosans in the range of 20-40 cps and
above 92% of deacetylation degree could be properly produced, and its proper

production conditions was 5 to 8 hrs at 100C and 3 to Shrs at 105°C with 50%
NaOH.

3. Enzyme activities of kimchi ingredients and lactic acid bacteria

1) Enzyme activities in kimchi ingredients

Among various hydrolases, amylase and protease were selected with respect to
lactic acid fermentation., Peroxidase and ascorbic acid oxidase were studied for
off flavor production and ascorbic acid destruction, The amount of protein in
kimchi ingredients, specific and total enzyme activity of sample were compared.
Regarding total enzyme activity of sample, a-amylase activity of salted and
fermented anchovy, dried red pepper and salted and fermented shrimp were higher
than other ingredients. Activity of salted and fermented anchovy was 2,790.0

units/g sample, Salted and fermented anchovy, oyster and chinese radish showed
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the highest B-amylase activity (4.4, 2.1, 1.0 units/g sample, respectively).
Salted and fermented anchovy showed the highest protease activity of 13.4 PU/g
sample, followed by salted and fermented shrimp and dried red pepper. For
peroxidase, chinese radish, cucumber, green onion showed the highest activity of
7.2, 6.8 and 5.6 units/g sample, respectively. In case of ascorbic acid oxidase,
salted and fermented anchovy showed the strongest enzyme activity (331.4 units/g
sample), followed by dried red pepper and salted and fermented shrimp.

Pectic substances are important to sustain the textural properties of kimchi
during fermentation and distribution, Therefore proper control of pectin
degrading enzyme activity is critical on quality control in kimchi industry.
Pectin degrading enzymes of kimchi ingredients were assayed to improve the
product quality. Among pectin degrading enzymes, polygalacturonase and
pectinesterase were selected. The specific activity of polygalacturonase was the
highest in salted and fermented anchovy, followed by chinese radish. Considering
the amount of protein contents, salted and fermented anchovy and dried red
pepper showed higher polygalacturonase activity than other ingredients. In terms
of specific activity, chinese radish showed the highest pectinesterase activity,
followed by salted and fermented anchovy. However, the total activity of salted
and fermented anchovy was the highest. Chinese radish showed higher

pectinesterase activity than any other ingredients.

2) Enzyme activities in lactic acid bacteria

Activities of peroxidase which produce off-flavor and discoloration and
ascorbic acid oxidase which related to ascorbic acid destruction were not all of
lactic acid bacteria tested. Ascorbic acid oxidase activity of Pediococcus
pentosaceus and Lactobacillus brevis were 0.017 unit/mg, 0.015 unit/mg,
respectively. It’s negligible value compare with one of chinese cabbage and

radish. a-amylase activity of Pediococcus acidilactici and Pediococcus
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pentosaceus were 27.8 unit/mg, 20.9 unit/mg, respectively, and showed higher
activity than Chinese cabbage. Activities of fp-amylase, protease and
pectinesterase were negligible. But, specific activity of polygalacturonase of
Lactobacillus homohiochii was highest as 0.277 unit/mg among LAB. And one of
Lactobacillus plantarum and Leuconostoc mesenteroides were 0.273 unit/mg, 0.209
unit/mg, in turn, It was considered that softening of kimchi can be occurred not
only polygalacturonase of plant source like as chinese cabbage and radish but
polygalacturonase of LAB during kimchi fermentation.

With above results, new kimchi recipe was construct as chinese cabbage 100%,
radish 13.0%, red pepper powder 3.5%, garlic 1.4%, ginger 0.6%, green onion
2.0%, salted and fermented shrimp 2.2%, raw oyster 1.0% and final salt
concentration 2.7%. Fermentation pattern of kimchi which added chitosan and

starter on new recipe was surveyed.

4. Antimicrobial effect of fumaric acid

1) Comparison between fumaric acid and other organic acid

Antimicrobial effect of fumaric acid was higher than citric, maleic and

acetic acids. However their difference was not remarkable.

2) Titratable changes upon addition of garlic

Shelf life was extended by 6 days when garlic and fumaric acid were added at

titratable acidity of 0.6 - 0.8%.

3) Sensory analysis of kimchi

When fumaric acid and garlic were added at day 3, at which the TA of

0.5-0.6%, score of rancid and tangy flavor were low.
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5. Synergistic effect of the mixture of cell, bacteriocin, FA and

chitosan
1) Experiment 1

The fermentation time (days) taken when TA reached 0.8% were only 8 days for

the control, while the mixture of cell + FA was 15 days.
2) Experiment 2

The fermentation time (days) taken when TA reached 0.8% were only 8.5 days

for the control, while the addition of cell (2 X 107 cfu) was 23 days.
3) Experiment 3
The fermentation time (days) taken when TA reached 0.8% were only 6 days for

the control, while the mixture of cell (4 X 10’ cfu) + fumaric acid (0.1%) was

14 days.
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F++ Gram positive, negative, yeast, moldg& T}e}slA AH&3ILC].

3. %9 5%

52 Y Fgol o€ FFE $8te] API 50 CHL3} Bergey’'s manual of sys
tematic bacteriologyo] A18® Wi g AMgstdon HelAS 98] AxUnZ (SE
M)E AFE3lgT). ChemotaxonomyE €3}l cell wall?] m-DAP (diaminopimelic acid),

G + C mole%, 16S rRNA sequencingS #333}gc}.

4, Bacteriocin®] E2|¥ 3y S449
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EeldF71 BA8H= crude bacteriocing] A ZE ¢]3) pH adsorption / desorp-ti
on, ethanol precipitation ¥ W ammonium sulfate XA (75%)& Qgﬁ‘g‘}ﬁt}, ojuj
Ag-3F HiR = MITGRATE T} TAE crude bacteriocino] WHEA]Z £ thermal in
activation® 8 BAE E¥/3} AZ) ¥ agar well diffusion assay® A]#3}edon
indicator2% L. plantarum NCDO 9558 AR&3tadch Uy@AAd S ¢35t 75, 100, 1
21 CollA crude bacteriocing 10, 15, 30 minZt 7}g3}o agar well diffusion assay
2 A ¥sltoct Bacteriocin®] EAEAH S ZA}5}7] )3} Protease, pronase, lipase,
a -amylase, catalase, RNase, trypsin, a-chymotrypsin 2% A 2|3} ¥ 2& ¥AH S

&3 stgch
5. Bacteriocin A4S <3 A AZAMA

MI7G brothe]l ¥2|FF& 1% %3t 20, 25, 30 X 37ColA uvjekstod AU/mIL] 2
A FastE ZAHTE HFL2E T F A pHE 2] 913 pHE 5.0, 5.5,
6.0, 6.5 X 7.022 175t 25Col A vl3t] AU/mle] ZAIHHEE &3yt
Arbitrary unit (AU)/ml& A3 ¥ 2u) 3AM3}ed indicatorol] cj3) assayRt
F AR FHU HLeE] J4F Aol nlY activity® BRI 731y
T},

6. Plasmid®} bacteriocin JArRA] 4

22 FFE novobiocin® 8 A 2]3}o] bacteriocin négative strain® ¥9ic}. Plas
nidH 2 E $]3lo] Anderson W& AlL3IH o0 cell lysisZ} &o|3}=E 20mM D,L t
hreonine& ufix]ofl H7l5t] w3t} Plasmid7} *|ulj3}= phenotype (Bac’, Bac')
S 23317 Y8l wild type F55 M176o] 3] stabit ¥ o/n ujo¥ste] oJ7]of ind
icator® wild type, indicator, plasmid cured mutant?] soft agar& 2}Z} overlayd}

o] clear zoned Y3} Agarose gel electrophoresisi= 0.7% agaroseS lsl-%i'}.

glct.
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7. Bacteriocin®] wx}gF &3

Ammonium sulfate ¥ Q2 crude bacteriocing ¥l ion exchange chromatograph

y, RP-HPLC 528 A A{t I SIS-PAGEE E2}8rS ).
8. Bacteriocin -3¢ ZAX|UFEA A&} ¥l
Wild type (Bac') 2} plasmid cured mutant (Bac') & starter® (ca. 10'cfu/g) 3

Z3ted 10Tol A pH W titratable acidity®] ZBA|HHHE xSt AxY 24
2 A 7|8 formulad AHEStATE (A2 w]A 7).

A3E., A3 W 2%

1. Bacteriocin®] 379l @ EA

=e|FF7t BAsl= bacteriocin  Gram positive &, TR RAAbF @ &3] 70
2 gslel 29 29 L plantarung 3Aste] (Fig. 1 R Table 1, 2) ZAUE o7
£ 9|3¥! starter H Y3194 S Gram negatived L AR AA31A] ¢toict. =3
A B3 Ao 23} O ¥AJo] £AIEH catalase, RNase, «-amylase, lipase, ly

sozymeX Bloll = F/do] dolglo] (Table 3) ¥FYEAHS Ueh]:= o] bacteriop-ha
ge, acid, H:0.7} o} & & 4 019,1031 EhA31E W x)ute] TIE)A| S whale)
({)r'oteinaceous in nature).‘ﬂ true bacter‘iocin o1& Ay 4 algc}. Bacterio-cin

o] Ydd-e vl 24 7sle] (Table 4) 100CHA 30 ninEQt 7HEstEE BAo] Wol
9lel 01} autoclavingR Ao = Hado] AAlE gt

2. BacteriocinJ4t 2|FZA

HeldF 2 bacteriocin A4t Z2AL 2 25T (Fig. 2) & pH 5.54 ¢} (Fig. 3).
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ojRZ AAWH AP slste] AolM A3 AAAz F 2] pH7} 5,58 &
ey w 2 AddolA 22V FFE HALURY AAE AT starter2A HYPS

4 odrh

m?.

3. Plasmid & &%

Ha|#F2] wild type?} isogenic plasmid cured mutant®] plasmid profile3} z}z}
2] phenotype profile Fig. 42} 50 Z}z} Vehaich ¢ 6kbell 3|%sl= plas-mid
7} bacteriocin production (Bac')3} immunity (Bac”) phenotype& A|ujES & 4 9l

Ach

4, EelH5Y 3

Hal#452 ey, ¥elsty 54 9 G+C mol®s, DAP, 16S rRNA sequencingol &%t
chemotaxonomy& Z¥3t ZA2} 99.3%2] similarity valueE %l Enterococcus hiraeZ
% FA=Act (Fig. 6, Table 6). ZAUH XS ¢35t bacteriocin FAtFFE
o]-2-% u] homofermentative #& Tlake] AS MM 3lo] H3tslx] ¢ith uwlelr £a)
¥ FFLE heterofermentative FF2A & A} BAof] £33t FFUo] Halxgd
c}.

5. Bacteriocin®] A W x|k

Ion exchange chromatogr‘aphyolﬂ 2] %}t crude bacteriocin (ethanol precipitate)?]
chromatogram Fig. 7ol L}ERjglch. SDS-PAGE Az} ¢} 4,300Da8] #x}goE ¥ E
sch (Fig. 9).

6. ®elFFe] YrA AL}

Ba]F32] wild type?} plasmid cured mutant& starter® HE35ld A=A 71X -
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€ 10Col- UR3IHA pH U titratable acidity (TA)S] ZHA]Z ¢l M3lE Fig. 8o
Vel gltt. Bacteriocing AJ4tst= wild typed 13A] ¢S mutantol ®]3) pHe] =
314 =7 =8 bacteriocino] ZAME 2ol ZF A FAL njAg HxT Fgk
T Adch

371 AtE FUY o Eel FFE 1) A @ 2) ZA Uz 7] pHel pH 5.5
o] | the] bacteriocing AJAts}m 3) heterofermentative lactic acid bacteria®
Axtgato] Hom 4) AAPH AAo] L form© 2 acidosis®] $]¥8o] A3 5) blood he
molysis§ Qo712 kon 6) AMIN RulHE £HTL Sof o)) Biyo| goix|
T AT 54E& Zxade] £ A HEFFEY A LFL] AAL ¢ sta-rter
EA 2A& 3] ZAE Aoz eiHc



Fig 1. Antimicrobial activity (zone of inhibition) of K25 strain, a bacteriocin

producing strain isolated from Kimchi, against Lactobacillus plantarum NCDO 955.
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Table 1.

Antimicrobial spectrum of bacteriocinogenic lactic

acid bacterium (K-25) isolated from kimchi.

Isolated strain

25
Indicator strains
Gram-positive bacteria
Lactobacillus helveticus KFRI 659 19
Lactobacillus curvatus KFRI 166 14(D)
Lactobacillus sake KFRI 816 -
Lactobacillus brevis KFRI 353 -
Lactobacillus acidophilus KFRI 507 9
Lactobacillus pentosus KFRI 481 -
Lactobacillus delbrueckii KFRI 149 12
Lactobacillus gasseri KFRI 658 -
Lactobacillus plantarum KFRI 464 21
Lactobacillus plantarum NCDO 955 12
Lactobacillus reuteri KFRI 661 -
Bacillus cereus KFRI 437 4
Bacillus coagulans KFRI 841 7
Pediococcus cerevisiae KFRI 438 22
Pediococcus acidilactici KFRI 443 12(D)
Pediococcus pentosaceus KFRI 167 14
Lactococcus diacetylactis KFRI 185 -
Enterococcus faecalis KFRI 354 -
Enterococcus faecalis var, liguefaciens KFRI 675 -
Propionobacterium freudenreichii KFRI 668 -
Propionobacterium acnes ATCC 6919 -
Leuconostoc mensenteroides KFRI 817 -
Streptococcus agalactiae KFRI 885 -
Streptococcus mutans KFRI 1171 6
Listeria monocytogenes KFRI 799 6
Staphylococcus aureus KFRI 219 -
Clostridium perfringens KFRI 752 -
Gram-negative bacteria :

Aeromonas hydrophila KFRI 461 15(D)
Shigella flexneri KFRI 445 7(D)
Pseudomonas aeruginosa KFRI 252 14(D)
Escherichia coli KFRl 272 9(D)

a : Deferred assay was used: diameter of inhibition zone(mm)

ND: Not Determined
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Table 2. Antimicrobial spectrum of bacteriocin produced by K-25 against yeast strains

Diameter of inhibiton

Test Microorganisms Medium
zone{mm}
Clandida boiding KFR1 00110 M
Candida famata KFR1 00103 M
Candida albicans KFR1 00432 Y™
Debarvamyces hansenil KFRI 00912 M
Hansenula capsulorta KFR]1 00114 M
Saccharomyces cerevisiage KFR1 00104 Y™

Deferred assay was used

Y™ Yeast ext. Malt ext. Agar

Table 3. Effect of various enzymes on bacteriocin activity

No. Enzymes Concentration Buffer Results
Control No-treated 10mg/ml distilled water +
1 Pronase E 5 mg/ml 0.1M phosphate buffer(pH7.0) +
2 Protease K 10mg/ml 0.1M phosphate buffer(pH7.0) 3
3 Trypsin 10mg/ml 0.1M phosphate buffer(pH7.0) +
4  a-Chymotrypsin 10mg/ml 0.1M phosphate buffer(pH7.0) 5
5 Pepsin 10mg/ml ().1M Phosphate buffer(pH2.0) -
5 Lipase 10mg/ml 0.1M phosphate buffer(pH7.0) +
6 a-Amylase 10mg/ml 0.1M phosphate buffer(pH7.0) i
7 Lysozyme 10mg/ml ().1M phosphate buffer(pH7.0) i
9 Catalase 10mg/ml 0.1M phosphate buffer(pH7.0) +
10 RNAase 10mg/ml 0.1M phosphate buffer(pH7.0) +
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Table 4. Effect of heat treatment on bacteriocin activity

Heat treatment Residual activity (AU/ml)
Control 400
75¢C 10 min 400

15 min 400
30 min 200
100 10 min 200
15 min 100
30 min 50
121¢ 10 min 0
15 min 0
30 min 0

Table 5. General characterisitics of K25

Characterisctics results Characteristics results
Cell form cocci Reduction of tellurite -
Cell size(m) 0.7-1.2 Reduction of tetrazolium -
Cell arrangement pairs, chains Dextran formation -
Growth at 10C -
Gram reaction + Growth at 15C +
Motility - Growth at 40°C ++
Spore formation - Growth at 45T +
Gas from glucose - Growth at 50°C -
Catalase - Growth at pH 3.6 -
Reaction in litmus milk Growth at pH 3.9 -
reduction + Growth at pH 4.2 -
peptonization + Growth at pH 4.8 -
acid curd + Growth at pH 8.6 ++
Ammonia from arginine - Growth at pH 9.2 ++
Hydrolysis of gelatin - DAP in peptidoglycan -
Hydrolysis of esculin + G+C mol% 37
Hydrolysis of arginine - Isomer of lactic acid L
Hydrolysis of hippurate - Sheep blood hemolysis -

Nitrate reduction -
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7,045
6,030

5,012
3.990

2,972

2,067

Fig. 4. Plasmid profiles of K-25(lane 2), and plasmid cured mutant
NB25 (lane 3). Numbers on the left represent molecular weight
standards(Supercoiled DNA Ladder, lane 1). K-25 harbours
approximately 6.0 kb plasmid, while its mutant lost that

corresponding plasmid.
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Fig. 5. Plasmid linkage of bacteriocin production (Bac*) and immunity (Bac *) phenotypes
of K25

* Indicator : 1. K25 wild strain
2. Plasmid cured mutant
3. L. plantarum NCDO 955

Fig. 6. Scanning electron micrograph(SEM) of the isolate K25
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Table 6. Levels of 16S rDNA/16S rRNA similarity for strain K-25,

species and representatives of some related taxa.

some Enterococcus

S‘I’qe:fsl23456789101112131415161718
1

2. 9.1

3, 972 973

4 993 987 977

5. %8 %6 958 9.0

6. 979 976 %5 984 %2

7. B2 985 977 979 %59 967

8. 993 989 977 997 9%. 984 978

9. 90 995 976 986 956 973 986 987

10. 988 987 973 992 960 979 976 993 985

1L 989 994 975 987 %5 971 985 987 993 983

2 991 997 976 987 9%5 974 986 988 997 985 993

13, 925 930 927 925 930 917 935 926 929 922 928 930

14, 964 968 963 92 %9 950 970 964 98 93 9.7 967 930

15. 937 939 940 939 929 931 940 937 941 935 942 942 909 952

16. 901 900 901 901 898 893 896 902 901 900 901 902 881 897 897

17. 900 900 899 900 902 895 900 900 904 902 902 902 884 897 900 905

18, 807 900 899 898 899 889 897 898 900 899 899 901 871 9.1 893 901 921
19. 875 883 903 879 896 881 878 832 833 880 883 885 8.7 882 889 87.0 865 864

* Strain name ;

1.

