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application technology of pediocin to improve
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SUMMARY

This study was aimed to develope fundamental and application technology of
pediocin, natural peptide produced by microorganism Pediococcus acidilactici M for
improvement of non-heated foods.

To develop mass production of pediocin transformations to host cell E. coli
BL21(DE3) was carried out by PCR and ligation of pGEX-4T-1 pediocin gene.
After separation of GST-fusioned pediocin by GST-bind resin, active GST cut-off
pediocin was separated.

For optimizing growth of native Pedoicoccus acidilacticc M and pediocin
production, culture conditions such as culture method including standing culture,
shaking culture and stirred cell culture, influence initial pH, nitrogen sources
including peptone, typtone, yeast extract et al, and influence of MgSO, and
MnSO; were investigated. Finally, the composition of whey based YTG
medium(2% acidified whey, 3% yeast extract, 3% tryptone and 1% glucose
medium) was determined.

Mass purification method of pediocin applicable commercial production was
established based on pH 2 extraction method after studying adsorption-desorption
method, Amerlite XAD 6 resion chromatography, and xylene extraction. Through
this pH 2 extraction method, purity of extracted pediocin was became higher to
proper level.

Optimum active pediocin concentraion and pre-treatment conditions to apply
non-heated foods was determined by investigation of enzyme treatment such as
protease, amlyase et al., heating at 30~90C and 121C, pH condition at pH 3~09.
Also bactericidal activities to deterioration microorganism such as Lactobacillus
spp., Psedomonas spp. et al., some pathogene such as Salmonella sp., E. coli.,
Listeria monocytogens was tested.

For purpose of improving the preservation of fresh-cut fruits by securing the
safety from microbial decaying, natural additive was experimented with fresh-cut

fruits in order to assess the usability and the applicability as hurdle factor in
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altering or minimizing the use of chemical compounds, and basic information
needed for developing control and combination technology of hurdle intensity was
produced.

Through preliminary experiment, pre-treatment method including hurdle and
treatment conditions for long shelf-life preservation was determined. With a
standard that hurdle effect associated with microbial inhibition 1s top firstly
considered, PLMA(polylysine 0.6% : malic acid 1.0%) dips solution for use in
immersion was selected as the primary hurdle. The secondary hurdle included mild
heating for 1 minute at 40C as part of physical treatment which was
accomplished by direct immersion in 40C dips solution as parallel treatment not
sequential one, and ascorbic acid 1.0% and the calcium chloride 0.75% aimed at
texture strengthening, in consideration of the browning of fresh-cut fruits which
is thought to be the most impacting to the seeming quality. Cold storage(47C),
which is essential for long shelf-life preservation, was also applied as a hurdle
factor, which demonstrated the possibility of long term distribution more than 15
days initially intended in the beginning of the study, and the effect of inhibiting
microbial growth and the quality degradation in the fresh-cut apples under
storage.

Experiment results showed that, in the aspect of microbial growth inhibition, all
treatments had antimicrobial activity superior to the control, especially 40C PLMA,
PLMA+AACC(ascorbic acid 1.0% + calcium chloride 0.75%) and 40C
PLMA+AACC treatments didn’t show any bacterial growth even in the 10th day
samples. Also, AACC added treatment demonstrated excellent effects in inhibiting
the browning and the softening of fruits. Acidity and vitamin C content decreased
with the storage time, while total free sugar increased first and decreased with
storage time in all treatments. In the sensory test, the treatments were accessed
similar or a little higher than the control, demonstrating that hurdle application
didn’t give negative effect in sensory aspect. Also, pediocin, nisin and hinokitiol
mixture was showed good growth inhibition of 2 log cycle, colors and organoleptic
properties during the storage.

Shuttle vector pUB9 to expression ped M gene in Leuconostoc mesenteroides
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was constructed, and expression pattern of pediocin gene in E. coli DHbia was
investigated, transformant of L. mesenteroides was confirmed by electroporation of
pUBP13 vector.

Also, treatment of hurdles for yaksik was studied, pediocin, nisin and hinokitiol
mixture was showed good growth inhibition of 2 log cycle, colors and organoleptic
properties during the storage.

To improve hygienic quality of Kimchi, 11 kinds of strain was selected from
newly isolated 3,315 LAB. Through gram staining, catalase test, mobility test, API
50 CHL test and morphology test, it was presumed that 11 strains was 1 strain of
Pediococcus sp., 6 strain of Lactococcus sp. and 4 strain of Leconostoc sp. These
strain showed high Dbactericial activity against Bacillus cereus, Klebsiella
pneumonia, E. coli, Salmonella typimurium and pathogenic Vibrio spp. Lactococcus
sp. 2774, 2775 and 2777 strains showed relative high bactericial activity against 3
strains of E. coli including E. coli KFRI 1242, 5 strains of Salmonella sp.
including Salmonella typimurium KFRI 00251. Decreasing pattern of E. coli KFRI
1242 was investigated by addition as stater in Kimchi. After 3 days of
fermentation, decrease of E. coli of Kimchi added strain 2775 as starter was
showed.

A study on antimicrobial packaging materials is actively being progressed these
days. Among the diversely antimicrobial packaging materials, its antimicrobial
effect comes to be greatly different depending on a kind of antimicrobial agents, a
method of adding the antimicrobial agent and of modeling a film, and a kind of
films. The objectives of this study, it blended the polyamide resin solution, in
which a polymer chain is swelled in case of absorbing moisture, with polylysine,
which i1s the naturally anti-biotic peptide from the origin of a microorganism,
coated it on the plastic—film layer of OPP (Oriented polypropylene), fabricated the
polylysine coating film, confirmed the migration of polylysine and it’s antimicrobial
activity from the coated film, and then evaluated the stable activity by applying it
to the packed tofu.

In terms of fabrication the polylysine coating film, it could be seen that there is

difference in each of antimicrobial activity depending on polylysine concentration,
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polyamide concentration and the thickness of a coated film. In other words, it was
shown that the anti-microbial activity 1s high in the film, which was
manufactured under the condition in which the concentration of polylysine is more
than 1.0 %, the concentration of polyamide is 40 %, and the thickness of a film is
more than 50 ym. As for the polylysine migration of the manufactured polylysine
coating film, it could confirm the migration of about 20 ppm up to for 3 days
after soaking in the distilled water, and since then, it was maintained with a
equilibrium state. As a result of trying to confirm the characteristics of migration
depending on temperature, the migration was most at 25 C, and was smoothly
attained even at the comparatively low temperature. As for the degree of
migration depending on pH, the migration was easiest at pH 7.0 and the migration
characteristics of polylysine depending on the concentration of salt failed to obtain
the significant result.

As for the antimicrobial activity of polylysine coating film, as a result of
measuring the anti-microbial activity as to some food-borne pathogens and Tofu
spoilage bacteria, it could confirm the antimicrobial activity in most of strains, and
in particular, it was shown to be highest in the inhibition effect (10>-10° CFU/mL)
of microbial counts as to Bacillus cereus. As for the antimicrobial activity in
relation to a change in temperature, pH, and the salt concentration. In case of
temperature, the antimicrobial activity was high at the comparatively low
temperature, and in case of the antimicrobial activity depending on pH, the
antimicrobial activity was shown to be highest in spite of low released quantity in
the early of pH 3.0. Also, the antimicrobial activity depending on the concentration
of salt, the antimicrobial activity was shown to be comparatively high in less than
2% of salt.

As a result of examining the stable activity of a microorganism by applying the
fabricated film to the packed 7Tofu, the PCF(polylysine coating film) packaged
sample was shown to be smaller than the control sample, after measuring the
total microbial counts and the coliform counts. In case of PCF sample, the growth
of microorganism was delayed very effectively in initial storage time, thus it was

shown that the polylysine, which was released from the film, safely has the
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antimicrobial activity against the microorganism, which exists in Tofu. In case of
color, it was shown to have no influence on the color of Tofu surface due to
polylysine, which was released from polylysine coating film. As for the sensory
properties of the packed Tofu, PCF area was shown to have received higher

values than the control area in all items on the whole.
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Table 1. An example of patent applied bacteriocins on foods.