Strain K-25, 2. Enterococcus avium, 3. Enterococcus dispar, 4. Enterococcus durans, 5.

Enterococcus faecalis, 6. Enterococcus faecium, 7. Enterococcus gallinarum, 8. Enterococcus hirae, 9. Enterococcus
malodoratus, 10. Enterococcus mundtii, 11. Enterococcus pseudoavium, 12. Enterococcus raffinosus, 13. Enterococcus
solitarius, 14. Enterococcus sulfurens, 15. Carnobacterium divergens, 16. Brochothrix thermosphacta, 17. Bacillus

subtilis, 18. Staphylococcus aureus, 19. Streptococcus pyrogenes
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Fig. 7. Elution profile of the crude bacteriocin, 40% ethanol precipitate, on DEAE Trisacryl PLUS-LS column
chromatography.
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Fig. 8. Changes in pH(A) and TA(B) between wild type(K-25) and plasmid cured Bac™ mutant at 10°C

during Kimchi fermentation.
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252 2 (niddle lamella)?} 1X} MIE¥(primary cell wall)oa wARCH®,
HEl2 2ot 2 HEAIEY] AR W 2 EYo Y 4¥E oo, A3
Aoz AF AuTANNY s FYE 2y UL V. ok AXY S
dE FEHE RO &Y AXY Asf@Pe ZA o] &3t R F3
7t g 2 dQeR A Jrk®. wEle] Hat AEA ddnoz Exjst:
depolymerase W esteraseo] oJ3] UAE ) o] w] Bs}= depolymerase= RE
Helolul  #EAEe] glycoside AYE JHESSHE endo-9t  exo-3 9

polygalacturonase(EC 3.2.1.15)0} 3L esteraser= HEIE=}2] pethyl ester groupel 2}

4 wn

32

r.l

Al

J
Mo
)

£33t WEJALY o¥bE-& A3l pectinesterase(pectin pectyl hydrolase, EC
3.1.1.11)et}®,

Pectinesterase®] 7t4-E3jatE<Ql RIS Zgol23t A A¥sto 7taE ¥4
oz AYHoE NEMEHS AusA = FLL sta A %4 3
pectinesterase®] #do| 2] B F7iEE 9 X Ayl dAHE He
2 BI3s3 gt ZAxe AxtdAz ##steo polygalacturonase®} pectinesterase
2] dAlzof] o3t AHy EuAH" P o U A3 HrE A ¥ ¥z o
G3HAl AdFE] feu B TTo] HiE LA NEEY HuEsas ol ofsia
t d3EA g3 Ak

¥ X dmel AFH ZMF B4AES AR Y 43 F ol o FoAst= Zo] oy
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.

g} ZAx] HZolFo AL 2E3te, AR 2L A3} F o x| EeHEA ¥
3E doF ZAAY FAASE of7|stA "Hrl A FHo| F¥E F= BLEE
Z2ztz ¥AY BLE HE o1, 42T JleEsSte My 219 A71E A4
A7 ZHe] @348 Z28e polygalacturonasest HEle] YolAe23tE WO T}
7} ol &0l ZAj% ] Ux 2L ©lsiA s|FE pectinesterasezt glom® 7}
FEINEALZAN LAYOE AMGEHI FA FAlo U4Ad F U ofu]iibe] Yito
Hod3}l= amylase U protease, IL-20jA] QtAJFt hemoprotein® B AE-E AASI= F
ol o]2]e} MAWIE Resi= HoT UFA Q& peroxidase® @3 ascorbic
acid®] ¥}z]o] BoIs}= ascorbic acid oxidase So] ri?. o] FAEL 7A|e]
PR R A Re3I7I SERIT x| wWHo B3l u]BE 3| BHH 73
= gtk ZAx RN Ul ZAEFAER FUHY AF ZAUP A3,
Leuconostoc mesenteroides®] Walo] AASITIY. WE ool 22| Yo WAl
n]gE fee] FA7) YK AJIE Lactobacillus plantarumo] Z718he Wb,
Leu. mesenteroides= Zt&8H= Al7jo|t}™ . ol2j3t mlgEel o3 AE A3} of
d 7k BaSo] AgElo] 22 AYE Zesie] atsf siA HH®. Az AR
S S 543 FHoMY A7 I 4R R TATY A7t o
5 Sgxn glon}, uBE ffY A4 FJH A1 AY olFoAA g 9
t}. |

alatd 2 dFodEe 2R JteEELEN WEYLE AMEEHI FAFA
o] W42 o W ojn|i-Ate] Aale] Hoidl= amylase W proteased}, AT AT A
o|2|wtAl 3} Vitamin C&) 4t3}of] #os}:= peroxidase?} ascorbic acid oxidaseZ, 7

n
r

x| z212] «d3te} B 9l polygalacturonase?} pectinesterase ™A & RA}SIiL 4
A EXE vlasted XY FAMNAE AT JZARE AFslaa ot 2¥ 73
oA Fe2|gt it 5ol BAshs HE4E FoA A FHASlo] d¥E F= EL
B B4 zASla, 4R e BAE 43 EXE Hlaste Al A
A4 BAES Y VIRAARE AABIAL o]EE o] &Y AMEE uiy vlo] 3 AxY
i 54& Azt sigch
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Azd. Qg d Y

1. A2 2 A}

< Aol AH8E ZAAARE wiF, B, Q0] 3, nis, IFEIE, 2, AL,
AR F 9F22 AIUES FUSH ASsiATh. Tael HJlE FAsts] 913 Ao}
< SEAIYE ARgSigch o AEuXE dUAF(RES)EE LT PCA(Plate
Count Agar, Difco)ujA|&, RAtF #FHLOZ L= Lactobacilli MRS(Difco)ujx] &
Agton YUEdg Aot BFAGE gt

2. A A2 =
b AXARY ZEAY A=

A2 28 2HAC 2APYL the3) Pl AEE MEY F 3u]9) phosphate
buffer (10 oM, pH 7.4)& 7isle] FAB} 3l 4Tl 1247 5 F&319ch o
o IRX7HF= 10812 phosphate bufferE ol-&3lof F&slart. 329 zaLodg
10,000 X gofl A 2023t WiEel 3t A5ae Raslgrt. 450 S o s 80% &
AAAAIY I 12,000Xgol A 2087 FAEe sl ¥ WAELG 22 buffero] tf
sto] FHI A& 2FAN02 gt AR RF2AL EAAZY F 70Tl
HAsAAN 40 97HE &3slgc).

U, i ol L 23 A H2
ZARE FHakdo] wjek2 dFH MRS brotho] FF& HZs) 37CoA 4847
uje} ¥ wjdedE 10,000 x gollA] 15837 YAlEE3le] A5 28 T o] 2FL

dog st Zze] F2BEE FFslgon, o o RE ANk 4TE RAIstc)
223 n¥E FA A8 650mmol M o] FFEE el
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3. thizlleso &3

Y ST LowryH& o] R3ld ZAslgdon 2 AT L povine serum
albuping AME-3t] Fak st

UGS A2 ZUAE  Stomacher bago]l W3  Stomacher Lab-Blender
400(Seward Medical Uac House, London)ollAl 287+ & E3ix|7l T o2& 23}
of DNS¥ (Miller, 1958)2%8 & Aslgon EEEATL ZTeghg &3]

5. pH @ Alx &3

A LEF] pHE 23T ZAE TF Stomacher bagoll Wil Stomacher
Lab-Blender 400(Seward Medical Uac House, London)ollA] 287} & E3A|z ¥
AF& Astel pH meter(Orion Yodel SAS20)Z Y FAstATh AU &3
< AT AAAF 20 nlof pHAFo] AJA 3 F 0.IN NaOHE Yo 2 = H 35}l

pH 8.10] © wl7hxle] £ulBe &%, ofelel Yol Axtsted Ao Bty

t}.
0.1 N NaOH 1 ml = 0.1 N lactic acid 1 ml
Mol. wt, of lactic acid = 90,08

NaOH 4:H]3F(ml) x 90.08(g)/1000(ml) x 0.1 N x factor = x g

x(g)/sample amount(ml) x 100 = y %(lactic acid %)
6. u]dEsr &3

Z A2l dutNl# £ Stomacher BlenderofA] 287 & Z3A|# Rgyoe
213 A& 1 nl& 1% peptoned- 2 CHAE 2 31438 t}g PCA(plate count agar)
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wjx)of] A F3dte] 30C F-27)0)A 24~48217F vl F FAHH colonyE Quebec
colony counter® A&3teltt. AAFFE= A AE Lactobacilli MRSEiX]o] A
Z3lo] 37C F27lolA 24~48A17F vl T FHAH colonyE Quebec colony

counter 2 A &3¢t}
7. 429 &3

& &= Stomacher Lab-BlenderollA] 283t 2 Z3A|H 2|3 dZFE 3|3lo
NaCl meter (TOA Model SA-10KB)Z 3|3 &3 st4ct.

8. AU &3

7}. a-amylase ¥4

a-amylase®] 7]A 2L 0.5% potato starch (pH 5.9)8 AMg3stden 713 2ulo] =
Hae Inlg H7ISt 40Tl 1082 WA At WSEZUAF 0.3 0l & 333
%1710 0.01 N I; solutiong 271 ¥ FF4E # 10al0] HES sHslel 660nmolA
SREE Ao1Arh Hae] VAL 660 mol A blue color density7} 102 Fe 50%
Z29e B 1 wit2 st}

L}, P-amylase ¥/g

B-amylase B2 2 mLe] 0.5% potato starch (pH 5.9)oll 1 mLe] XFANAE HJ}
st 40TollA] 1027 WFAAN BEE T& INSYLE FASIHc). p-amylased]
4& o] 2764 10 pmoled] glucose’t B¥E i 1 tnit2 spAci™

t}. Protease ¥4

%] AJ28] protease BAE Ansond] YL WHs EFsATH™. F, 0.6%



hammarsten casein solution& 7]ZE 3t 30CojA 10827 ¥HgA7l ¥ 2.5 nLe
TCAE H7Iste] W& FEAZIth 30&3 FAst FAES AAY F A45% 2 nl
of] thdtod 5 mLe] 0.55 M NaC032} 1 mL2] 2/3N Folin reagentZ E7}3}al 30TelA 30
B2 4hgA)A 660 nuolld FRE=E FF3tdct. EEIAIL L-tyrosine g4 S o]-§3}
o 2d3lgom. G4 YHLE REAW | mlo] 1F S 30THA 1 ugd] tyrosine
S A34% u]& 1 protease Unit(PU)Z 3}gic).

uN'
mlo

2}. Peroxidase®4d

Peroxidase?] ¥ ZA-& 2I314 0.05 M phosphate buffer (pH 6.0) 2.4 olLoj] 22X
&8 0.15 nL9} 150 oM guaiacol 0.3 nLE 7}5}e] 100 oM H0, 0.15 nLE @3 3t
¥ FA 470nmoll M9 FIFE WIS FYsigrh. L] YL 1F FU 470 nool A
EREE 1.0 27102 o 1 uwnitE o™

o}, Ascorbic acid oxidase ¥4

52848 238 9|3 7]1A 2= 0.1 M potassium phosphate buffer (pH 5.6)0] &
3JX|2] ascorbic acid& AHE3tAon T 7jAUz} zHLNE EYsie] 30TOHA
1087 9gA17) ¥ 1.59) F3]¢) 6% HPO:E ISt Whg-& FA|AlZich WEs17] A
Az} 1087 g3 2] ascorbic acid ¥3E Hydrazined "ol &Jsted &35t 10

B ot 2k3}El ascorbic acid9}g TATAHoT FA st
H}. Polygalacturonase 73

Polygalacturonase®@4 &AL 0.1M NaCl& %83}= 0.03¥ phosphate bufferoj
polygalacturonic acid& 0.45%(w/v)7} EA HYU F, o] £ 0.48nmlo] FHL
0.02ml& H7isted 30T F2Ro|A ZUBIAAM 2417 5 wHgAlZich g F 10
0C $RoA 38 Jo 545 EZA3IAIZ thS 0.IN NaOH 0.05ml& o vle]
Laog WME & DNSL Inl& HIISIE TA] 100C $RojjA 58 JFAch FA)
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ol & Z=E o YZAIIL FFH4 sule HUIStY EPA F 520mmo)q =
#F=E 533l a-D-galacturonic acid® THE standard curve®} vlal, F{dnre] o

T3ltl.  Polygalacturonic acid®] ®7H= whilal 1mgo] 2417t S¢F 1mge] Y

o

=2

S B & 1 wite s A3t cH”,
A}, Pectinesterase ¥4

ZEF T (Signa)g 40CTE 7128 0.2 NaCl Ro] MA3| b5} mubstm A
0.45% &4S =Aste] 7]AR AME3igt. F2BAHS 3317 98t ulgl pH 7.0
22 2B 714 300l 4 1 ulg 30THA 5587 HHEAIF|T 0.01 N NaOHE: A}
&3to] pH 7.008 33 HYsiel £2Y NaOHR YO ZRE FABNE Arsiar).
BABYRNE FHZA0A o) £ 1 poled] FHEA 15 §ests Hagdow
3}H.2 0 pectinesterase unit(PEU)E the3} Zc}¥),

mL NaOH X Normality of NaOH X 1,000

mL sample X minutes

PEU/mL =

9. &AL

A FeA e & dFdo] 2RI AU v os $£9sigct. 2
NS "E R 371A] Ael2EE AZsto] pH 3.9~4.37F HEE UEAH o
100gS 4:1TColA &dojA AFsigict. ojmje] AARIEL oz, zx7 than,
A%, miest 4 U JE=E 53 BAAs BFrleA stded 1 FAMES
SASEAZZIWOE He slyr).
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34, 2z 9 3
1 AAA2Y BLE4
7). < g

tiefRt AAAES BHASZ ANGE I Q= 9FS A AR 100 g A
33k Fig. 1o] Uehfigdch @A AT A 8F FUSHA JA2PE|2 AHE
dE AR7F9] Z-¢ 59.5 ug protein/g sampleZ 7P &A LEIRten &4

Q Z, A9, EXAY AU} A7 100 g 27} 26.8, 21.5, 19.7 g2

3
2
2 LTS RISy e

T
L}. amylase ¥4

Axe 433 F Y4 FHA FArdBN UEY G 44 ™ 7}
+ETLF o-, P-amylaseE A3t AXAZo] of3] P& ZABHIACE a
-amylase?] 79 B]% L "Rl AL 141.4 units/mg proteinl® 7% &otono
5, AR, ARx71Re BEE %9&"‘31 (Table 1), A& gd ¥/ Fig. 20 Uehd
uig} Zo] WX, IXIHE, A, 28 L2 A JUeiEti(#Z 2,790.0,
1,329.0, 856.2, 556.3 units/g sample). B-amylaset= Fo] Z-¢ 0.52, HARL
0.22, Q0] 0.11 units/mg protein® & u|¥/do] EtoL} A5 FHAHL HAA
o] 4.4 units/g sample® 7}% Egtom ute] &, FolAXx A LElktHTable 1,
Fig. 3). "XR %2] amylase ¥do] #3 7= RI¥ v} glodon} HARE A7}
3 AX Fe #BUY ol 4L o thRFETE WA UEisten, ol Fild
22 Z7lo] 71913 Zojgtz RnH™ ul Aok W amylaseB/go] 9l lactic
acid bacteria®+« Streptococcus bovis, S. equinus, Lactobacillus amylophilus, L.
amylovorus, L. acidophilus, L. cellobiosus T°o] &&|# ¢lom 2|2 Lactobacillus
plantaruns. amylase@’do] Q= ez RugHz U™ AHE Ud AEL F=2

lactic acid bacteriad] 2]3}e] W& SAE2E amylase ¥4o] 9= lactic acid
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bacteriaZt BARCNE Y4 ZAstH oS0 elsto WAR anylase@iol &
Ueht oz 4z,

70

60

50

40

30

20 |-

Protein Concentration(mg/g Sample)

A B C D E F G H |

Fig. 1. Distribution of protein concentration of various Kimchi materials

A : Chinese cabbage
B : Chinese radish

C : Red pepper powder

D : Green onion

E : Garlic

F : Cucumber

G : Salted and fermented anchovy
H : Salted and fermented shrimp

| : Oyster
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Table 1. Protein contents and specific activity of amylase, protease, peroxidase

and ascorbic acid oxidase in various kimchi ingredients.

protein specific ac;ivityz’

Kimchi ingredients ) 3
conc.”’ ,_amylase S -amylase protease peroxidase AAO®

chinese cabbage 2.24 5.94 0.09 0.18 0.17 0.28
chinese radish 1.99 84.79 0.52 0.16 3.61 1.72
dried red pepper 59, 52 22.33 - 0.07 0.03 1.06
green onion 4.43 12.64 0.04 0.37 1.26 0.62
garlic 11.55 - 0.03 0.04 0.15 0.30
cucumber 2.10 6.22 0.11 0.30 3.25 1.89
salted and fermented anchovy 19.73 141.38 0.22 0.68 0.08 16.79
salted and fermented shrimp 21.50 39.82 0.03 0.58 0.002 0.34
oyster 26.76 20.77 0.08 0.12 0.003 0.26

n mg protein/g sample
2 unit/mg protein
9 Ascorbic acid oxidase
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Fig. 2. Distribution of a-amylase activity of various Kimchi materials

A : Chinese cabbage

B : Chinese radish

C : Red pepper powder

D : Green onion

E : Garlic

F . Cucumber

G : Salted and fermented anchovy
H : Salted and fermented shrimp

| : Oyster
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B-Amylase Activity(Units/g Sample)

B

Fig. 3. Distribution of B-amylase activity of various Kimchi materials

A : Chinese cabbage
B : Chinese radish

C : Red pepper powder

D : Green onion

E : Garlic

F : Cucumber

G : Salted and fermented anchovy
H : Salted and fermented shrimp

I : Oyster
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t}. Protease ¥4

Peptide hydrolase®] F/+ 300F0] BaE I glort & AyPojr= hammarsten
caseing 7]AE 3l MAHH amino acidE A O 2N H|Eo|A wiz Bajis
8 B FAsich. A2 wEAEE HX 3 o] 0.68 PU/ng protein®Z 713 &9}
oo, AMFHR, 3, oloMx gA UEltHTable 1). A8 B2 Fig. 4] e}
dowpe o] HAIR, AR, ARIFFIAM Utz 13.4, 12,5, 4.3 Plrg
sample). A}-¢-A2 FPH o2 iU AF o] FUAE o2 AM8Eo gfon A3
A 2] BAY protease= serine| trypsin - like proteaseglil B ® u} olr}
. WAR protease B ATFFHol A ¢kort FAEo] thyUe WEAEQ
< AN o) UE F Y5 2E proteaseB ol & A2 AU Aoz Pzt
wheta Aol FrBske AZRE RulE2AY Y ohyzt AXAHRA] HIlEE
FaAge] ehid JES ooz Lo U4 lactic acid bacteria?] 3
FAE FAshs dYS ¥ Zleo= AlgHr)