Author US Patent Patent Title
Vandenberg et al 5,817,362 Method for inhibiting bacteria using a noval
(10.06.98) lactococcal bacteriocin
Blackburn et al 5,753,614 Nisin compositions for use as enhanced,

(05.19.98) broad range bacteriocides

Wilhoit 5,573,801 Surface treatment of foodstuffs  with
(11.12.96) antimicrobial compositions
Vedamuthu 5,445,835 Method of producing a yogurt product

(08.29.95) containing bacteriocin PA-1

Boudreaux et al 5,219,603 Composition for extending the shelf life of
(06.15.93) processed meats

Hukins et al 5,186,962 Composition and method for inhibiting
(02.16.93) pathogens and spoilage organism in foods

Collison et al 5,015,487 Use of lanthionines for control  of
(05.14.91) post-processing contaminating in processed

meat
Vandenberg et al 4,929,445 Method for inhibiting L. monocytogens using

(05.29.90) a bacteriocin

Gonzalez 4 883,673 Method for inhibiting bacterial spoliage and
(11.28.89) resulting compositions

Matrozza et al 4,790,994 Method for inhibiting psychrotrophic bacteria
(12.13.88) in cream of milk based products using
pediococcus
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Table 2. An example of applications proposed bacteriocins as food preservatives.

Bacteriocin Application Conclusion
Nisin A Incoporation of nisin into a|Addition of nisin can reduce
meat binding system undesirable bacteria in

restructured meat products

Enterocin 4

Use of an enterocin producer
Ent. faecalis INIA4 as a
starter culture for production
of Manche cheese

Use of an Ent. faecalis INIA4
starter inhibits L. monocytogenes
Ohio, but not L. monocytgenes
Scott A

Linocin M-18

Use of Bre. lines as a starter
culture for production of red
smear cheese

Causes 2 log reduction of L.
ivanovi and L. monocytogenes

Nisin A Use of nisin to control L.|Nisin effectively inhibits L.
monocytogenes in  ricotta|monocytogenes for 8 weeks
cheese

Piscicolin 126 Use of piscicolin 126 to|More effective than commercially

control L. monocytogenes in
devilled ham paste

available bacteriocins

Leucocin A

Use of a leucocine—producing
Leu. gelidum UALI187 to
control meat spoilage

Inoculation of a vacuum packed
beef with the bacteriocin—producer
delays the spoliage by Lactob.
sake for up to 8 weeks

Lactocin 705

Use of lactocin 705 to reduce
growth of L. monocytogens
in ground beef

Lactocin 705 inhibits growth of L.
monocytogenes in ground beef

Enterocin

Add enterocin to inoculated
ham, pork, chicken breast,
pate, sausage

Controlled growth of L.
monocytogenes  under  several
conditions

Pediocin AcH

Use of the pediocin producer
P. acidilactici to inhibit L.
mono— cytogenes

P. acidilactici(Ped’) starter culture
contributes to effective reduction
of L. monocytogenes  during
manu- facture of chicken summer
sausage

Pediocin

Expression of pediocin
operon in Sac. cerevisiae

Potential application in preserving
wine and baked products

Pediocin AcH

use of a pediocin AcH producer
Lactob. plantarum WHE 92 to
spray on the Munster cheese
surface at the degining of the
repening period

Spary prevents outgrowth of L.
monocytogenes and can be used
as an antilisterial tratment

Pediocin PA-1

Use of P. acidilactici(Ped")
strain as a starter culture in
sausage fermentation

Pediocin effectively contributes to
inhibition of L. monocytogenes
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A2 F2 lactic acid, chlorinated water, citric acid, calcium chloride, garlic
extract, ascorbic acid, cystein 5 s AF< FHA7FE ol hurdle technology
o] S/AT Tol &¥s Ruda o, e Agol= fresh-cut A<
Ain #Ee Ao sol dF Busa lov, AEe kA R ek wAE
g u7kd A Ee] B B FAIste B A 58 Aol vla) v v
v gk g o] th

¢

lo
c

pul

Hurdle technology(s-AF ™3 : combind methods, combined processes, combination
preservation, combination techniques)i= 7H®¥ hurdle®] o]se} F3ol]l 23] &<
A - QY- BAL - AEA B T BASH] Wil wig ZaAd Ao
= TEa Jdo] M= hurdled B3I 3o gk A2 A7) o] FolA
I glon AFEHFE o]&¥ o)A = hurdle2E: A B3, Eststd azln
n AL A FelE A o thEd 5 Uth(Table 3).

Hurdle technologyell o]&k 2472 7ha 9 Aol 4, <k HelA
Tettte ARS JHAaL A/ B 5

A FA, HIHAEC % B2 RS A o FAES i vk webA

%

Ly
oo F o TA SAel FTL FA Fn Fwrg B4 AFAol
o]
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Table 3. An examples of hurdles used to preserve foods.