2}. Peroxidase ¥4

Peroxidase= &EXZA|ito] 2hg-3te] g sl2nd 3PELS PHPoey
AAE fusie cfRE] A4 pAe] 2AFH®. Polyphenol oxidase,
lipoxygenases AR} 21-8-& ste 4L EZH= ©e| peroxidase: A-2ofA Aol
E7] digol A2 AA, FF5EHE AT o3 Bgel ¢ F43 JUL
O, mebd TEsiA RAHE AS s Astel WARE H3 Qe AN
7Z$-5 peroxidaseo] ]3] A|F2] Edo] AsH sHsdL 9 &t} Table 13} Fig.
5014 LIERA Lo} o] ZHZIEF peroxidase?] MBAH AR 1 goll APsHe Ta
Bd BT B, 0], ¥ w22 A Ueidch o] W B, Qo], 3} A& 1 g@
"4 7.2, 6.8, 5.6 unitsE, 53] £ & FURE AIR3H= 7] AH$ peroxidase
of 23t o] Yol £S He S AABIEE olof Uiy HAHY EHAE cio] W
23 Fog sichHcl
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Fig. 4. Distribution of protease activity of various Kimchi materials

A:

Chinese cabbage

: Chinese radish
: Red pepper powder
: Green onion

B
C
D
E:
F
G
H

Garlic

: Cucumber
: Salted and fermented anchovy
: Salted and fermented shrimp

| : Oyster
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Fig. 5. Distribution of peroxidase activity of various Kimchi materials

A:

Chinese cabbage

B : Chinese radish

C : Red pepper powder
D : Green onion

E:
F

G

H

l:

Garlic

: Cucumber

: Salted and fermented anchovy
: Salted and fermented shrimp
OQyster
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o}, Ascorbic acid oxidase ¥4

Ascorbic acide FPHLEE 717l & 2t ohal AE FolA Ay T
= BAAAEA 2L A FUARQY ujF 100 goll= 46 ng, F 100 gol= 22
mg®] ascorbic acid7} E2dte ez Raga gdom® Axs LMo wie}
glucose?} galacturonic acid2F-E A3HdElo] w72 100 goll:= 14 ng, ZF7|0)
= 19 mg, Qojaolol= 13 ng?] ascorbic acid7t Exists o aaA Q)
8L} ascorbic acids Q0]& H]E3F Pl 2jLo)] 223} ascorbic acid oxidase
ol ]3] dehydroascorbic acid® Atz}E|o] m}z|E: 7}2; BIaE3 Qo A
) &F 2] ascorbic acid oxidase®] W|ZAJL Table 1o LIe}d nje} Zo] WA, @
o], FojlA] ztz} 16.79, 1.89, 1.72 units/mg protein® 2 Holom B3| WA ¥
8ol ul-¢ &lth Fig. 6ol Uehd uie} o] A& 1 g9 B 22} 331.4, 62.9,
7.3 units/g sample® WHAR, IARIIF, ASRoM &GO} HFXRY AfLAE
ascorbic acid oxidase®/do]l tidt A A= B ¥ u} ¢ltl. 20]¢] ascorbic acid
oxidaset vitamin C&] FZFol LH = § W d77 AWHI gloy} 2 Aoy
= HlZ48o] 1.89 units/mgE Y A] ascorbic acid®] o] Fojdl= o A
Qe B2 ul#9(2.38 unit/mg)oll uldte] WA Yelkdth Ag 1 g @ ascorbic
acid oxidase®/gdo] AR, AXIF, AAoA A Ueld AL 2279} A
Ao ehd o] Lo} Fof ulste] iy o nff Ex|T vjBAH Y] Aol njn]
3l7] W Zog BZHct Yty O 2 ascorbic acid oxidase:= 123} pH 3.5 o)
stoll A 2843 He AoE dA oy HEoE L} oy }-7\“‘_°]Ei
A% ascorbic acid ¥FE FAI517] ¢3lME A A3 54
A ascorbic acid oxidase?] EQt Hejz oz AU 4 9= ubdo] Woyt Re
2 3z}

flo
===
b
4
R
_?!_4’
o L nd

H}. Polygalacturonase /3

A g 71A] AX2EF B A2 polygalacturonase EAjo] v]EA I} A& |
gd ¥/dollA] ZtZt 7.625 units/mg proteinz} 150.443 units/g sample® wA] UEIYE
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Cl(Table 2, Fig. 7).
B ARE gy

Polygalacturonase

Ao

Mgy R

o T —!—%7]"1‘-4

A EA o|e]o| = Aspergillus niger, Aspergillus japonicus W

AR 1 g%

4ol A

73571 2.593 units/mg proteinl E H9totr} ©t

iz 3=d

Rhizopus arrhizus 52| fungi®} Erwinia carotovora % Pseudomonas cepacias?]

bacteria® Ast= ZHog
P2 K-

& 2P Bolshe

BIaxs

oz ngEd] 7|d¥ A

ol7] &' wWxRe) polygalacturonased
o2 skt a8y A2 wUn

AEQ SR uYAHo] wl2 E: eoluT) WA Uthton waNEZe ngE
Ag Az WA
polygalacturonase Y4-& THE A Ro) ulst] W5s] &A UEleng Wasg A

o

ol wel FZaggol

7hE A2 A

2 JAtdcl.

o) 1:].

=1 :(19)4 %-"]"—

2 AzHct

tE

B
—

now

AE "t

3}lo] polygalacturonase®@Ad-& A 3}A| I =

=R

T

# 5"92 polygalacturonase E/do] Wx|715e} HHX &
thZ2FRch HRI|Zhe] FIMgel] mgl Woten WX 7}Ee} X 49
pectic acide} HUAME F43

3% 223 WAy o EE BARY U 27 Hol7t 9g B
AT BE

ol

Rnog a3}
2 dAxANERE FE5E= Aol Aoldt ZloR o
£ "X|3Y Wazxyd F polygalacturonase o] BAEHAE 7MHsEE o
Re

—_—

Table 2. Protein contents and specific activity of polygalacturonase and
pectinesterase in various kimchi ingredients

specific activity”

protein
Kimchi ingredients .

concentration” ns)ygalacturonase pectinesterase
chinese cabbage 2.24+0. 11" 0.250+0. 051 0.025+0, 001
chinese radish 1.994+0.03 2.533+0. 365 0.453+0.025
dried red pepper 59.521+0.71 0.269+0,014 0.009+0, 000
green onion 4,43+0.12 0.130+0.021 0.024 10,002
garlic 11.55+0.27 0.114%0. 009 0.053+0. 003
cucumber 2.10%0.06 0.345+0.105 0.044+0.002
salted and fermented anchovy 19.73%0.19 7.625%0. 627 0.168%0.015
salted and fermented shrimp  21.50%0.36 0.125%0.035 0.007£0.001
oyster 26.76%0.30 0.197%£0.011 0.004£0.001

Y Mean * SD (n=3)
2 mg protein/g sample
» unit/mg protein
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Fig. 6. Distribution of ascorbic acid oxidase activity of various
Kimchi materials

A : Chinese cabbage

B : Chinese radish

C : Red pepper powder
D:
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Green onion
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: Cucumber

: Salted and fermented anchovy
: Salted and fermented shrimp

I : Oyster
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Fig. 7. Distribution of polygalacturonase activity of various
Kimchi materials

A : Chinese cabbage

B : Chinese radish

C : Red pepper powder
D:
E

F

G
H

Green onion

: Garlic
: Cucumber
: Salted and fermented anchovy

: Salted and fermented shrimp

I : Oyster
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A}, Pectinesterase ¥4

el WY/ dolun f2] 122478 BEo] HEIEAE Alolo] Ca¥'E s
T VhRE ¥EUeEH  ZAY AL Al Aoz dax Qe
pectinesterase™?] H]¥4E Table 20 Uehyl wule} Zth. o wmmde 0,453
units/mg protein® 2 7} A UEldton HxA, nis, Qo0]o £og ugAo]
=N T AR 1 g% P2 Fig. 8o Uehd ule} go] HxR, & ulge) ¥y
o] z{z} 3.310, 0.901, 0.613 units/g sample® T} x| Zof u|sj A YEldct &
T2 nheEvlge] £ AAL &40l TIE protopecting 77} A gdeon, &
8 HHe IUIE A2 Zlog ¥usta glon o|: nhed] n]gE MAYR B g
uotzt n] g 8o Bgshe T4 A JAdsts Hog Wsta Qrt npse
BulBEYEel & e HIFa gomg® O gy wy =
polygalacturonased’d n|gE2] HSE AAYLEHN Aoz x| APALS
AAsHe 2R YA} B d7ANERE ANAPPA] iy ol gt
TEH LR nhsAMAo] E218h= pectinesteraseo] 7]QI8t o g AlgHc)
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Fig. 8. Distribution of pectin esterase activity of various Kimchi
materials
A : Chinese cabbage
B : Chinese radish
C : Red pepper powder
D : Green onion
E : Garlic
F : Cucumber
G : Salted and fermented anchovy
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: Salted and fermented shrimp
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2. 22 B FAatdo] Biksls as

ZAAHA FHAdgo] At % AE AEA o3} MAHIE doJ|=
F240] peroxidase®} ascorbic acid I}Fjel] By d}= ascorbic acid oxidased] TS
Z33 A} Table 30|48} 9| peroxidaser BEE ZAXAHA HitdolAq AL BEE
VERX] ¢tgrem, ascorbic acid oxidase?] 73-$+= Pediococcus pentosaceus®}
Lactobacillus breviso|A Z}z} 0.017 unit/mg, 0.015 unit/mgd] VYL Rgcl. 2
SU 7 5%o] By ANAEY peroxidased] BHES ulEst Rolq 2z} 0.17
unit/mg, 3.61 unit/mg?] ¥ZE& JEh|YP S, ascorbic acid oxidase?] ¥ig2 v
9} Bofld Ztz} 0.28 unit/mg, 1.72 unit/mgl 2 LIEIL} o]} vlns) Ry Zx] A
RAxbFo] MASH= peroxidase?} ascorbic acid oxidase: o} A#US & 4 g
ch olet T2 Axe X9 FUA3fe] UAJY HAAF F peroxidase?} ascorbic
acid oxidaser FZ 71X YEAQROA FeEln, FHildo] 23t o]3 U Fo
X9 #5Y EAASE AL FHoMI) BT lactic acid, acetic acid 59
iRE f71are] gzt g EFY Aol ZidEnia Alzdct

JNpREARA UFYOE AMSE T FA FAlol U4 & W opulicite] A
Aol #o{dh= amylase W proteased] VS FFY A a-amylased] Z-¢-
Pediococcus acidilactici®} Pediococcus pentosaceus?} Z}Z} 27.8 unit/mg, 20.9
wnit/ngO % Fo WHRTH: RUATW wiEY BHRTHE wS %S vehidch 2
AUt B-anylases] -9} proteased] = WFARE Wyol w3 ofF e ¥
< Jehdglct

AxolA 2l FagEol ikl E4E F AAY 2P} WY ZA=R
HElY a-1, 42YS 7HeRlsl] 22 d3E JFW3h= polygalacturonasest H¥l
o] Yol E3E Yo Tyl o2& EX¥U o ZAA XAE TIA MF=
pectinesterase?] ¥VAH& &AY A} Pectinesterase?] 3§ Lactobacillus
curvatus, Lactobacillus hilgardii, Lactobacillus homohiochii F°| ZZ} 0.010
unit/mg, 0.008 unit/mg, 0.008 unit/mgl. 2 H|ZA LA el ol AnF S
WEl 2 fed Holx| ekaton, 7 5] mgh wjF9t £ pectinesterases]
Y4zt vt olF Aol APEES o 4+ Adrh. 22t polygalacturonase?]

el

frt

.b‘,
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Table 3. Enzyme activities of lactic acid bacteria isolated from kimchi

Lactic Acid ) Cell growth Tota? Polygalacturonas
Bacteria Strain Ne. (oh at 650 nm)  POMI" S
(mg/ml) (unit/mg)
Lb. confusus KFRI 227 0.88 8.39 0.05
Lb. casei KFRI 228 0.86 9.36 0.03
Lb, hilgardii KFRI 229 0.73 9.93 0.07
Lb, curvatus KFRI 231 1.18 9.78 0.14
Lb, homohiochi i KFRI 234 0.38 10. 55 0.28
Lb, sake KFRI 237 1.03 9.73 0.09
Lb, amylophilus KFRI 238 0.74 9.73 0.07
Lb, brevis KFRI 239 0.96 9.11 0.03
Lb, acidophilus KFRI 804 0.30 10.70 0.02
Lb, brevis KFRI 805 0.81 9.44 0.05
Lb, brevis KFRI 806 0.70 9,99 0.03
Lb, casei KFRI 808 0.09 10.70 0.02
Lb. plantarum KFRI 813 1.25 9.80 0.14
Lb, plantarum KFRI 814 0.94 10.63 0.05
Lb. plantarum KFRI 815 1.01 10.30 0.27
Leu, mesenteroides KFRI 218 0.20 11.15 0.02
Leu, lactis. KFRI 232 0.31 9.78 0.05
Leu. cremoris KFRI 241 0.75 10.67 0.06
Leu, mesenteroides KFRI 819 1.11 10.01 0.03
Leu, mesenteroides KFRI 820 0.60 9.67 0.21
Ped, acidilactici KFRI 830 0.60 - 9.83 0.03
Ped, pentosaceus KFRI 832 0.60 9.45 0.11
Ped, pentosaceus KFRI 834 0.73 9.70 0.18
Ped. pentosaceus  KFRI 835 0.22 10.56 0.12
(continue)
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Lactic Acid . Pectinesteras @ -amylase g -amylase Protease
Bacteria Strain No. e(unit/mg) (unit/mg) (unit/mg) (unit/mg)
Lb. confusus KFRI 227 - - - -
Lb. casei KFRI 228 0.01 - - -
Lb. hilgardii KFRI 229 0.01 - - -
Lb. curvatus KFRI 231 0.01 - - -
Lb, homohiochii KFRI 234 0.01 - - -
Lb. sake KFRI 237 - - - -
Lb. amylophilus KFRI 238 0.01 - - -
Lb. brevis KFRI 239 - - - -
Lb. acidophilus KFRI 804 0.01 7.3 0.01 0.01
Lb. brevis KFRI 805 - - - -
Lb, brevis KFRI 806 - - - -
Lb. casei KFRI 808 0.01 - - -
Lb, plantarum KFRI 813 - - - -
Lb. plantarum KFRI 814 - - - 0.01
Lb, plantarum KFRI 815 - - - -
Leu, mesenteroides KFRI 218 - - - -
Leu. lactis. KFRI 232 0.01 - - -
Leu. cremoris KFRI 241 - - - -
Leu, mesenteroides KFRI 819 - - - -
Leu. mesenteroides KFRI 820 - - - -
Ped. acidilactici KFRI 830 - 27.8 - -
Ped. pentosaceus KFRI 832 - 20.9 -0.03 -
Ped. pentosaceus KFRI 834 - - - 0.02
Ped. pentosaceus KFRI 835 - - - -

* Peroxidase and ascorbic acid oxidase activities were not detected,
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% Lactobacillus homohiochii®] W|ZAo] 0.277 unit/mg. 2 713 &gton,
Lactobacillus plantarumo] 0.273 unit/mg, Leuconostoc mesenteroides7} 0,209
unit/mgO 8 £2 BPL Uehidrh ol 7 5% Ry Axguxz 29
polygalacturonase®’d &% ZAol vlas) 8 w) £, 2o, HxRe WARTIE U
okx|rt, ufsot chE WYX 8 polygalacturonased] BAKTIE B VNS LERY
Act  ols}t T2 AAE njFo] H w) LAYEANE Fel TL®uk opz} 71X

dths 2E ¢ 4 gk meld ol mAEELS AojTomy e TARM

Ut A4 BAAY 4+ Utkn A=W

12 e 9 22lds Aol 42 A YRxE U A LEPA AarFe] zE
BAY FAEE T2ES A7tE 2stn 2 5] AT wixgxe w2y
&S FIstel A2 AXuiYulE dysiact &, EZY wigy| Lol AlE
He XA AN Aol #Fosl: polygalacturonase, vitaming T} sh=
ascorbic acid oxidase?] H/o] £ OBZ ol& FAo| WL ALIAOT s, B
< AFlAM o3& 43 peroxidase Vo] ol HIYVE YR Nz n

& H7Ple 54 vlaAYE] A AR wjiu] RS Table 49} o] Aastd
t}.
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Table 4. Composition of Kimchi formula tested

(Unit: g)
Std. formula‘’| Treatment-1 | Treatment-2

Chinese cabbage 100 100 100
Radish 13.0 13.0 7.0
Red pepper powder 3.5 3.5 3.5
Garlic 1.4 1.4 1.4
Ginger 0.6 0.6 0.6
Green onion 2.0 2.0 2.0
Salted and fermented anchovy 2.2 - -
Salted and fermented shrimp - 2.2 2.2
Oyster - 1.0 1.0
Sugar 1.0 - -
Final salt conc. 2.7 2.7%0.5 2.7£0.5

4. B4F 54E o8 =¥ AR PESY
7h pH R AtEe] W3

#E dEXE Table 4of Ufehd uie} o] 3t He|HE UXE ARt 104
1Tl AZsIHA ol 52 pHet Atxe] FAHQA HMEE Al@stgct.  Fig. 99 y
Epd upel o] JlellE At 1, 2004 pH 5.8~5.98 tfRF 5.50] u|3) LU
U R 7dARE e 258 2T gaton dEWI|A 16Y0E pH 4.18-20A
Al A2l xol& Ho] F| ottt Atxe] W3h= Fig. 1004 HE v} o]
271 Al AelF BF 0.26%F-Zoll A Alxpst R 7dxifE "HXAE AR gz
TR A3 E FARE He|F 1, 27t AbdAgo] el WA FRAZA] RS AL
Roct o]y Aol WARZ AR FEAOlM & Rog sAFr)

. sy He

AARESE F BLDY HE Fig 116] Uebd uie} go] Atxe] wzjel:=
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Rt 2 Aj-3 Ae]7Eo] FH3) zasis AY

whE A9 Nel7el Azbe} Ryshx| edgiet.

o

Hglom izstola 4o

T} g4 Wt

228 ATUE Azsto] 10:1Cold BEAFHN oS8 AT AaF
o a3hE AWM Th Fig 12004 BEo| £F42 W wE AR EY F4)
FA3] Boldg RAFU SRS AT MF 1, 204 £ F4E Rojzg
ch 32U Fig. 13614 Uehd sheh o] BatZ4el s NelT 2004 ZAS
Bl A gk o ol AYA Azl 71AY Ao MR HelE 18] HLo
£ tjzTol us] Y5 &S WAF 45 Mo 2},

e A3y 54

22X wulE eyt 374 A FHURE AN A2stod pH 4.18320]
T7EA] GEAA o 100gE 4+1THN B Aol TRE AAolA ATty
ch olufe] AARGEL o, 27, i), At njest ¥ EY3 JIES 53
BEAZsI FIlstA ¢ Azl Table 5o Liehd ule}l go] RE Nz K
BE RALU AF 19 AR B Ppo] Y Aelrt 2UA JIEN &
< & B Foch

Table 5. Sensory scores of Kimchi made by different formula

Items Control Treatment 1 |Treatment 2
Appearance 3.3 4.0 3.6
.Texture 4.3 4.0 3.4
Carbonated mouth feel 3.1 3.8 3.5
Sour taste 3.9 3.9 4.0
Peppery taste 3.9 4.1 3.6
Overall acceptability 3.7 4.0 3.6
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Fig. 9. Changes of pH during Kimchi fermentation
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Fig. 10. Changes of titratable acidity during Kimchi fermentation
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Fig. 11. Changes of reducing sugar content during Kimchi fermentation
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T AF7HA & A 2R AP = WA B2 Yy, JtdA, dAAE, %
AbdAe], WEA H7h 4 TUEY HUL BEER EUb o Fol AAEHR ey
Y%, P AL 7% U AZA #53u7 AvsiAl 4228 JldAHe
Sul @ Az AHstE dog| oA AeH2 WEA F2 Y4 AR AN
54S 2UAY 4+ dUch

olgt Z2 At EHME Q3 ol VIFAEE UEle VIELS o|§sio &
28] WE, 54 L Hn) Aol AA u S BKE AAlste AR M=E
2|31zt st AF7F APHL et

A Folle thUd FFEA] Exlsle=d ARt conalbumin, avidin, lysozymeZ}
2-8.9] lactoferrin 52 whillal HME  citric A}, succinic 4}, benzoic 4AF, REaAY
propionic 4H58] #714, AEA 2Fol| £F FRE ©L 12-18749 APAl,
thyme, oregano, cinnamon, cloves 59 Aea8 flavonol 2}
proanthocyanins(tannins)%-2] MAHe ME Zo|ln Julol= humulonez} lupulone,
hydrocinnamic At 8% %], caffeine, theophylline®} theobromine, phytoallexin 5-0]
d2A Qlrh.

ol AAEY 52 ZAY HERA axFolel= EU3} 537}t Aoyt
ol 4+ ¥ulst AR ool S nA7] wiFo] Ao HY F&sh=ul
o= AT Ao HIToe AEELL0 F&IF FAR A &2 YU JEAS
2 ARG ko] g8l A7t AL et

] E4H(poly- B -D-glucosamine )2 AlAA o] FH5HA Ex3h= QLA J”L
(poly- B -D-acetylglucosamine )& ©olMel 33l 8L 4 9l biopolymer24 14
Eo] o}ASHE W A3 2] polyelectrolyte FZE o|F3 gloen 1 E|¥ety HA

o ostel RFUWY, AAVBAS, YUANS, YITAAHE A8, YUY S,
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Chitosan Fusarium solani®} F. oxysporum cepae 5 A &84 HdFo) thshr 3

TENE Hojn YolMUNET} EE4E ST AINE W oz gHA 9
th. 3 J|EA} O BB P. aeruginosa, B. subtilis @ §. aureusol] Tj&jA|
28 AF¥EE Ushla e Aeg Ra¥ bl Ut} oy | EAlY ¥F g
AEEFL] SHHE W2 9l macromoleculeZ} chitosano] Zjtste] A|Xeo] b
& At nAEE AHEAI o F33 7] EAto] n]HEe] DNAet Zgsted nRNA
B8 A 4E AUt Tl dou F sk M BE J|EArY 9ol
8 8ol A% el ZAYE 1 e dm ok JU, #FFof ule} tiert
AEH E23y F2E e nd B 543 Exl3tel wrel 7ol tiE 7|
ExY] 548 AU Aol FUAY A= o137 FyFHol AA ok AA
olth.

B, F1EALe] FA BAY ATE 4520208 £ZHYA] | EA AU 1)
HEQo nAE B3} AdFoME MiFE 23 WY JIEA AL SxHE Hts)
of ZAE A2 F¢, JIEAL Ayleke] We4F Algto] Zastn A9 A7
< o 10871A] dZAZ 4 Q& o= Uelgton chitosan} C}E REA H7}
of wlE ZX o Mg YA QdFol ML chitosano] BEH7l HLE L wl BRI}
At 7 chitosano] itof g3iEle] of & FYPo] Yelt Ao RIAFHT Q)
B AEAL 1Al MiFAX] RYAA AR REHo nAE G8 AdFoME Ex}
Fol TIE 439 A& JIEAE A wi3ARo] Wil AXNE Az A SE
H7IEED e 478 2-38Zol= Aglo] 328 Aolz} gadoeut 4 6Usjol
Eaigo] 2 7124 AskTo] TIE 332 B4 WrAR] W3] AUste] ot 7}
A LEld Zles RAFD itk ¥, FIEAto] ZEr|e REM nxe & A
TFolME F1EA U7 pH 9 A AR BHAME J1EA ¥IZ2 BAIE Alo]
of 213l 2lol7t Q= Aoz vehtz gt

ol’g o] F|EAt Ao iy FEAFE HI B vl2F AT} o]FoH

fd

2

(r
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ou 2A ARH WS AW BN S8 BY AARY H2o| olFolAA
WD EY AXol AT 4+ Ak JEA AAY Aol chy dTHITE AL o] F
o{2)x] kgt
geld & dFoldE sl EAle WoldUstE, B, JEAN EHB(FEY L2
@) 5 w@el oy AAH AE, 2N APY AM 23} © LAl A8
ARY FH FIEA BAI1EE AUt sl

(A ¥
-

AH2d, dgAlz 9 Wy

1 AExE

7Rl & FIEAY AZE 3 FAVE FAEM dojH FAYELE ol 8sld
th AAJFAEE 7IRME rAEAIRA AU Ay AL AHgsldn 33 2
A HEE AT ABE FPN R AEE 2oz ogstAct AHEH At
T 5355 AHESigth ¥FAIE S ¢3 UFEIHY FS JdIdel Ru” 2

FE o] &3}y
2. Aguy
7t F1EAYY] ZA 4 Yoldsls, Ax W Exjgke] &3

TAZEAE BT F olE 3% Hato: 3|7 aiste] wrabEaS A AT
AL B2 318 48 F 5% NaOHE 90TCoA 1242 A2]ste 7|8l L)
ZAH F]81E 50% NaOHolA] 100°C, 12417t A3l MY ARsl= walog elop
Y= (PUSKY) 99%0) 44 © wizhx] o] FHE wHEUo A Exls 9 Yolyd =y
71EARS Aot FRFRY F1EA At A 2 49 I EAAZRANSAHY Y
ZE Pol A FHA AR HAstdct. J1EAY] HEE Ostvald BEAS |83}
o 25ColAN HUEEE 5o nje] 243t Axel Exlake EEUuA4 ey
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20cps, HolMEIE 92%0]4Q] J|EAS 1% Halo) 5.5% HEE L35t pH
5.0-5.5 E| =& 3}o] chitosanase(Fx|#e}, U&) 0.00136%(w/V)E 7}5}o} 40-50Coj
A AL IHPStEAM AZHEE b B F 70ColA 1087 BAE AN T

Zsta, 579 Azo] 2 F FAAZ sho ALt
ok 229 AZ U WAL

AEAGolAe] AAAzYY o2 L ARt w32 xo] AAGS s3] HY F 3%
o A=} HES A¥stn EUde AR e SR gage dde] Tyt
BAE AzY F fAY T2 dFuEeAe "ol /UL RASIES sto 10-2
0Tl MgstdA dedst & oldety AAE Psigr). ojuje] ANPRARY &
o1& wiF 100ge] cistel 3t 3.1, IFE 1.8, uhe 1.5, 4% 0.4, B 2,901
t}.

AU FEAIHAAN B7HE slEAte] HgzAg AuAe Ay Hgslr] 9l
A = 77 AAA AL Y2 E ol WA A A AarellolM Mz 2
Az wet FIEAY ZAAE AP Ne| 7Y S0kg TR ARl LA Py
& A F 7129 4E3 U 500g ©el2 o] ZAR ¥ 8T incubatoro]
ARTEAN dRATEE 23 FePA L olH ANE Wedrh (PA recipe
' 4 3o u3A)

gt F|EAt Eelage] HPLC £

TSK gel NH.-80(250mm x 4.6mm) ZEE A}-235}d mobile phaseE CHCN : 0.2M
HsPOs = 40 : 60, F<4-& 0.7 nl/min 2 3}o] A0 RIZ detectiond}g T},
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vt 2 &3sigct &, Z2A 0.04g& B 20mlof] 0|3 o3t
2 F 10mlE 33te] At Tml U B J}Sle] 20mlE 3}3 o] o

SmlE Aol 33t WGt 105ColA 24A12F B3l F, ZtstolA] Qake A
g thE ¥RES E 5.0nlof Ho|n ostdrt. o 1nlE ulAf Q= AlPBo 3
S} NaC0; 6.36g& ZWate] Eofl 50|a olof olME olME 1.5n18 713 ¥ 22
vol. & 50ml 2 3t olMRobE A0S 2. 0ml 715t 96TolA 1417t 7t = wizta]7)
il of7]of] EtOHE 20ml 7}t ¥, oo p-aminobenzaldehyde A]%Y(p-aminobenzaldehyde
1.6g, @4t 30ml, 96% EtOH 30ml)& 2.0ml7}3t ¥ 2A17F %x]%F 530mmojlA FIYES
&3t thEat gol F3FAA Y gye elgct

ST (%) = EEEYY] HE(vg/10nl) x Sa/St x 10/ZAAJ2le(g) x
100/10°
(Sa : Y] FYx, St: TFELAY FHx)
xrEFE G0 55 4,000ppn (FFIAINOZA)

Y, rk‘.‘.

F 100m!

gl pH 9 Atxe] &3

Z2XE d43} 3l AYE E2T S OrionAtY] pH meterE o] &3} A 23
stglch At=s ZXE 23 ¢ Fof o] 10n12] pHyt 8.30) HE o WAy 0.1N
NaOHS] e Z@stel Tohdch AAAE Thes ok F4H%) = ax £ x F x
10 x ml/g a: 0.IN NaOH®] AwH]|&F, f : 0.IN NaOH®] factor, F : 0.IN NaOH®] 1mlof
Ashe f714F Al

Al BTG &3

DNS ¥ o g ZA3}drct,

oh. 34 W AN+ 2%

- 111 -



Fd+= Plate count agarE ©|&3l53 BAMFLS lactobacilli selective agar

Hix & o] &t FAstAct.
ZL A 9 FAAE

71278 A §48E AQANE F2 ARY FHo% I FAH 502 panel
< 2R sl sHRPEYes MAsiAth BAAE Duncan] WHoE HF
thHs Blastgict.

2 1B W RN Seawe] ¥EY &4

7B A JBA SElagte] ¥FES FAs] ste] Ut BInjgEE g
9l+= Bacillus subtilis, Bacillus cereus, Pseudomonas fl uorescence, Escherichia
coli®} FAYF Lactobacillus plantarum, Leuconostoc mesenteroides, Lactobacillus
brevis, Enterococcus faecalis 4% X ZAX| &4 A|7|o] wtel A& Ato]3t microflora
Z8E& THRI= AAAA L] FuHEE AR UFPS FFstch AYE IR
€ agar plateo]A] mono colonyE #]3te] A wjdste] Algslgion 2z & nyE
8 BRole §4717 € ZAFES whfste) A3 ¥ AF Aot @A,
nutrient agarl} LB agar& A|R3}3L 0.7% soft agarE AR ¥ APZA]| F2E F
UsHAl Este] 259 agar plated A ZR3IIATE 7)o YAt FELM FL JE
At &2|31F& paper diskol U loading 3lo} thatFFel HAHA L& 2N
24X MGF JBA ey FEYo] osie] UEluE F3o HAGARY 3
712 BE¥E FFstarh JBA A JIBA Leage MIC(x)E JIEN F2 JE
A &R E BEEE HIY ANYIFE I7TolA 72412 vlYSHH A 640nmoll N F
F=E &%sle] T3l

FR71Z I E Y tSEFEE E coli 0157:H7(ATCC 43894), S. aureus(ATCC
144458) 8] bacteria®}l C. albicans(KFRI 432)2] yeast& tfAa£3 slglon 3¢
A= 23 Nutrient broth, Tryptic soy broth#} YM broth& 2}z} AMg3tgich.
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b WAz gy fae 23

Y39 244 A A2E YUE(12,00xg, 208)3td 7| =4t Aalo] o] A}
FEUAY MZto] m m BN feT GUA g Hito] Ty 45U ¢
Aom chds} kel ST 280 noot 260 oA 2] FHEE StATh Tl &

¢} 7% bovine serum albuming FEEthYAE slo] B|absIIc}
E}. B-galactosidase ¥4 &3

E. coli 0157:H7& lactose media(Difco)E o]-&3le] njotslgon ujoks dAR
2](3,000Xg, 10&)sled FFE 343 t}S 0.1M sodium phosphate buffer(pH 5.8)&
o183lel HUY F A S0 Tt WA VAT F WULe (12,000
g 20%)3tq A459E 23 ¥ 1M O-nitrophenol- B -D-galactopyranoside(ONPG) 2
A 1

% &4 HES &3

S. aureus®] damaged(leaked) cell number: Tryptic soy agar(TSA) o NaClo]

7.5% ¥-{H Tryptic soy agar(TSAS)oll FAlo] BF3lo] mjat® HFMEE colony 45
&3t
5}, Ca¥ &%

E. coli O157:H7, S. aureus, C. albicans wj%Fojoll F1EAKM.W. 10,000) 1
mg/nle] FE7} HES sto] APAT ALAN F dAFL(12,000Xg, 102)T ¥
B3E59E& 25t 0.45m membrane filter& o]&3lo] ojzlslolr). ojz}er 9Q

ICP-AES(Inductively coupled plasma atomic emission spectrophotometer, Jovin Yvon
JY 138 Plus, France)2 EA3lolct. EFEUZE ICP-AESE Ca 0.1, 1, 10 ppnl
£ ZAste] 3 o] &Y AYI UL 2dstd on 393,366 nmoll A A slgic)
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H3d, d+dx 2 2%
1L A9 ARy el FAY 2 A

I EANS A §8& 7Hedt HeY Exg 2 Yol U E sl 7] £
(Table 1)& ZAsIH o o] ZAAAZA EUdoR Hristo 20ToHM £44]9)
A 574 H71A 3Uxjel A1 7dRlo] 8, 237, ANF 7|3 oyt B
HARE AAISt ZAA e AYY 4% 7Hed& mhetslanzt s1ocHTable 2).

Table 10] AH AR} 759 F|E4HE AXAHZA] LS EA o] tisted 0.5%(w/w)E
=5 HA71ste] AAE MR 54 AJIE ZFY U)ol iyt B5AAL A B2}
2ko] 16,000(20cps)Ql C-5 Al g Exlako] 32,000(40cps)Ql C-6 He|Fl thzF
of ulste] o]l glojM {2t Xlo] & viehx] ¢igtor} Eajatoe] 280,000Q) 7|E} X
ol Hegte] e Urils BXg Ren 237 A9, tzrel 7%2
FIEAL A2 3o E Xol& Holx] a1 gt W, &7ef Asls 7UA
A= J1EA SR Hagto] XY 3 Atn] @ WFnje] 2%t masking® & ¥]a
A oA HAE&Edden Holjog sE4te] Exlafo] 16,000~32,000:$]0] L Eo}
HAEB=7t 92~99%0] 3PS C-5, C-6 MelFol R zo] $431 JEA BRe
B2 vehiA] ot 548 B4t o] A3E AEx} JEAS Ao AAY A
T 69 o] FFEE ti2Fo) nlE Ago] VA LU= U 59 Azie} JELN
TEAE HA ] /S o] XY £$4& o AE AN AN ¥njE 2
U= RAAZACEL ¥ o5 Azte} wiad Falslgch. 3w RNELS 7| E4ale] 7
B2 HoME =Tl 545 Ssitia Rt v gt

ol’d8] AT AME W AVY JEAL AXY ANy VAol HAsiA 289

T ol ALZ s g},
2. B3 JEAE Hrbslel A=Y PR olstety By

2719 ollel ¥ A3 AX] AYY A% 7heidel dFE B 16,000, o}
AR HE 99%0l FFshe F|=AL W AT 32,000, HolHEHE 92%0f st 7]
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A AR AR ¥ A A 5425 10T 45 Z4F o33}

7t pH W A= (Titratable acid)2] W3}

C-5, C-6 7|EALS Aot AZRZ ZAXE 10To A3t A] pH HHE &35}
et Fig. lofl Vehd wiel o ——-1—'% 27 ole 2ot F|EA A7 5493
ol o]zt AAHA] dstort 573 2d FHE 4U4F 7R 1 EAL AUl pHI} tiz
Fof vEl 0.8 B= A A=A 4% o]Fox FIEAL Xe]fr} cfzFo] v}
o pH7l Bl 3 A FAIE= Z¥E Eola ddrh ol T2 FYPL F|EAt] 2
9] 44& AAATIL AZE AABke ALz J|BAMY HTlel o3t AR %4
of Togsh= MF BFo] JA=EHI US }% 3ol *IA}EIS’- gich. gt F1EAR
Az A0A FIBAY 579 olu| i 7](NH) 7} NH; ol mel Aoz 40|
2 BE7} th2Fol vlsiA WA R 9lE Qr AE WA ++= grt