Type of hurdle Examples

Physical hurdles . .
Aseptic packaging

Electromagnetic energy(microwave, radio frequency,
pulsed magnetic fields, high electric fields)

High temperatures(blanching, pasteurisation, steril-
isation, evaporation, extrusion, baking, frying)
Tonising radiation

Low temperatures(chilling, freezing)

Modified atmospheres

Packaging films(including active packaging, edible
coatings)

Photodynamic inactivation

Ultra-high pressures

Ultrasonication

Ultraviolet radiation

Physico-chemical hurdl
ysicorchiemical itrdies Carbon dioxide, Ethanol, Lactic acid

Lactoperoxidase, Low pH, Low redox potential
Low water activity, Maillard reaction products
Organic acids, Oxygen, Ozone

Phenols, Phosphates, Salt

Smoking, Sodium nitrite/nitrate

Sodium or potassium sulphite

Spices and herbs

Surface treatment agents

Microbially derived hurdles Antibiotics
Bacteriocins
Competitive flora
Protective cultures
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AlAdAIAE, AEY Ax 2 AAH
1. 4348
7h M AE AF
Ao AL83F pediocin® AWAMFFE Pediococcus acidilactici M& 3 So] &
3 52 Pedicoccus acidilactici KFRI 1682 <& w55 AF&3}th Pediocin
3

g
o] g4 =4S 93 Indicator straine Enterococcus faecalis KFRI 3542 AF£3190

RE YT 50% glycerols #7Fste] -80T oA WesHAstHA A AL
stgom Add #57E4S 98 10mLe] MRS broth(Difco lab.) ol Al 12~15A]7F il
Fets ALgeth thEo s AAE wiR oA AYS A ZTH

- Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus amylophilus,

Lactobacillus brevis, Lactobacillus bulgaricus, Lactococcus diacetylactis,
Lactobacillus confusus, Lactobacillus reuteri, Lactobacillus sake, Lactobacillus
bulgaricus, Lactobacillus casei, Lactobacillus delbrueckii, Lactobacillus
fermentum, Lactobacillus gasseri, Lactobacillus helveticus, Lactobacillus
pentosus, Pediococcus cerevisiae, Pediococcus halophillus, Leconostoc
mesenteriodes, Leconostoc paramesenteriodes, Leconostoc mesenteriodes
subsp. dextranicum, Propionibacterium freudenreichii : Lactobacillus MRS
medium

- Bacillus subtilis, Shigella flexneri, Bacillus coagulans, E. coli, S. typimurium,

Pseudomonas aeruginosa, Pseudomonas fluorescens, Staphylococcus aureus,
Aeromonas hydrophila : Nutrient medium
- Clostridium perfringens : Oxoid CM 149
- Micrococcus luteus : Enriched nutrient medium
- Enterococcus faecium : Trypticase soy medium
- Listeria monocytogens : Brain heart infusion.
SAE AATFFE S AEFATLEKERD, $5FdH 3 (KCCM) 2 gk

q
A ETTATAKCTO AN 2z Aoz % ol A A A5ujA| oA

ot 2

o3
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overnight cultured}o] activationA] 7l v} &4 S AL-&3%A

E. coliol A2l pedM &l Escherichia coli DH5a ¢} E. coli BL21(DE3)= 22+
Promega’te} NovagenAlZHE TFY5F . Cloning¥ overexpression vector®i=
Takararte] pCold TF DNA vectorE TYste] A3ttt E coli DHhaE E.
coli cloning manipulatione 93] AF&3t3 3L E. coli BL21(DE3): overexpression
host® A}83}Sth. E faecaliss 37ColA MRS brothe Al&3te] wjdslgia »E
E. coli stainE2 A3 IAAE ¥F3 LB (Luria-Bertani) mediums AFE314
37Col A ettt =E wjA 52 Difco LaboratoriesAtZ 58 -¢isto] AF8-319)
t}. TransformantEs WY&E o A&t SAA = ampicilline 2 HF =7}
50ug/mLo] == 37183

pediocin M& AasteE I A A3 Leuconostoc mesenteroides®| AHEH X

bacterial strain¥} plasmidi= Table 4] YWEFW ST, Escherichia coli DH5a = E.

ly

coli cloning manipulations 98l  AFESFATE Leuconostoc  mesenteroides<t
Enterococcus faecalis, Pediococcus acidilactici M 37Col4 MRS broth< A}-&3}

o AAWML}IT EE E coli staingES AEe IFAAAE XS LB

(Luria-Bertani) medium< AFg&3te] 37CoA v dssd 2E wx&EL Difco
LaboratoriesAtZF-H 935t AF&stAth. AFESE FAAES OS5 2& sE=

A7 etk ampicillin, 50ug/mL; erythromycin 200ug/mL.