Fig. 2+ C-52} C-6 7]|EARE. H713t 2x]g <4 2 AFAIE (titratable
acidity)®] HEE Uehd ZA2E 4 279 Axe BE HeFoA 0.2%0]% o

&30l A wlet B4 ATt ci2Fof vl3] IANFHLeE W2 AxE e
I % C-52 C-6Tolls E Aol & HolA| Yt

ditzlo g 71X A%7] pHe 4.24F0l3l WEFI]Y pHe 3.6F =00 Atz
7S H=7] 0.5-0.6%, YEF7[ol= 0.98%71x] Uehtbs 2o g Haso] gled &
Ao S4 3870 pH 4.1 L A% 0.5%F LERAIL Qlo] o] AJ&o] FHKI|2
zicigjglon o] wfe] F|EAF Al pH 4.9 @ AtE 0.35%8 UEhjodz o8t &
3712te] 9% Bate AT Ao AA fRAIHE 54& Uehidrt.

oo Az AT JIEA HIMA UE 24 o|FHE JEA HIEE pHI} ©f
ZFETE HU3 UFE 8YolxE pH 4.47-4.774EE FASigcie At =9
glycerin & ethyl alcoholZ} ¥7 ZAto] ol F|EAL 0.5%8 Z Ao H7IE o pH
4.0-4.20] =93tz 7|0l tiRFHT} 28] AR A} FAIRY AHE o=
F|EAbe] ZAAPUFMFY] Ao 3 nx|7] Wlg e Pzl
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SRE AEBEE

x) e
ol At B{AAel o] AHo] & Ao AatE I Qrt. watA J|EAL
Azl AzY Hibd WsE AEste A2 ZAA Y AR ¥ JEARY BAS
AR3Red ol Fo3icta & 4 glch

C-52} C-6& H7lste] A2y ZAAY $4F FHNFY HIE ZAsPE B¢
71EAME AZRE A9 F A d2TY AU AolE Holx| ¢ 4
th ol2i’t A= J1EAe] A S4F AT ASE JAY Aoz gy A

1

o

o} A3 thE ZLE ol JIEANY ¥F 2YER Yt AaF FEAHA A
oA 2 et Ak 43E 5o AAEA 2 At BAEAE sHsEol ol

t} W, FNEAY [FYPL SMHFI) o]F &Ulo] 25t Lactobacillus
plantarun®) 43& SAVTHE & 5(1996)8 17} oof of FRof ML T
she B AlgelA 2AIS] T2 g

3. "olddstzrl ofE J1EA BB Haed HAE

FIEA A IR BIES ¥ %El HESH7] S8t EAbRFol 280,0000] 3L B
ol =T} 2t} 70%, 85% W 99%Q) F|EARE celluclast(NovoAl, AQA)E FHA
3] 2 FIAES udeE AE oWt Fu) njAEQA uiFdF, Bacillus
subtilis, Lactobacillus brevis, Lactobacillus plantarum®} ZAx]=2E {2 total
microfloraol] th¥t 3}FH2E 12} 02 paper disk methodo]] &]3] MAEE= AL A
AT 2719 AFE FFYe] &4 L BEZE=E FA3IATh (Table 3)

E. coli®] %ol HoldUstze] AAY] £3ldY 1EA J1EAN FANS
123 B EolA ofzte] aFVAPE UehN I Bacillus subtilisol] thyt FHL
RE BeEold PTUAS UEhIGon Fo| YoldUSEsl 9951 FEALY 2
TAFsAEL AEA W B4 E3E BTN v 2 ¥4 vehigdch x
Lactobacillus brevis= ILEZ} 71EAL @ 1A 4 23)BoA ZRo] Aaslgo

™ Lactobacillus plantarum®] 73S ®olMdElslz el FAF3] Al7te] AGe BE
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AMEFAA Bl sl o veiyic

3, ZAAY $43471(A)d de FHAFE o] &3ty FFAYL MAA Ay 2
oAb 7B Aabde] BAE dA] Ritdon, woldydsize] Aol A
RES 1A1ZE Fof FafEolAl AarFel Aol A i

ojd3 ol 1AM ez AR JIEA U FIEAN BNEY ¥F5Y HE A 7]
B4 71EA BES Fuid njdE 9 ZX dE #E AdF 48 oAy
T ol AAE e X9 shelf-life NS $13iME "ol ETL 99%0] 4
A FIEAND} o] THeEES ol 83he Zo| gLl AFFe FHolM Ry A
o= zickE ot

4. 1B Lol A Hr @ EA

FIEANS E2 9 "oldditzo] utel FFYo] tiyt Aog dxlz gloy
o= F|EARZ EAMo] A glo] gol AFHU/NER o] &3l HsiME ol
A2 4oy ZES] Lelag 2460 AN $FE R Ao 2 2o
7b e oz daAa Yok |

W2 dF Al m=d J1 24 JMeEAES 3~43A Yol FAHEY AfHr
© 5~7% ol "ol FYEY TaEel ¥FEol 2T Aoz Uehy 1EA &
A2 F2 5-7ZA o] o] ¥FYS vehie Aoz 33D Urh
opeta] 2 dFolMs 5-7IANY o] HriFoz would AR (JAnY A4

&)o] 2 LAY E AU £ e PHS AEIIA YolHU =T} 99%
A tde s dE FZEALY Chitosanased ©]-€3}o] 5.5% chitosang pH 5.3, 40T
ol ALankStAM 35207k 2alste] FafA o] whE nye] Y AL
HPLCE £ 3tgitt. (Fig.3)

Table 4 W Fig. 4ol= 99% 7]1EA £3lE2 Sejade] 24 W 5-73Ae A28
888 E UEhd o2 5 6 W 7FA Y AP 3 204l 2tz 17.31%, 7.51%
H 3.86%2 2cjol] ©etdon o]¥FRElE: 5-7A|9 o] MR} Laste AYL B
gich ¥ ZE|aw BE4EY FRole 2543 £siE0] 98.04%2 713 &A UE
Ui glgdent 5-7Ale] gl EA uehd 2043 EIMEE B4l

r.?.
Hﬂ
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94 49%(Elson-Morgan ®: 89.0%)o] &3}l 9o} 5-7ekd|9] aFA-S 13 o 2043
B3 Eo] 8 AP E FIEAL AT TN HAHZ Ao witvtE gdct

5. frE J1EAL 4 FIEA LT YIFFA

7h. drt F3f u] g oyt FIFA

FIEAL FollA vl Exlgo] ol o] JitE = EAIF 16,000, "otM¥
s 99%Q] F1EANT} 5-6A1e] Ul JHY wWeol URH 204 F|EAY EE (0I5}
FIEA EElawelzt ) o83t dwt Fuf njdEE dejF  Bacillus
subtilis, Bacillus cereus, Pseudomonas aureus, Escherichia coli 4%&of} t]¥t 3}
4& AESHYcCL Fig. 50l Uehd uieh Zo] FF2 4 JAE UEll= clear
zone 3.06 J1BAL % 5.0% A EAL SR Ao Told WY BRSO Fe|
4% dABE 3 vl(Table 5), tid FFol thsi F = ol At 3.0%
F1EALS] B9 13-20mm HSE 5.0% F|EA 1P F9E 8-11me] HHE B2
o JIEA & F1EA Sl BT dut Ssfu] & st FHde] 48 A
o= Uelsith ©H AEA gelnel uls) sEAe] 2T WEHE Uehd ol
Az ditEd LA 712 “*4_7.4_1—=1<>i dasir gtsold 71EAL el
R tl= 7| EAM] long chain®.® LA poly cation(poly-NHi ) .24 Z}-2310 2 A
ool F3o] Fty] dEee 44Hrl

L ZA] Fuin]gEol oIt ¥4

gurzew ZAAL %4 W Fule FAyurin oA e FAANF 4F
(Lactobacillus plantarum, Leuconostoc mesentercides, Lactobacillus brevis,
Enterococcus)& 422 43719t Zol(1)¥ H2) ¥4YE st

Fig. 60 LIEbd uje} Zo] 3atde] 4% A& el clear zone2 3.0% 7]
Eat @ 505 71 B4 EelaT Ae|FolA B BEHALH 3.0% F|EAY BFP=
9-20mn MY E RP3 5.0% J| A ST F e 8-24mne] HSE Ho(Table 5)
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71BN o JIEA eluY BE XY $4 2 Exjo] Tt HalFol tsie] 3
@80l F5 Zor Uehda J)Eato] Hardo] Uit FFHNE JEA a1
g Bt 24 Yehts 538 B4k

ol’ge] AollM Feoldt AL FEA W 7 EAL gelate] sFYo| Ax|e] &4
A7) olFel Zdsted XY Alsfo Fo¥ttn gdA Qe Lactobacillus
plantarumol] th3iM=E  Z31A  UEepdtis Holr). £52 1Bz I EAl]
Lactobacillus plantarum®] &g HAAH o Atz sledon ¢+e sorbic acid
o} 22 A FREA I} Lactobacillus plantarum BTh=  Leuconostocd: o) gl A

%2 U% JANAT st Algsts HEZ2e] wie} “]"354 A go] tddt o
E BAHATL. weby 2 dF3AAME F1EA U FEA gelago] R Ay
of #oidts A2 &3 A  Lactobacillus plantarumol th3] 73t 3FLAEL Uehy
Rong JIEA W JIEN Leuge AXSEHT olFo] &S FFAAS Uepd
T A& 22 sy

tlh. ZAXRe % microflorad] th3t &7

AR 44710 el ol Rt FRe Makdol AAsAY zeiEsE &
th wetd JIEA EElaRe] UFYPE S s Y whHE 4470 w)
2t ME /o|% microflora 24& 7IXE AN ZnWEE cate s PFYg
F3shs o] "asician BetEgich, # AfelME $4A7)71 Aot AXE o
€3l FnjPES 0|83t disk methodoll oJ3t BFAL ZAsiadc). SHA 7|} A
ol AA(&KAERT), H7l, A%I)E sl FFHOE nlay g ojisto o
Bl E FIEA SElae] ¥FYLS FHsIAc) olu) RS RxQ) pH Y AE=
582718 2 pH 4.57, AtE 0.25%0130 3 $4 2719 2L pH 4.02, AFS 0. 75%0)
A3 547718 AL pH 3.78, A% 1.24%0] ).

Fig. 7ol \Iehd ule} Zho] &4 X]7]7} Aol gt

BE 22 P4 JEA U sy
Zelagel] 7t ¥ microflorad] gA=|o] FHelg gl

Ho

aT

3 &AH clear zone?] 37|
E B ¥Fdo] Halgg
53 S4A70e) 2wy 72X

= JIEAF 14-23mn, J|EA} &2 11-18mme]
Ch (Table 5) Z|EAl @ 712t gelagte] $FY
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(kimchi-IT)ef thdte 718 &2 FFAHE Holi gt ol Zx 44 FHJ) o]
of ¥t LA Alslo] Bojgicta UHA Q&= Lactobacillus plantarumo Rl

BN D BN Lol HE o

I O

4
g}

2 AV 22 Aoz JzHL)

+TE 72X e g3tEA 640nmoll A FFE
538t YILEJE AT ¥ ZoE olE FFo] UF MICE JEAY] AL
0.01-0.05% HeIQAal 7| EA Le|ae] Z$ollE 0.05-0.2% P2 Uelytch
FIEAY Eelago] F1EAte] wls) MICZF WAl Uehd 212 Zelay Fo ddsYo]
H& 2-43A] gEo] g iy $heEo] 7] gjREos Az of Azl A
ol ¥ J1EA el MICT} 7| EAte] MIC Bt} o 2u) A Jelytcia g &
He Axtel Kalstdct.

3+ Table 6 I Table 70 o &

i

o

6. J1EA HF7IATEE AT EAE JIEALY Y@E B

FIEALY] U L2 HEFEHL 2A31E w1 9l macromoleculeZ} chitosano]
AYsto] M2 HHYE At njAES AHAZ T T3 B 0] nAdE
o] DNAS} Z3ste] oRNA B gzt el ¥gg Asidicis F3bo] gloy F J1x] 7t
A BEF JIEAR ol Fdof 23t Eelel Age I Jtes stz gt 1
Al FFol whel iyt AEHe Bty 12E A& nyEe] B4 B
ol whet FF Yol thE JIEANY AL HEY AAHolZ 2R AFE oAz}
2l HyEo] oA ¢ HdFoE B AFE APt FHolM F|EAle] b= 3pFy]
Zof chs] HES= A2 & Yuirt et AZAE ) wleld B dFelHE Exjst
©] 1000, 10,000 T 10,0001 3F2] F|EAMS o]&3ld AEE UNFZE Gram

HI

d

negativeql Escherichia coli 0157:H7, Gram positive$l Staphylococcus aureus} tj
EAY REFoE U3A At AFE AFQ Candida albicansol] tigh & &3}
g BY £M3te F1EAte] ndE] MXEHo nXe d3¥S BEYCZAN FAIF

& A3tk

7t B2l wE JIBAY 33
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F|EAt B2l wb2 E coli 0157:H7, S, aureus, C. albicansol th3t 3}FEA
& S 98t F1EAT &8|%(1,000) B EXIgFo] 10,0002} 100,000¢! + £5F
2] 71EAtE 0.1 mg/mle] $E2 HIsle X2 A3o] wlE BEF4E FFsdr}
(Table 8, Fig. 8). X2|7% E=}ao] 10,0008 71EAF A7l 10%(4 log cycle)
o T4t Rastel MY g YFVAL UVehigon, 7B geage 107 J=
o I 47 e AR FFFH AHe1d MR W ¥dFBHEE BAc

S. aureus®] Z9X E coli 0157:H78%} Aol A8t A3 Uehjo] Exjalo)
10,000 ¢ 71EAte] 71 &S ¥FYAHES Yelle Zog A" gy S
aureusol] ti3t FIEALS] BF™HAHL E coli 0157:H70) v]dtod A L2 F YA L}E}
sten sbg dddido] fesiria et Exba 10,0009 F1EAN B9 107 =
2 F7 24 A28 Uelyr)

C. albicanso] th¥t 71EAte] FHL glo 7latt F Fo] Fol vislo ti4 t}
£ kg Uehdgth Exiako] 10,0009 JIEAIRTE Exjo] o 108) HE F|EAL
glargo] 7Hd A BAEE Yehle 202 yeldth ol C albicans®] B$ A
Fol 43} FRE E coli} S, aureus®t= M2 THE A2Y 2ZE 7127 of
22 B ek =Y £ A= 77 o442 glucosanine2 & o] FolA FEA &
|2ge] 713 §\_ A FHM 3] pisatin -FEFAH LS UJeEhgth= Kendra 54 B3
2} frAbstolct. ¥, Sudarshan 52 71E4te] o]24 olui7|7} nAE HEz}
AP oA MELY R4S FoiAA dFd¥A ol Yehdria Busie E Ay
A Uehde 71EAL Ex1o] wE NE clE 48PS ndEe 1R MEye
T2 @ Fol 28 B2 54 AojolA 7Qstdctn ALEE gt

o

Ao

(1.!

U J1EA Hote e ulE 34y

F|EAL HIFsxol| W& E coli 0157:H7, S. aureus®} C. albicanso] tijl 3d¥
He vpetsts] $18}d E. coli OIST:HT, S, aureus®] Z-<S 748 8+2¥Ao] %A UE}
o Ex}at 10,0009 F|EANS, Candida albicans®] 7Z-$ols 7]E4t e 2whe 0.01,
0.1 9 1 mg/ml®] $ELZ HJlste] AZtel] wWE B BE2F4E Sl
(Fig. 9).
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E. coli 0157:H7 ¥ S. aureuso] ti¥t 3}7ZYP H7lH J|EA =7} 0.1 mg/mLe
2 1% we BIVNS
Folle L2318 Z43te 5AS UENGCE Sudarshan 58 AIELE | E4to] 23
52 ol Wol WAHUSLE o]l A yehdrin stgddl 1 mg/ml F|EA
Ao 2% udE AT AN JEA 527 ZRICE Q3] nAE Ao
Rhitgo] WSt F59 PVl HEE A fEoz B2tE ot

RV, Candida albicans®] Z¢& J1EA $E7 71845 AFYdo] $43 A
L2 Ueixton F1EA elage] A4 F4 A 107 $29 njokdt yF¥AH L U
Ehfiglct. F1EAY A2 ¥ 602S 71E22 FAPE £EE S35l Table 90 Lleh)
ottt E coli O157:H78] 7§ 71EAL &y A2l -0.745004 -0.1762.8,
215 10,0009 F1EAF Ag|LE -1.50004 -0.348, E=x}3F 100,0009] 7| EAL X7
t -0.41014 -0.278% FA3] EEHE FYS Ui o] BYL S aureus}
C. albicanso|ME FAlstglct. o448 Azbe F|EANY 3B wHo| Qo] A
Aol 7]03}H7] wiZel] | AN HIt 27]0] AYH FIEAl0] HEAIE Fox ALHO
2 AxEyol A= o] o] UFFY ol FAY £ & FEA By} 2ast
7] ELE 3= gct

e on 71EA S5 1 ng/mlE 108) F/AHE A

th F1EAL A2jo] wiE whid o Yabo] FA9 K& &3

E. coli OI5T:H7, S, aureus, C. albicanso] tjs}od Ex}2} 10,000¢) 7] EALS 0.1
mg/nl FEE F7I8te] Azte]] ulE 280 nmoll M) FREES ZA3lPom o] & bovine
serum albuming EFTHHAE 3lo] oAl =& Aakstey 2 AAE Fig. 109
EhAgiTh Al 71A] Ael BE 7| EAte] oyt ubgA|Zto] Zojdol uwlel ME wto g
28 A o] Frlete ZoT Ueldon 53 BE AzLolA ¥k 142
7Ex1 2] el f-&go] Jh W Zles AL

E. coli O157:H7 ¥ S, aureusof thgt thyz [k Bxjaro] 10,0009 7] EA
< AstAE B9 71 5 A {EFE Uehiden Exlafol 100,000¢ 7
Exte]l O vl 2 &2 w3 {&3E uvehiddrh. 28y ¢ albicans o RS

JEA gAnwe Adsde B¢ B =S VUA K22 Uehdo] £ coli
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O157:H7, S. aureus®] 73 $-2H= tl4 Alolgt AzE Yehjgr).

e, Fig. llole A $79 o]dEo] tiste] 7|EAHE=}SE 10,000)2 0.1 mg/nL
o BEE Ay ¥ YUPPEUOR FAHEE 260 oA FHEE 2 Az}
2 Al 35 nRE B 1S 122 ool 71 W WAUAEY $5US Ueh)
Ao o] A3: Fig .32 WU £ A A9 FABEE S50 siel A
o) il o gAY f&0] Aol dolitee ¢ 4 gt g, Fabgol
A AA=E]= bacteriocin @ Al@AA ] &Y 3= colicins, defensins 52| s+Fchal
< HHAO0F cationic ¥ A4A W amphiphilicgt AL 7}x]3L 9lo] cell membrane
ol binding/penetration Eo] FHPL Uehls Ao Bustz gt} JEAE
ol49 BFEAI FAIY cationic FAE AL QonE FEike] BFBA G|
olE] U7} fAlY Aos FAHE L

ZHH, Lactose W|X]& o|&3}o] B-galactoseE induction A|Z! E coli 0157:H79|
tiste] EApgo] tE FIEARS 0.1 mg/mle] ST A3 = 308 602 Ao
B -galactosidase UL &P Az}, EAHF 10,0002 71EAHE Hestde AS 7}
% &2 B-galactosidase ¥dE VeI Qlo] F1EAF Halo] &3t stFPAe] A7)
U BEs wide] 29 2 #Ho] AULS ¥A U 4 AdcrHFig. 12).

gl FIEAre] MEu} &ab F3}

= AdolA ALEH JIEA F 1A yF YAl $43ivia ikt Exlek 10,000
A FIEAL] AHE &4 BHE mietslr] 9319 0.1 mg/ole] SEE X T A EY
(M Ze})ol leakage7} WY S, aureus®] WEF4E FAsTHFig. 13). I A3},
NaCl& H7}s1A] 932 wiz|(TSA)ollA &BH F4ol v|3le] NaClS AJlsld A =H
uiR|(TSAS) el &FE F47 tl2F oiy] 1710 o8& Uehfdch o224, 71EAH
ol FA|2] leakageE FHAIFIL U0l AAE I o E3 whydz} Yare] §2
#o] HkE 1 AlZ ool Hci2 Z3H Fig. 103} Fig. 11 Ao} ¢ s 2 o)
FIEALS] FHY 2 njBEL] MEY Eafo 23t Aog Azt

ol F1EAt Azglo] w2 M EHe) ca¥ e &I}
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FIEALS 1 ng/nl S 52 S, aureuso]l thdlo] Ae|sla 305, 608 Hzae] 4
g ICPE FH3lo] 2 AE Fig. 7o Uehloch 71EA e JF Age
25.08 ng/mLZ & X|em A|zZte] Zzgte] uwhel F&3] F713he Aol =}
% 10,000 Q1 J1EAHS Aejdt Azt e w27 /MY & 22E Uelyrh o]
23 Azke M2 o] F o PP EQ teichoic acide} 7|EAte] AYUggo A ca”
o el FEdcths ¥ 5o Aol fARE Aggoldrt. W, Inukai F
Bacillus sporeo] &z|3H= Ca®'9} Mg®'& chelating agent® H2]3ld S A$ sz =
dcia stgdch wetd FIEAR nAE HXHo] Bl og Ajsie] MEY FRE
My, &4A1A Yol Uehhe Aoz Az gdct

o]zt Zol, FFoll wiel YFH/dol AsA Uehtes JIEA 213 U Hsjgo]
AN E Aolgt AL n|PEol ulzl ME i AxHel Bty FZE sl 9l7)
oz PZxgct. FIEA ] ¥ AZRE ol Yaps 83 2 ca¥ol #
EF e EZ NaClo] M7 wix]olA HEIA] Rt #5771 Exfticies A
FIEAte] FHAE2 uBEY My 9 MEE w3l o] uveidrin 3zt
Holch ¥ FFHEo] 60 olUo] A Uehd AL F1EAle] }FAR-S dol
=] ALH o AYPYFY AUSFE AA] Eoh wtebd J|EARE 33t J]Holz}
7Rt EAIRY cationicdt 4o % F2, AY 5 E2HA 7™ sl
HAEHo] A, leakageE AUt MEJU EW §&, AEY AN 5& /U
st YAEAEE Uehls 2oz Atgsdch

7. FEIIEA W JEA Sade] AXHILE

7h, FE JIEAL 9 I EAY el X Aot &2

871 NBZAIIN FEY Ao HIH I|EAI|EA &8 1(C-5/201] ZHE3)
)& AAAZRA HIst 10T W 20TCo] AR’ T 37|00 w2} pH &3 W

L3718 AlA)sledt}. (Table 10) 71 A3} pH 4.0-4.20] Edsh= 2Ax]28] F&7]= 7)
EA M A HIsEst €48 dR3TEc} FUske A¥olden 3<%

i
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EQ7IZRE JIEAL A} 2ol uiste] Ha 2dofM Ho 6Y ol A=Y
th 3 didste "el J1EAl g2lawe ZXY H%r) =g x| dA]7)x]
X3RS 2T e} fASHA §4 ABE HojFo] JEA e age Ao L5}
=l A7 etz BzhE ot

¥, AAof vzl B HEE £US4E U o] thzHT} BA
He 3%e 2den 71802 Qg X 7134 Asls 28y o J)EA] A
7} BEE 0.5% 0|3t £&0] HYY Ao zithxr}.

pH W F5B7HE B3 FS7I7AY A4 PRAAE Ueld 7188 Arlses
EdE 7B 5x2 HE 0.25-0.75% YR o] Zxjo] AR ¥ 10To] =
BstAA H&7)-F57)o] AA pH, FFax, A4, VUL FFsT B}
E Al §437E B 4 ot pH 4.0 AFo) Tddsh= 72 uj2s] 29
ET2 34 Al W] 0.25% 7| EAF A2 58, 0.5% 7] EA A2 6dolgl
3L 0.75% F|EAME 7TUE UelYTh (Fig. 15) B JFATNE Ha| el 7|EA
57t 2&TE xR} B A¥L BYA(Fig. 16, Table 11) A& 8ARS 7]
TLE AMNFTE SFFHUE o ch2FY B9 78x10°Ad] wb3) 0.25% F|EALe] A
¢ 42x10°, 0.5% F|EANY] ALol  12x10'%0)glom 0.75% I EANY] ALo:
L1x10°2% 7Bt Al Er} £S48 FAAFe Ao J4HI e ¢ 4
olglct. (Table 11)
53 BAYPLE AA7|e] 8UrIQ JEA M2 ES hRZI wlzsty BEAA
A2 vH(Table 12) 0.5% 71 EAY He|F7t 22 7to] 43513 Alnte] Hol AxA
71ZEFM 43 Zog HriEgct
olde] A= HH FAlRlo] 16,0008 FEALE ZA o] 0.5%EH =S Hrlshd JE
A 572 ARG ATl FAlol ZAE 10T MY F2 454 AAY &

8 B2 AS5E HAT 3Y o] JAY £ 9L Zog nkt AL

i

e

Lh AlRZiR]of tiyt | EArY S8

AR 20N B7H =AY ZAAHE2AL AU FY Hgs}7] 93

o]
(=3
A 2 87 AAARAL] YZE wol WA B 2H Axellolq MzAe] 7
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AAzgYel whet 712 ZAAE AE A2 FY 50kg TR ARSI A L2AH}A
< AW F IIEY E 53 500g THE Lol A 5 ARE Hx]FA o)
AR5 dF= viSA A wtet tleldE AX 2aFY incubator(10T)o] UA
712 AstaA WA pH E AE HEE SAslglc)

Table 130 UERd uio} Zo] 7| BAMS /IR ZAX)] pH W A1 o272} vz
sto] AZ712 Ul Aol E Rolx lth. &, A 497 pH 4.980]d oz A3
50del pH 3.780]% oLt A 4U7 pH 4.680]W F|EAL AT A 5020] pH
3945 tf2FHT} 52 £E& RS olgh A2 AL HAZPARY AHLdw
FABIE o 10ColA 7R A A=E 0.8%2 & wj(JAlY 7|&) 2YAIS
Bkl o2 A% Yol YR vk JEA A AR 14U =)
of F|EATS] HILZ AIRAX Y HAEL 10T HA 6 o]y MEAY 4 AL A
o2 HriE gk

WH, E Molle A 8UA| FIEAL X9} 2 Fo] tiRt BB ANE Vehd
Rox JF|BA A& JIEAS 2R A48 F¢ EAANHE o3, ojn] 5& Ue}
WA ok cizFol wis) alste] Watm o, gt 227 W ANFQA JTxolA
E A3 es $4% Ao vehua ot FeslelA JEA A7t 2R
o} F3A Uehd A2 7130 8¢l A& Y wf J|EA st 2T
H3) &/do] A A" oY) wiEel Heg yzHr)

o3l ZAAE FTUY o HYMAA BrE JIEAN] HFRALS AuUR
shelf-life Aol $-& 7Hs® ZOT AAHD Utk & AHAT AL AP =
oA B2 Aol vj3l ANHOZ pHrl 31 At WA Uehths Z3o] glo] 7
212} §4AEE AriHos FIY S+ ot =3 Aot 7AA]9 reciper} Th
27) 2ol JI=At LA chsl] asjordt We st gt

8. & 71BN FH2I& AR

2o FHI Ho T Vel FEANS BE7t 20-40cps( X1 16, 000-32, 000)

glol3l  EoMMRBE 92% o]l A& B OE = EAR o] it WL AE
stazt stglch F1EANE FAZE AT 3 HClo| 23t &3], NaOHo) 2J3F ®ighwy
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3 R4, NaOHoll 23t Holdedste] 23& Axle whiol osiy AzY 4 o}
GEY T, 2= W Aol 2AMAY Fo AT A ort. YubHQ JEAN
o AzFF2 del deiA o 5 ExjAv)e golMusiEe s EALS A
317] $13lAM= HEE HezAE dFsio} g}

= dFoAE FUeM 2 Aaga e JR/IEA H2UEA TAPA 7
& e JIdE 243tk AN svide] are oF 25% f£FoF
Z|&o] B8 FAZF A g3t FastA Uebyich

ol g8 FAZ BAEL o]&3tq MM EAZRY FLol ths) 8% HC1E 208) 7}
SHaL 5A 2 Bt A% Y F E2 SabE £ASY BALR] EAjshs dede
A AstTt. Aadol AAY Helo] FAZol thsl tix 20uj3ke] 8% NaOHE 7}5haL
ZEE 80CE RA|31EA 5417 Bt 2utsta BER $HEo2A FA 2 &3}
= DEAE AASl o]& ARAA L gon olE JEA 2L PR
o]-&3trt.

FIEALS] AM2E SI3A 50% NaOHE o]-&sto] IubstHA 70-120C Hsloly ukg
AA AZEE Az J|EAtY] Axo) dolYstEE AESICL (Table 15). 2 2
3} 7181g 90ColStoll A HhgAl Y H-Sol 100cps o]4te] AEE Uthlo] X0 3
& 7 JIEAE ARSI ojiglon WERES} 100ToI AU ZA-$ 100-10cps
Helol o2& thdt £219] JBAMS 4& 4 ogdrh EF olMusle o=
HET} 42cps o3} FIBARE BT 92%0l4te] £2& Uehiglt) uleld 2 gz
oA 8L 20-40cpsE¢loll YE = F|EARS 100TCo|A] 4-84]2F, 105ColA] 3-54]
Zh 120Tol A= 2412 mjgk whgAlE A 48 5 UL Ao Ml w
AzAAN BEME 7B AEE AAFoE gLer} 245 Wotn EY
7t LEFDAAL] Ao wtE FEAFEEE 100T Rris 105C oA w2 A
e o8& o 4 ot JIEAlY] Axu) HolMusiss FA 9 AM=zH 789
el 23] FE WS 4 AT ol R0 o 2 gy we £

& Zojth. 23 EE oo EMANE AWE o Zxlo HLY 4= o= FEALY
AzE whgAZ o] AE HslG eI} W 100To A 5-84 7 WgAl71= Zo] QA

Wl Zew mghHch

Table 160= HEH o2 YAY J)1EAF Az B cjsl Yehldz 28 170]
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© 1B AzFH BAZE Uehiddcoh J1EARS dEcy] 16%2 $8&F doix
3 oled FAZR e FIRIAo] 25l E HREI s BE 1Y ZA$ Ixol 3
o)

BE= lossolth. adlelM o 4 glRo] dEolA A W dzte] SMzFolA FH4EH

g Mg + de Yol 8FFHI gl

71"l Az Alo] MAEE losst it el2pgold UAE Aoz YLt F,
AT 71dE2 datel 3 A AU @ UPeg A 2xAtst oo uwlE
ARES R sty FIRIA S dFIt RAH Jhsde] gl webd ol WAE ¢
e die BEE U5 228 7123 WA SAY "t Ak #I2eE oY
BAE #I81A Hoist& o] &3 Wio] o] &= gl it olgjyt whygE uhgA|zt
ol 43 =7} ¥ A= gt o] o disidE: Brl MY AES Wey A

ojt}.

A4d. A8

A2 AE Aol 7Hsd JIEAY] 5A4E ©Asaal 739 J1EANE AYHA
Heog zAste] A& AEsIHrt. 2 Az HolMYIlE 92%0lo]l HE 20-40cps
(A} 16,000-32,000 H9])ell FEE F|EA Me|ZS pH 4.1 L AT 0.5%2 3
7)o} o] ulz2Z3 da] pH 4.9 © AtE 0.35%2 UEIdD ZRIAZRNME Q4519
= 3

T JIBAHEAY 32,000)2 ol2HE QAR J|EA AL AX] FIAAMF
of tisle] £ FFES vehlden ciREe Adol iyt MicE J|EAL
0.01-0.05%, 7|EAt 2|19 0.05-0.2%2 UElYT o5 =F ZAx{ &
microflorad] Tisfd = 43 sFS Uehjolon B3] A<7]¢] microfloras] tj
3 A% ¥LYE UehlEs 54& Ry

3, E coli O157:H7, S. aureuso] i3] Ex}ek 10,000Q] F|EAto] C. albicans
of taliMe 63AY FIEA Eejado]l AR FFBYE vehfdch nBE AEZE
FE fege ol qAEY, 7Y P2 JEA A2 143 ojule] A e}
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stom S aureus FF2] o 10%7} MEuto] EAH Zog Ueh s EAtY] $FEAY
2 n S MEz AEate] Ayt Hgste 71AE A= Ao FAFHACH
AAAZA FE FIBANE HTMA] pH 4.0-4.26] Eest= 7129 A47] =wr|te
71EA Hobsxol wel F718tda A5r] E9|zto] & 280 Ho) 6d o]i
A d=gct W, JIBA el A AFAHE Holx] ¢glr)

Aol H71E 7184 HEZAGIEA 0.5%)& FEAWAX(JAN ] L3t
Th 10TolA 77X A A= 0.82 ¥ w(JALY 7|&) SYA7|E u|zsha
t2Z A% 8dFol =Eg W JBA HelFe A 4GP0 £l J| 2l
o HIIE AR AGYL 10T H4 6 ol ALY 4 glg e Hy}
E olct.

A AE2HE J91AS ARSI o] 20-40 cps AEH 9} wolMEEE 92«
ol H4& e AAHE JNEA M2 PHo ol &stdrt vl FAZE o)
31 8% HC1(H2)/ 8% NaOH(80TC)& 713l Zt2} 5217 aukstn B2 443t 18% 5
& 8& T ey olof st 50% NaOHE 7}3to 100Tol A 5-84]2F, 105ToA
€ 3-5A2 Ao A MG Ade] RAEYL JEAS €& 4 ddrh
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Table 1. Specifications of chitosan used in this study.

Kinds Name M. W. D.A. (%) colour solubility(%)
C-1 chitosan 3,000 99 brown 50.0
C-2 chitosan 280,000 92 white brown 3.0
C-3 chitosan 280, 000 85 white brown 1.0
Cc-4 chitosan 280, 000 70 whi t;e brown 0.5
C-5 chi tosan 16, 000 99 beige 6.0
C-6 chitosan 32,000 92 yellow 6.0
c-7 chitosan 280, 000 98 white brown 6.0

Table 2. Sensory score of kimchi fermented by the addition of varoius
chitosans,

Type Taste Texture Overall quality
3 days 7 days 3 days 7 days 3 days 7 days
Control .21 375 411 3.59 3.98 3.64
c-1 4.20  3.64 418  3.56 418  3.60
C-2 2.94 3.26 4.15 3.57 3.16 3.34
Cc-3 3.02 3.16 4.15 3.49 3.19 3.37
C-4 3.15 3.42 4.19 3.68 3.42 3.41
C-5 4.19 3.76 4.12 4,01 4.16 3.8
C-6 4,22 3.68 4.10 4,13 4.15 3.92
c-7 3.10 3.36 4,13 3. 62 3.67 3.46

5 : most acceptable 1 : least acceptable
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Table 3. Antimicrobial activity of various chitosans.

Time E. coli B.subtilis L. brevis L.plantarum A B

70-DAC + + + + + +
1 + + + + + ++
5 . + + + +
15 + + +
20 + +
25 + +

85-DAC + + + + +
1 + + + + + ++
5 + + +
15 + + +
20 + + +
25 + +

99-DAC + ++ + + + ++
1 + ++ + + + ++4+
5 + ++ + ++ +
15 ++ +
20 ++ +
25 ++ +

+ ! weak ++ I strong +++ : most strong
A : Total lactic acid bacteria in optimum ripening point{pH:4.3, TA:0.45%)
B : Total lactic acid bacteria in over ripening point(pH:3.8, TA:1.12%)
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Table 4. Changes in the distribution of chitosan oligosaccharides produced by

enzymatic hydrolysis at the optimum condition,

Chitosan oligosaccharides (%)

Unit
10hr 15hr 20hr 25hr 30hr 35hr
2 3.59 5.36 5.81 7.25 6.51 6.36
3 7.31 13.23 14.55 16.77 13.59 15.97
4 1139 18.45 20.07 22.15 18.30 20,77
5  16.79 23,50 25.38 26. 40 22.69 24.67
6  14.86 16.33 17.31 16. 47 15.61  15.57
7 10.36 7.43 7.51 6.23 6.53 5.75
8 7.82 3.88 3.86 2.77 2.91 -
9 5.95 - - - - -
10 4.40 - - - -
11 3.0 - - - - -
Total 85,48 88.18 94. 49 98. 04 86.14 89.09
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Table 5. Growth inhibition of microorganism demonstrated by chitosan and
chitosan oligosaccharides,

clear zone on plate (mm)

Microorganisn chitosan chitosan oligosaccharides
(3.0%) (5.0%)
Pseudomonas aureus 18 10
Escherichia coli 20 9
Bacillus subtilis 18 11
Bacillus cereus 13 8
Leuconostoc mesenteroides 16 11
Lactobacillus brevis 16 24
Lactobacillus plantarum 9 21
Enterococcus faecalis 20 16
Kimchi- 1 14 11
Kimchi-II 23 18
Kimchi-III 15 12

Kimchi I: early stage, Kimchi II: ripening stage, Kimchi III: over ripening
stage
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Table 6. Antimicrobial effect of chitosan on the bacteria related to kimchi.