4. 28AE
Aol ALgR A, FulE S AT A, v
o 44 AxE ARE FNE BFAe o
AT U S EAY FA R 24T EF AMENY, 4% T T
Pz, P, Jool, FHFE AW LAl
=z

o], 5C ©]3+¢] RH 90~95%
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Table 4. Bacterial strains and plasmids used in this study

Strains,plasmids Genotypeorrelevantmarker

Referenceorsource
Bacterialstrains
Leu. mesenteroides Wild-type strain KFRI" 820
P. acidilactici M Contains pediocin plasmid, Ped” plasmid KFRI
E. faecalis Sensitive indicator strain for pediocin KFRI 354
¥80dlacZiM15 recAl endAl gyrA96 thi-1 hsdR17
E. coli DHb5nu Promega Co.
(rK- mK+) supE44 relAl deoR “(lacZYA-argF)U169
Plasmids
pUC19 E. coli cloning vector, Amp", 2.7kb Promaga Co.
pCW4 E. coli-LAB shuttle vector, Em', 5.3kb Park et al. (2004)
Park et al.
pCW5 pCW4 :: P32 promoter, GFP, Em", 6.3kb .
(unpublished)
pUCFP23 pUC19 :: 4.4kb pedA upstream ™ pedD PCR product, Amp" This study
pUCPMb5 pUCI9 :: 3.4kb pedA~pedD PCR product, Amp" This study
pCWPM30 pCWPM30 :: 3.4kb pedA~pedD PCR product, Em" This study

*KFRI, Korea Food Research Institute, Korea.
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59 WA= BT MerkAb EiE Difco lab.el RS AMgEYom TFA, NaCl,
NaH;PO,;, NaH:POs4, Amerlite XAD 4, Amberlite XAD 6% chemicals % resin<
2% Sigma Co.o] RS, 281 HPLCO AFE-3F water ¥ acetonitril® Mallinckrodt
BakerAte]l A& AREstdvh. Aldm e HAFeo] dAAe]d AA Qe AREE polylysine
I} nisine A15sFo] A Sigmad] AEFS z2+7 AFE3S

2 Ay A3t z® HEFE FHAQ nisin(Sigma Chemical Co., St. Louis,
USA) % polylysine(Chisso Co., Tokyo, Japan)< T8t IEE RO AL835}7]
Z Ultrafiltration membrane(MWCO 10,000, Spectrum laboratories Inc., CA) & & ¢]
I3t AFE3F a1, pediocine pediococcus acidilacticiZF-E] E8]slo] AL&31S
FRHIAE AxE Z2Y EHWAZ7IAQA OPP(Orineted polypropylene, Oxygen
transmission rate: 250 cc/m%/24h/73F/0% RH)= (52) tl@abdol A Felate] Alga}
A, AFAZ AEH ZE &HE 51 Polyamide[Poly(dimer acid-co-alkyl

polyamine), Sigma Chemical Co., St. Louis, USA]+= SigmaAloll A F<¢iste] Al&35}
o
AN

2. Pediocin®] #37 - A A

7}. Pediocin® FZ&

Pediocin®] FZ< Yang Sl 93 S&F-gdzxWor AASAY. =, Pediococcus
acidilactici Me] W FH(18L 71F) o2 5H pediocin®] el A 5o W Fst
Aok =, 36£1CoA 16A17F &<t w3t Pediococcus acidilacticic M2l MRS broth
WS 70 TS water batholl A 30%3F 7€ %S bacteria celll] pediocins &2
4M NaOH=Z pHE 6.0o2 A3tz A4 3057F wkstd v, wdks nj ko &
AAE2] (10,000 xg, 4 T)3F] pellets 100mLe] 5mM sodium phosphate buffer(pH
6.002 23 AMAsI Al GAAFE(10,000 xg, 4 C, 30%)3FA T Pellet= 40mL<]
100mM NaCloll thA] A HEAIZ] t}S pediocin® &322 98] 5% HsPO,2 pHE 2
B ZAstaL 4T A 244 7F &< wwkstitt. o] & thAl 42 (18,000xg, 4 T, 30
)gle] A=HS 0.20um bottle top filter® <J3}3}1 Spectra Por7 dialysis
membrane(Spectrum Co., cut-off 1,000 Da)e. & F43 t}S FZAAZX7|(Ilsin Lab)&E
FARZEAY. AR Alme dAAClE e Yol 4T RystHA Ee2f - FA
Al el AR&sEAtHFig. 1).
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. Amerlite XAD®| 9@ &g