Chitosan(%) MIC
Microorganisms (%)
0 0.01 0.03 0.05 0.07 0.10

Pseudomonas aureus e+ - - - - 0.03
Escherichia coli e - - - - - 0.01
Bacillus subtilis e 44 + - - - 0.05
Bacillus cereus o+ - - - - 0.03
Leuconostoc mesenteroides +++  + - - - - 0.03
Lactobacillus brevis SR 2 + - - - 0.05
Lactobacillus plantarum e 44 + - - - 0.05
Enterococcus faecalis +He 4 - - - - 0.03

+ means degree of growth in 72hrs,
- means growth inhibition.

Table 7. Antimicrobial effect of chitosan oligosaccharide on the bacteria
related to kimchi. -

Chitosan oligosaccharides (%) MIC
Microorganisms (%)

0 0.05 0.10 0.20 0.30 0.40
Pseudomonas aureus +++ + - - - - 0.10
Escherichia coli +H4 - - - - - 0.05
Bacillus subtilis 4 44 + - - - 0.20
Bacillus cereus 44 + - - - - 0.10
Leuconostoc mesenteroides +++ + - - - - 0.10
Lactobacillus brevis 4+ ++ + - - - 0.20
Lactobacillus plantarum S L + - - - 0.20
Enterococcus faecalis +4+ + - - - - 0.10

+ means degree of growth in 72hrs.

- means growth inhibition,
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Table 8. Characterization of chitosans and chitosan oligosaccharides.

Samples Molecular weight'’ DA

Chitosan oligosaccharide 1,000 dalton 100
Low molecular weight Chitosan 10,000 dalton 99
High molecular weight Chitosan 100, 000 dalton 99

YMeasured by Gel Permeation Chromatography

2)Degree of deacetylation(%)

Table 9. Velocity of viable cell count reduction by chitosan(M.W. 10,000, E
coli 0157:H7 and S. aureus) and chitosan oligosaccharide(M.W. 1,000, C.

albicans)

M/0 E. coli O157:H7 S. aureus C. albicans
Sample 0~60  60~150  0~60  60~150  0~60  60~150
Control -0.05"  -0.033  -0.045  -0.039 -0.03 -0.04

0.01 mg/ml.  -0.745  -0.176  -0.445  -0.164 0.002 -0.71
0.1 mg/nl  -1.50  -0.34  -0.835  -0.213  -0.077  -1.125
1 mg/al -0.41 -0.278  -0.325  -0.220  -0.254 -1.61

Y 4(log CFU/mL)/ Atime
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Table 10. Effect of chitosan/oligosaccharide on the kimchi.

Optimum-Ripening Delayed time

Treatment = {(day) s Remark (10, day)
Control 34 2-3 - -
0.1% chitosan 3-4 2-3 - -
0.25% chitosan 5-6 3-4 Good texture 2
0.5% chitosan 6-7 3-4 Good texture 31
0.75% chitosan 7-8 - off-flavor 41
1.0% chitosan 10-11 6-7 of f-flavor 6 1
0.1% oligo- 3-4 2-3 - -
0.25% oligo- 3-4 2-3 - -

0.25% chitosan

+0, 25% oligo- 3-4 2-3 ) )

Table 11. Effect of chitosan on the pH, Titratable acidity, lactic acid bacteria
and reducing sugars of Kimchi at 10C during storage time.

Chitosan(%)
Control
0.25 0.5 0.75
Days
5 8 12 5 8 12 5 8 12 5 8 12
3.7
oH 4,02 376 373 404 379 5 4.15 3.8 3.8 425 4.00 3.91
Titratable 1.0
.99 1.04 1.06 0.99 1.03 0.98 1.01 1.03 0.96 0.99 1.0l
acidity(%) 4
Lactic acid
bacteria  72x10* 78x10" - 63x10°42x10"° - 17x10® 12Xx10° - 12x10®1.1x10"
(cell/ml)

Reducing sugar
(%) 4.8 3.5 2.6 3.4 3.1 2.4 4.4 3.5 3.2 3.4 2.9 2.6

- 136 -



Table 12. Sensory score of kimchi made by the addition of chitosan and stored
for 8 days at 10T,

Treatments Taste  Sour taste(-) Texture Overall quality
Control 3.0 3.3 3.2 3.3
0.25% chitosan 3.3 2.8 3.4 3.6
0.50% chitosan 3.4 3.5 4.5 3.5
0.75% chitosan 3.1 4.2 4.2 3.3

5 ! most acceptable, 1 : least acceptable

Table 13. Changes of pH and titratable acidity of kimchi fermented at 10T,

Storage time(days)

Treatment
0 4 6 8 10 12 14 30 50
pH 6.65 4.98 4.50 4.26 4.20 4.22 4.20 3.88 3.78
Control

0.5% chitosan 4.42 4.68 4.67 4.68 4.63 4.53 4.34 4.11 3.94

Titratable acidity

0.25 0.46 0.67 0.83 0.84 0.84 0.84 1.07 -
Control :

0.5% chitosan 0.27 0.43 0.45 0.48 0.55 0.62 0.79 0.91 -
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Table 14.

Sensory score of kimchi stored for 8 days at 10TC.

Sour Overall
Treatment Appearance Taste Texture .
taste(-) quality
Control 3.5 3.0 3.2 3.6 3.5
0.5% chitosan 4.0 3.3 3.7 4.3 4.1

5 ! most acceptable 1 :

Table 15. Viscosity change of chitosan in the process of deacetylation

least acceptable

unit : cps
Time(hr) Temperature( C)

70 80 100 105 120
2 _ - 100 65 15
3 1500 - 93 2 ”
4 - 150 62 33 _
> _ - 41 21 _
6 800 - 30 - -
7 500 - 24 10 -
8 - 70-80( max) 20 _

# Analysis condition of chitosan viscosity : 0.5% acetic acid/0.5% chitosan

Brookfield viscometer
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Table 16. Chitosan specification,

Item Chitosan Methods
" Appearance whi te/powder Organoleptic
Viscosity 20-40cps 0.5% acetic acid
Deacetylation 95% PVSK
Moisture 6. 5% 105TC
Ash 0.48% 600C
As - ICP
Pb - 1CP
Total glucosamine 92.1% Elson-Morgan method

- 139 -



3 1 1 ! .
0 2 4 6 8 10

Fermentation time(day)

Fig. 1. Changes in pH of kimchi samples during fermentation
at 10 CT. @-@;control, A-A : C-4, l-B: C-5
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Fig. 2. Changes in titatable acidity of kimchi samples during
fermentation at 10 T. @-@:; control, A-A: C-4,

B-B: C-5
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Fig. 5. Antimicrobial effect of chitosan and chitosan oligosaccharide
solution on the bacteria.

A: control, B: 3.0% chitosan, C: 0.1% chitosan oligosaccharide, D: 1.0% chitosan

oligosaccharide, E: 3.0% chitosan oligosaccharide, F: 5.0% chitosan oligosaccharide
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Leuconostoc mesenteroides

Lactobacillus brevis

Lactobacillus plantarum

Enterococcus faecalis

Fig. 6. Antimicrobial effect of chitosan and chitosan oligosaccharide
solution on the lactic acid bacteria related to Kimchi.
A: control, B: 3.0% chitosan, C: 0.1% chitosan oligosaccharide, D: 1.0% chitosan
oligosaccharide, E: 3.0% chitosan oligosaccharide, F: 5.0% chitosan oligosaccharide
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Fig. 7. Antimicrobial effect of chitosan and chitosan oligosaccharide on the bacteria from kimchi
at the various fermentation stage.
A: control, B: 3.0% chitosan, C: 0.1% chitosan oligosaccharide, D: 1.0% chitosan oligosaccharide,
E: 3.0% chitosan oligosaccharide, F:5.0% chitosan oligosaccharide, Kimchi I: early stage, Kimchi II:
ripening stage, Kimchi III: post ripening stage
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Fig. 8. Antimicrobial activities of chitosans(0.]1 mg/ml) and chitosan
oligosaccharide(0.1 mg/mL) on E. coli O157:H7, S. aureus and C. albicans
according to Mqlecular weight.
(A) E. coli O157:H7, (B) S. aureus, (C) C albicans. @-@: Control, O-O:
chitosan oligosacharide(6 mer), ¥-¥: M.W. 10,000 chitosan, V-V: M.W. 100,000
chitosan |
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Fig. 9. Antimicrobial activities of chitosan and chitosan oligosaccharide on
E. coli O157'H7, S. aureus and C, albicans according to adding
concentration. (A) E. coli OI57H7 with M.W. 10,000 chitosan, (B) S. aureus
with M.W. 10,000 chitosan (C) C. albicans with chitosan oligosaccharide. @-@:
Control, O-O: 0.01 rng/mL, v-¥: 0.1 mg/mL, V-¥: 1 mg/mL

- 151 -



8
Protein( pg'mt)
I

2 2
°0 0 [ o] -] 122 150 oo 0 0 20 12 10 ° » © © [ w0
Treatment time(min) Treatmert tirme(min) Treatment time{mi
(A) (B) ©

Fig. 10. Concentration of chitosan-induced proteins in supernatant from
E. coli O157°H7, S. aureus and C. albicans.

(A) E coli O157:H7, (B) S. aureus, (C) C albicans. @-@: chitosan
oligosaccahride, O-O: M.W. 10,000 chitosan, ¥-V¥: M.W. 100,000 chitosan
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Fig. 11. Concentration of chitosan-induced UV adsorbing materials at 260
nm in supernatant from E. coli O157:H7, S. aureus and C. albicans. (A)
E. coli O157H7, (B) S. dureus, (C) C albicans. @-@: chitosan oligosaccahride,
O-O: M.W. 10,000 chitosan, ¥-¥: M.W. 100,000 chitosan
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Fig. 12. B -galactosidase activities from supertanant of lactose-induced
Escherichia coli O0157:H7 cell suspensions treated with chitosan
oligosaccharide and chitosans. @-@: chitosan oligosaccharide, O-O: M.W.
10,000 chitosan, ¥-W¥: M.W. 100,000 chitosan
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Fig. 13. Assessment of injury to Staphylococcus aureus treated with
chitosan(M.W. 10,000) by plate counting on Tryptic soy agar(TSA) and
Tryptic soy agar with 7.0% sodium chloride(TSAS). @-@: plate count on

Tryptic soy agar(chitosan treated), O-(: plate count on Tryptic soy agar with
7.0% sodium chloride(chitosan treated), ¥-V¥: control on Tryptic soy agar, V-

V! control on Tryptic soy agar with 7.096 sodium chloride.
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Fig. 14. Concentration of Ca® jons from the supernatant of chitosan
treated S. aureus cell suspensions for 30 and 60 min. @-@: chitosan
oligosaccharide O-O: M.W. 10,000 chitosan, ¥-¥: M.W. 100,000 chitosan

4.4

41

—e—Control

—e—0.26% chitosan

—&—0.5% chitosan
- ~#—0.75% chitosan

38

3.5

pH

13
days

Fig. 15. pH changes of Kimchi by chitosans

_154_



11

¥
£1.05
©
2 '
©
® r / —e—control
el —e—0.25% chitosan
g 095 | —A—0.5% chitolsan
= —8—0.75% chitosan
=
0'9 1 1 )
3 5 7 9 1 13

Fig. 16. Changes of titratable acidity of Kimchi by chitosans
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Fig 17. . Flow sheet of chitosan production
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N 4 &, Fumaric acidE 0|28t ZR|ESAHAXN (L EH

A, M-

Fumaric acidi= TCA cycled] §3 tjAMEE FAEY Xo 5 EXHo gx
o3 71x] &E\} baking powdero]l Atm|gu} AR ALEEM iz} AEHL
=3 HolE Algo] BAIF QL) Fumaric acidE ZX|&] H&wx|o] AMgsjR 2} 3}
L AL X Fo|A malo-lactichFE 3h= AANFL F}Foe 2Asl= y
BE37F grie @FRI0] 7]2¥ Rojth. Fumaric acidZl x| FpA7|tA R &
#7t dle=xigt olE WeE dutE IS o P EAHARE A7) $ist
of A A HIIIE ¢7] 3] FFAET 0.5-0.6%Q wlE& Meisieict o|R
T 47 HIbshE diEol wE Fuldite] £&F3to] glo] XEZY Jlojn] YR LA A
7tstd At=rt REsiAl ol §-2Hgo] oAtEs] wiRolth U AtEs} ua
pH7} W& w Fumaric acid?] ¥ ojPEX}7} & AL A2 3l HFAET}
0.6 w Aslshe o] wigtyshy UEY winjct AEZIHEETL THE o] & wEoj
BHRY A S A7 ol A=HAE AsiA stk 2213 ogA Mz
Zx]of| Fumaric acidE #7}314& wl Fumaric acid®] A 71& 37} 713 £EX & a3
st uhsd Aol A7IstA] ¢ WHEQITH} Fumaric acid H7iAlo o] A 7ts}

£ 2ol Z3}Holrt

AH2d., 23 d 2%

1. Fumaric acidel] &J3t n]¥E AB-L-=] )2}

AxY ASYAE AT AFE +Ush] Aol o] BHog A gstuxt s EF
of s Ex Yas} FJHE= FNE B PR EAY £ e TS njg B o)
TGS AFY WU} Q0 EE olF WA £ystArt HAY ujPEuPE JA



2ol o2 7Ex] /I14dE BBt AlQuIEEESY fU)4te] oig e |3t
o & A fumaric acidZ7} ThE diEA AF /7140 FHAte|L AlZxAte] u]3)
i) Bakdol tiyt BEAFREo] 2 LR LBty 1 Ao
= ¢ttt} Fumaric acid®} 3ol |HA o] Q& maleic acide fumaric acidel H]

3 s zpgo] o7t Lt R o7 velylTt (Table 1).

ﬁ‘:
2
o
u
N

2. ZAAo] Atz 3o th3t fumaric acid ¢} whze] %

SHE thed 3 A4 es A=Y A fumaric acidE H7}3E ¥ 20°Co]
N gEstel # A3} fumaric acid (0.1%)8 A7 AU iz Aol7h gaict
(Fig. 1).ulebd EEF9 AArFe] malo-lactic WEE AHNFSE AHY 5+ &
fumaric acid7} A7 ge] T3t G AOS Ueht 919 ol Az 1A
A2 71 0.5-0.6% Helo] £E39-S o) fumaric acidE HJ7}33 20°ColA] URE A
SAIZE o e AEFIAARIT BAEJ Y HFAET} 0.8%HL} £ +F
ololA wigtdslal efele} (Fig. 2).
ohgo] AX|UR| FIA7} ks Birt gl7] wfEed e ASFE Mg
Z X8} fuparic acid F7ixo] MRt X9 A=F 7843} pH HEE v]la3l7] ¢
sleo] Zx}F 15°Col A ‘Q’.’EA]?]:L HAAATI} 0.5-0.6%8 %o =L32E w] fumaric
acid& F7t ¥ F (Ao nhsd HE7IAl 4L A8+ fumaric acid H7RAlA] 4
Z)olls 20°Col A AAstEA FHPAx 9 pHe] WHE JFA3tAct (Fig. 3). 2 Az
nhsS AS5E AHISA e X 0.6-0.8%2] At Hglo] njRE2L J)7te] 1Y
ojUjdd Hof ¥]3} uhsS& fumaric acid 7o) Y2 8y fumaric acide 7}
31X Q1S URELL ¢ 1.59Y g3 fumaric acidE HI7IZF ABL 7.5¢ AEAA
nHeg Mgl ¥x 43 URE AJtht Azt dFE Y =SS uf fumaric
acide} mhe& Zo| H7Iste] 20°ColM ARSI AA7IZHE ujg ZA AF3Y £ Al
the @ztolgict.
ohsd B7BEA 42 ZAXE 15°Collq HEAFITIZE ALET} 0.5-0.6%0] =3t
& ] fumaric acid 0.05, 0.075, 0.10%S A 7}5}3 20°CollA A ASPAA pH & At%
H3E FA3AS o, 0.075%L 0.1%& F7I5IEE wie A=EF/A AR5} vf$ 5
5A] A= At (Fig. 4). Fumaric acidE 0.15%0|4 AJISIA =& Aoz WP
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BElA A Berde]l ZATL AdE ] wfEol 0109710t Hrlsts Aol FHyysiche ut
cho]l ugith ZAzbe etz Qgtort 25°Co M 0.75% ErtARCH 0.1% AR 1
d¥= o AAEHAY] o] fumaric acide 0.1%S H7pste Zo] Ayslgdch, o}
A ol & A} gstel nhizo] HrlEA %S LAE A2 15CHA UEY
¥ AR zol =EstAd S of 0.1% fumaric acidE H7}stz 20, 25 Q 30°ColA 8] =
A =S AdAEE stdrh 20°Co] A ASIH S wie FFAmEelQl 0.6-0. 8%
of 12 ¢ MEFL (Fig. 5), 25%Co) A1 S w: 49 (Fig. 6), a3 30%C
of AZ3}AE wle 292 (Fig. 7) AFA=H o fEc} 2 AU B3
313 0.1% fumaric acid& F7IStL APl E 20°Co] A3t e we] A=EZT} %
AR} AEY dojet 42 ch2A Ueldsd o)l ALY FAEEQU wjF, 1},
3%, ke Fol A8 wiuich delx|7] @l e sigidc)

15Coll A WRAA e APAzo| £es19E ul fumaric acidy e & st o)
Aol 20°Coll A HERE 7ol fumaric acide} nls& H7bsta 20°Ce} 25°CoA] A Abs}
A of pH W 4tze] HEAAL ATt 20°ColNE fumaric acid® H7}s}R)
U tRFEL 2.5¢ 123 fumaric acidE H7I3 A8 5¢ et 0.6-0.8%2] A
A= Helol HERTE (Fig 8). uHeg ASHE HF7sia 2HE 229 ¢ 19 o
Wald 2 vlastd AsFsixdiar Faistont. & 3 A28 25%Ce A#s}
P o f2ZL2 1.59 223 fumaric acid V7L 34AEZ ey} (Fig. 6).
olgt L2 ASFIIAAEITL viF AR 0] ABAIMNE AYUEER] JEE Y3}
71 8131 R01ZAFIE wES AUsE A} w3 HL} vsY ARZEIR|

A& 271 LIepytt} (data not shown).
3. Fumaric acidg& #7713 Zx]e] #HEH I}

Fumaric acid®} uHs& 34zl & AbxJ} 0.5-0.6%xlo]of] 91-& o] Hr13l9 S
Eul AR7F 9A Jetydtt (Table 2). o] pHel At AlPold AFH vz
&g ©F o ASHH fumaric acidg H7lsld 27 g o] BEAAAE
A= gl 223 482 2ol MIgE Al2e] ol gho] kris BEAUIIE Uy

UEE A sk 2oz Uetych
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4. Fumaric acid ¥7}2} 24¢) W8}, UPRANZY £e) U o) o 8T AAUE

7}. ZA]of Fumaric acidE 713 wf njBE $2] MWy

Fumaric acid 0.1%& E7I5l4& uwf a4 L FAibd71 1008 o]} ZAsig e
vouEgh ZFstel uwel thA]l FUisle iz Zolxled  (Fig. 9,10)
Leuconostoc®] 4~7} Fumaric acidE A 7}51A] & tf=Io|r} 0.05%0]31E AH78s
wjoll 100 ¥f o4 FHA ettt (Fig. 11). Fumaric acidE B/ o) 3471 2
A3t A2 Fumaric acidol] v4do] W& Leuconostoc?] 47} Zt4A37] dEo g 3o

t}.

L}, Fumaric acido]] Uj4do] 8l Leuconostoc mesenteroides?] -2

A28 fumaric acide] vjAdo] Q= L. mesenteroidesE A1U3}7] €3 0.2

®

fumaric acid®} sucroseZ} H71H T AujR|of| streak platingdtg ot WARFFE
213} X3 0.1%7 H7Fd wiA|of streak plating3la] 47FF £e|3llt) o]&2
RE L. mesenteroides® FSRE|Q L. mesenteroides KI 3, 4, 5, 623 wWuxE|ql

A

rl

1=

t}. Fumaric acidel] W4do] Q= Leuconostocd-2] AANFL] F-&-

v 2] & o Fumaric acidE 0.1, 0.15, 0.2% F7}5}3. Leuconostocd?] it
(AAZ2FF)E JAG st 2 A3} T8 Leuconostoc o] A @o| HIIHA] o2
el ulmd @ HAsdel 3.0¢ Adol Mg we el ulerstert
(Table 3). o]|& 2ojA Leu. mesenteroides subsp. dextranicum 3 T37} FA 0.2%2}
3.062] Ago] gl wiFFolA & AR o]E3t AXojA Ee3t AAE 2]

718t8] Leuconostocg FAALE iwxe FAdl AFE A=t ot B 3

7ol E3ta wiido]l S8Rl Aottt Leuconostoc: Arzell vi/gdo] dutye
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E W7 mjEofl o] Helo] At olx] Relgld Ao A=W,

e, FAol wi4do] Al Leuconostocd o] &3t 71xe] A=

FAol uldo] ol Leu wmesenteroides subsp. dextranicum 2@Z(KFRI 008203}
00821), 2] vhdo]l gl o8 Uehd Leu. pseudomesenteroidesE HZs}o] 7)
AE UE AZS o ZAY HEZ7 EHVLS UehhA] got £ 7= 4230
2| dsith (Fig. 4). ol¢t & WAL ZAlol: Atxo] Aol We tj2 we at
50 Aoz EAstL U] WELR PN et webd E 9etaA= 2dx}
oA FEstaich
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Table 1. Z}F f7]Ato] Babdz dtAFe] HAo mjAl= &3}

organic acids ) . citric acetic maleic
fumaric acid . . ]
acid acid acid
% % % %

_ 0. 0. 0.

. . 0.1{0.2(0.5(0.1(0.2 0.1(0.2 0.10.2
test microorganism 5 5 5
Leu. mesenteroides L e R N B IR R VAR B A S
L. dextranicum R R R LA I S S
L. brevis A R YR BT TR IR R A A B S Y
L. plantarum I T R R s R A L T I T
P. pentosaceus ++ | +4 R T I I N LI AT T
Leu, mesenteroides LA10 SRR L R S S N IR LR IR S A I S
L. plantarum LA97 ++ 1 ++ - LR LR R R N A L
P. pentosaceus LA3 ++ 1 4 R T A AR R A A S (0 O S
P, pentosaceus LA76 ++ 1 ++ - L LR LN L AT A TR I I T R T
E ++ P/ -1 - ++ 0+ - | ++ - - |+ -
E. aerogenes e T R O T I IE = IS R [FIFiR, UV
E ++ - - ] ++ + - + - -+ o+ -
E. aerogenes B146 ++ i ++ B BT T S R R S R - |+ o+ i -

o0 2R+ ARE D /-0 AY R AR -0 R AR
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Table 2. Sensory evaluation of kimchi treated with 0.1%

fumaric acid

Time of fumaric
0 24 48
acid treatment(hr)
0.1% 0.1% 0.1%
item \ treatment control control control
f.a. f.a f. a.
acidic 4.88" |4.43°| 4.71® |5.43°| 3.43° [3.29°
off 2.19 2.43 2.57 2.00 2.29 1.86
odor .
raw 3.13 3.57 3.57 3.14 4.14 4,57
acetic 4,63 4.43°| 4.71™ |5.29° 2.86° |3.71™
acidic 5.38 5.14 5.14 5.00 4.29 3.7
of f 2.88° [3.00°| 4.71° |[2.86°| 4.43° |4.43°
taste
raw 4.38° 3.86" 4,57 4.14°| 5.57° |6.86°
acetic 4, 38° 4, 34° 4.14° 3.71%°|  3.14® [2.29%

¢ pean scores within row by the same letter are not significantly different at

the 5% level.
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Table 3. Growth of Leuconostoc spp. in heated Chinese cabbage juice with or

without 3% NaCl in the presence of fumaric acid.

FA (%)
0.15% 0.20% 0.21% 0.22%
0% 3% 0% 3% 0% 3% 0% 3%
NaCl | NaCl | NaCl [ NaCl | NaCl [ NaCl | NaCl | NaCl
Leu, mesenteroides subsp. _ _ _ _ _ _ _ _
dextranicum ATCC 19255
Leu. mesenteroides subsp.
+4++ ++ +++ ++ +4 + ++ -
dextranicum KFRI 00821
Leu. mesenteroides subsp. '
+++ ++ +++ ++ ++ + ++ -
- dextranicum KFRI 00820
Leu, pseudomesenteroides
++4+ - + - +/-~ - - -
ATCC 49371
Leu, mesenteroides LA10 +4+ - - - - - - -
Leu, mesenteroides LA113 ++ - ++ - - - - -
Leu, mesenteroides LA183
++ - ++ - - - - -
(nisin"=LA113M3)
Leu. mesenteroides LA189
++4+ - ++ - - - - -
( pGKIZ )
Leu. mesentercides KI 3 ++4+ - +/- - - - - -
Leu, mesenteroides KI 4 e+t ++ +4 + - - - -
Leu, mesenteroides KI 5 + - - - - - - -
Leu. mesenteroides K1 6 + - - - - - - -
Leu. mesenteroides KFRI 00465| - - - - - - - -
Leu. mesenteroides KFRI 00676| - - - - - - - -
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1.6

1.4

1.2
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—&— 0.1% FA

2 4 6 8
Time (days)

Fig. 1. Changes of pH and titratable acidity of kimchi fermented at 20°C
With or without fumaric acid added at the begining of fermentation.
Garlic was also added at the beginning of fermentation.

3.0 1 I 1
0 4 6 8 10
Time (days)
5.6

—o— control
—@— 0.1%FA

I 1 1

3.0 1

4 6 8
Time(days)

10

Titratable acidity (as lactic acid)

-
N

-
o

—6— control
—@— 0.1% FA

2 4 6 8
Time(days_)

10

Fig. 2. Changes of pH and titratable acidity of kimchi fermented at 20°C
and stored at 20°C after fumaric acid addition (arrow). Garlic was added

at the time of fumaric acid addition.
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©
= 1.
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z 1
<
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8
Jid
35 | -
®
3.0 ) i 1 00 1 | 1 1 t i
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time(days) Time(days)

Fig. 3. Changes of pH and titratable acidity of kimchi fermented at 15°C and stored
at 20°C after fumaric acid addition (arrow). G: Garlic was added at the beginning
of fermentation, NG: Garlic was added at the time of fumaric acid addition.

5.5 T 1.8
a
—6— control o 186 —©— control
5.0 |- —@— 0.05%FA ° 14 L —— O_OS%OFA
—A— 0.075%FA ol . —b— 0.0075A7FA
—a— 0.1%FA 2 L, A 0A%FA
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5 10F
©
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® 6 -
£ 4
35 | = .
.2
3.0 L L 1 1 L 1 1 0.0 L 1 i 1 [ |
0 2 4 8 B 10 12 14 0 2 4 8 8 10 12 14
Time(days) . Time(days)

Fig. 4. Changes of pH and titratable acidity of kimchi fermented at 15°C
and stored at 20°C after the addition (arrow) of different amount of
fumaric acid. Garlic was added at the time of fumaric acid addition.
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6 8 10 12 14 16 18 20
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Fig. 5. Changes of pH and titratable acidity of kimchi fermented at 15%¢C
and stored at 20°C after fumaric acid addition (arrow). Garlic was added

Titratable acidity (as lactic acid)
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—— control
—@— 0.1% FA
50 |
4.5
40 |-
3.5
’ 3.0 T T T T ¥ 1 ¥ H T
0 2 4 6 8 1012 14 16 18 20
Time(days)
at the time of fumaric acid addition.
55
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5.0 —0— 0.1%FA
45
4.0 (-
3.5+
30 H L 1 ! 1
0 2 4 6 8 10 12 14
Time(days)

1.8
1.6
14
1.2
1.0
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6 8
Time(days)

10 12 14

Fig. 6. Changes of pH and titratable acidity of kimchi fermented at 15°C

and stored at 25°C after fumaric acid addition (arrow). Garlic was added
at the time of fumaric acid addition.
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Fig. 7. Changes of pH and titratable acidity of kimchi fermented at 15°C
and stored at 30°C after fumaric acid addition (arrow). Garlic was added
at the time of fumaric acid addition.
5.5 1.8
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Fig. 8. Changes of pH and titratable acidity of kimchi fermented at 20°C
and stored at 20°C after fumaric acid addition (arrow). Garlic was added

at the time of fumaric acid add

ition.
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Fig.‘ 9. Changes of total viable cell counts in kimchi fermented at 15C and
stored at 20T after addition of fumaric acid. Garlic was added at the time of
fumaric acid addition,
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Fig. 10. Changes of total lactic acid bacteria counts in kimchi fermented at 1

5C and stored at 20T after addition of fumaric acid. Garlic was added at the
time of fumaric acid addition,
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Fig. 11. Changes of Leuconostoc sp. counts in kimchi fermented at 15C and

stored at 20C after addition of fumaric acid. Garlic was added at the time of

fumaric acid addition,
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N 5 & Bacteriocin Y 4FH#3, bacteriocin,

chitosan, fumaric acidE 0|28 UX|HS AKX
A1E, A

Bacteriocint%*, chitosan, fumaric acid $& TS0 AJ3lge of AUz
oA E3he oln AE 3o} Trkxl Al agith webd hurdle ol Eo] Yztsto]
A8 84 (hurdle) 5 HUHoz Agsiel RAAAAe] $E3tTh oln) F2
¢ criteriong A7 7H Rl VAL A 0.80) E@HE A7, HE ¥
W 4bse] 27 dxes sty

H2Ad, AUy
1. A8 1

Axe] ZxAlgo] Ee|FF (10" cfu), chitosan (0.2%), fumaric acid (0.1%)&
©E Ex 5RO AU STolA WAAIAA Alx, VLY, AN, 2749
ZAA A HEE FAstoc). oo AME (titratable acidity)d] &3S AoACHIHo S
NaOHE titrationd}e] lactic acid® Bste] ZAstEn VUL HBL DNS YL
AHgstd o FHAF 9 FF4e FAHL lactobacillus selective agar (Merk) X
PCA (Merk)E Z}Z} Apg-stodch

2. A¥ 2
BARS] ZX|YEo EelFF (10 , 2 X 10" cfu), bacteriocin (320 AU/ml),

fumaric acid (0.1%), chitosan (0.2%)& tlE T H3tog HJlsio 5CoA wa
AFIEA Arx, BdY, FHakd, 2349 ZAAHEHE ZAsldr).
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3. Mg 3

AEdolM A2 ZAA (Al wi3F AMAst €% %2 F w3 100 =}
3.1g, I3 1.8s, ok 1.5g, 487 0.4z, & 2.9g A7} o] EAFFE 107, 2 X
107, 4 X 10" cfur} §I=% AJSI fumaric acidS 0.02, 0.05, 0.1% B E=F 3}
F3o ©E T T3 AUlslo 5TolA LA IFEA AE, VLY, NG, FF
o] BAHHEE FHshAct

S

A3d. 2z d 3%

1. 49 1

287123} bacteriocin AAMFEE 107 cfu H 73 group & AL 0.80] EW3i=
| 289 AZto] BF ok 9 - 10 & ol v FF8} fumaric acid & ¥ A7t
T 215 - 164% FH/NZE vz ¢ 6 -7 d F=Y AFEHE do] 8-
B 2 713 24319 e fumaric acidE THECE I3 group® & 144 T H|Z
3 943 AAE Aol olZ 02 Fumaric acidye AAtdFFofl cth3l synergy & 2}7}
J2S & 4 9alt}. Chitosan 3} fumaric acid®] EA7} 2 ¢ 1Y 285ge
o 43 + chitosan + fumaric acid SA 7L FAIE vl 99 olgient
x7]1e A=F77F A Qgdtt (Fig 1), A8 2 A4S AZA groupd]
BAF #$F2 2R RY growpHrt HhF oz w3 (Fig 2), Fd44 (Fig. 3)
Y ’5!’:_‘%94. T (fig. 4)& AA L2 o} 919 VA& VLAt

in)

o

O

2. A¥ 2

2371 group & A= 0.80) =etsh=d o 99 409 whw FFE 22} 107 cfu
o} 2 x 10" cfu & A7} group & 15, 23UE A7} F39 47} Z71%to] utet

- 176 -



AZ7|1o] ARE G on B3| FFE FF 10' cfu BRI groupd WELIY A=
717t R oten Axs FFE 28] HIIRE groupHTh 03] <zt Wl
HEAA bacteriocing TWEOE A7t 2L 10.2¢ o]gOL} bacteriocini}
chitosang& HBHOE AHJIF F& 174, bacteriocin} FAE E3log H35la&
L= 20.59 A 925 9] chitosan®} fumaric acid’} bacteriocinol] t§3] synergy FE 37}
22 o 4 ddrt. 28y chitosan?} fumaric acide A& synergy 27} ¢
th. (Fig. 5). & A¥lA F28 A7t =&=cth. A bacteriocing] H7H3E

o] Hc} PAEFE H 713 group (in situ production)?] WEX A G}/ €53 &
Stthe AMdolTh o] WAl Fulel FAA bacteriocind] AHgo] AW WAL 2
sid o83 iMsde Aze ¥ 4 Ao VAW, BUF U 324 A 4
718] 2ARE APt Fodr} (Fig. 6 - 8).

3. ¥ 3

2 AEAME AHAE 1 - 28 AFX M AUt dE F 71AY  parameter
(bacteriocin AJ4tF-F2} fumaric acid?] H%=)& WHIHAIA AYst vz} 22 2
I4E =23t FHNEE Az 0.80] Tesh=d ¢ 6.59 483 ¥ fumaric
acid?] A7z}ako] 0.02, 0.05 0.1% & 7€ Z2 7, 12, 14942 JAE o] fumaric
acid7l WHI| AR 7loite P st} (Fig. 9). B7HFF2 471 107, 2 X
10°, 4 X 10" cfu A= HIY 22 242 7.5, 13, 12¢0] A L2%| 0] bacteriocin 4t
@52 7t F7Hdel wel Hav AEdEE ¢ 5 ATt (Fig. 10). ¥H FFE 4
X 10°cfu A1} group2 UF F71E AU Wrle] AA 1= Zi7} glden F
F 1, 22ct W)Y AxE 2358 ol A 3 wHUAS 4 + Ao} (Fie
10). 55 10" cfu & 2 X 107 cfur} H=F Br8l 7o fumaric acidE 0.05,
0.1% H =& Z¥ HJI3 groupd AtEE fumaric acid®] H7jgko] F71te] uwlel 4t
X 0.8 E%slt= A)7tol 21z} 0.5, 3.54% HAE o] fumaric acid®] synergy &
A7t A&E & 4 et (Fig. 11, 12). W FF £ 4 x 10 cfu F= FA71%
2E& FF 13} 22K} ¢ 34 BE o AFF o] bacteriocin MAHERS] 47} Z71Y
of whe} UH7t | AHE thA] IhH HAY + gt (Fig. 13). VPP, Aad 2
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T W ga] Ay 1 - 29 A} B S HoZqr} (Fig. 14 - 16).

ol AY 1 - 39 AAE FYSIH bacteriocin FAHEE W fumaric acidS
UE S Wl A AR RS 7 - 14d A= A3AD 4 dgol B
olcth.
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Fig. 1. Changes of titratable acidity (experiment 1)
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Fig. 2. Changes of reducing sugar content (experiment 1)
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Fig. 3. Changes of lactic acid bacterial count (experiment 1)
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Fig. 4. Changes of total cell count (experiment 1)
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Fig. 5. Changes of titratable acidity (experiment 2)
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Fig. 6. Changes of reducing sugar (experiment 2)
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Fig. 7. Changes of lactic acid bacterial count (experiment 2)
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Fig. 8. Changes of total cell count (experiment 2)
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Fig. 9. Changes of titratable acidity (experiment 3-1)
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Fig. 10. Changes of titratable acidity (experiment 3-2)
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Fig. 11, Changes of titratable acidity (experiment 3-3)
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Fig. 12. Changes of titratable acidity (experiment 3-4)
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Fig. 13, Changes of titratable acidity .(experiment 3-5)
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Fig. 14. Changes of reducing sugar (experiment 3-6)
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Fig. 16. Changes of total cell count (experiment 3-8)
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