Pediocin®] hydrophobicdt 54 S ©]-&3lo] amberlite XAD 49} amberlite XAD 6
S o] &3l &= chromatographyE 2 AlstE . WA amberlite XAD 49} amberlite
XAD 6°19] pediocin S2-22 ZXAS dolr7] 93] 50ge amberlite XAD 49}
amberlite XAD 6& A& bl 7t 1%(w/v) TFAE 713k water= A a}
1l empty columne©l] packing3 T}2 MRS brotholl A 15417t v k3l vl A HE
2](10,000 xg, 4 C, 30%)3F 42 A= 500mLS columnol applyAlZth. 235 thA|
250mLe] 1%(w/v) TFAE H7Fgt water®2 FAHAZE 3 ts elution solventZ Al
1%(w/v) TFAE %7} ethanol®t 1%(w/v) TFAE %7} acetonitrile 250mLE 7}
zZ} §%3% g vaccum rotary evaporator(Biichi RE121, Switzerland)oll A & uj <}
TFAE A A% th3d agar-well diffusion® &= pediocin acitivityS assay s}t

FER-gAY A AA BE& IS Y8 FH-2FST AdAEY NS amberlite
XAD 69 &2z3t ths elution solventZX4 1%(w/v) TFAE #7}3t ethanolZ €% 3}
3l vaccum rotary evaporatorol A &=35lil TA7A XS] agar-well diffusion™ & &

pediocin acitivityE assay st tHFig. 2).

t}. Semi-preparative HPLCol| ¢]gF & A

Pediocin®] semi-preparative RP-HPLC A A= Vydac 218TP1010(Cis, 10 pm,
10.0x250 mm) semi-preparative HPLC column®® HPLC system(Jasco, Japan)= ©]
&3ke] Table 43 #2 xAstol A AAstdnh. o wf AFEF o] &2 0.1%(w/v)
TFA in 100% water(solvent A)¢} 0.1%(w/v) TFA in 60% acetonitrile(solvent B)?]
Fom™ solvent A9t solvent B9 gradient =32 th23 gkl 0~5%, solvent A
70%, solvent B 30%, 40+, solvent A 20%, solvent B 80%, 50+, solvent A 0%,
solvent B 100%.

3. AEY AAY

7h HA7ME A F AAE

AdE Aol coreEs AAZ S 55mm FAE slicing(Mirra 275, Sirman Co.,
Italy)stal <ol AlH g § 2AAdggate], x| Ho] 383t dipping & A=A &9
=A17A polypropylene filmell 2743 th& 18°C ] A aLel Hytatda A3 el o] &
EIs
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Culturing of P. acidilactici M(1.8L) [MRS broth 18hr at 36 C+17C)

l

Heating at 70 C for 30 min
l

pH adjustment to 6.0 with 4 M NaOH
l

Stirring for 30 min at room temp.
l

Centrifugation at 10,000 xg for 30min at 4 C
l

Suspending in 100 mL of 5mM sodium phosphate buffer(twice)
l

Centrifugation at 10,000 xg for 30min at 4 C
l

Suspending in 40 mL of 100 mM NaCl
l

pH adjustment to 2.0 with 5% H3PO4
l

Stirring for 24 hr at 4 C
l

Centrifugation at 18,000 xg for 20 min at 4 C
l

Filteration with 0.22 um bottle top filter
l

Dialysis for 24 hr in D.W.(cut-off 1,000 Da)
l

Freeze-drying

Fig. 1. Extraction of pediocin from P. acidilactici M using adsorption-desorption

method.
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Culturing of P. acidilactici M(1.8L) [MRS broth 18hr at 36 C+17C)

l

Extraction of pediocin(same as summerized in Fig. )
l

Apply on Amerlite XAD column
l

Washing with 0.1%(w/v) TFA in water
l

Elution with 0.1%(w/v) TFA in EtOH
l

Evaporation by rotary vacuum evaporator
l

Freeze-drying

Fig. 2. Extraction of pediocin from P. acidilactici M using amberlite XAD 6

column.

Y. H 3 dips solution A% % hurdled] &< 93 AFE AA =z

AdE ALY coreE A AF U2 55 mm FAER slicing(Mirra 275, Sirman Co.,
Italy)stal <ol AlH g § 2AA gpsto], Atk shi= A oo 3%t dipping
T oA FHESF AlA EFT tF 18T A e RypstHA A o] g3}

o]
AA

t}. 33 dips solution A3

o Al o]&d HAFHEARE vAdEoAM #FAF polylysine(Chisso Co.,
Japan), nisin(Sigma Chemical Co., USA), pediocin(isolated from Pediocuccus
acidilactici)® & - A=A FZYg  lysozyme(Sigma Chmical Co., USA),
chito-oligosaccharide(:=t] A o] -F, (F)wl==) GSE(Grape Seed Extract) (DF-100,
(F)o Zojolmy =) 2 HEE-S(Daepyung, Korea), f-thujaplicin(hinokitiol)(Aldrich,
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Table 4. RP-HPLC condition for the purification of native pediocin.

Analytical Semi—preparative
Column Vydac 218TP54 Vydac 218TP1010
(C1g, 5um, 4.6x250 mm) (C1g, 10 um, 10.0x250 mm)
Flow rate 1.0mL/min 2.0mL/min
Detector UV/VIS, 220 nm
Column temp. 40C

A : 01%(w/v) TFA in water

Mobile phase B : 0.1%(w/v) TFA in 60% acetonitrile

Time(min) A(%) B(%)
Gradient 0~5 70 30
condition 40 20 80
50 0 100

USA)olH f7]4Fo 23 citric acid(Junsei Chemical Co., Japan)®} malic acid(Yakuri
Pure Chemicals Co., Japan)& ©]| &3} o o]& o]|&3slo] Z4zte] T2 Ax$
A Mol =g F 18T A F o wE 7+ H7tAo AME T Ay 33 9 #F5H<d

=

We gelatg. oA AdE Ade] Aol W 1 FHs AAHE AW

il

=&

noi'

ozM AAWAA Egol o FHEn % A% WRE FAsgdon, ®
& AAGHAS FIEe BEFOoRA] VAR AR A Haksh Aol FUEE
@7 Felstgict.

2 E93 Y9 hurdle &4

242l hurdle A2 WMoz, WA d4¢ A 2 dF U
7te] gas g 1otk 5 94 AR Wyl 49
o] 40~70ColA 30%~2%%F mild heating &3t o, <4
°of Aa¥l FALEVF 15~50TCE H&E FolA 1~-383 355 B3 A5
o 2 A3 g7t AR E S "¥ste] AAE dips solution(E3 A o)y}
3o 24 hurdle factor24¢] A4S HES AT



vk AR 9 Az

W35 oF 4xdem A7 = Adete] v FAIS oF 5%° AuE &
Al 8 %(w/v) el B 3ARF Aol faroll AL ths oF 3081 A=A =
A gt ol AR mheEs HES FARE dAduiE 80%(w/w), AAH
8.8%(w/w), ILF7HF 4.6%(w/w), T3 A7 0.4%(w/w), T+Z vkE 1.8%(w/w), A%
3t 15%(w/w), A" 1.8%(w/w), 25 1.2%(w/w)e] w2 &3tste] Aol w3
of MEHA AAE Azttt o] Wl staterZ FH7FeH At P oacidilactici M,
Lactococcus sp.(No. 2774, 2775 2 2777)& F& 2539 0.2um membrane filter=
o] 33k o] ol A 37°C, 24A17F W EE AL oF 10'CFU/gel H]EO] H =5 FH7hskel
t}.

vt 2 e Az
D A2 A=

TR Azxes WES AT FH g, 75 16g 2 AxER 19gS AWt R
108mLel 2 &Fate] 25Co|A 247 HFEA A FRE A%t

g o Aspergillus kawachii &3S 7]{:(%§]r€—ﬂ. 60SP)o.= & 160&5 49
Rom, ojoja 25T A 48A1%F &<t Wi FRE F FI 9 6%® Egste] 25T
AN A 24 3F M FA AT B EFTIZE Solle WY 5~6‘] A wgkete] 8 A Aba
THE FRon, 2UAYS o5 254g, SH 1,270g, FE 200mLel & 2,046mLE
7bell 25°Coll A 48A1%F Wi FAIZIaL 29Abl e 2k - 48417l Fv] 25kg, Y= T7g
9B ALE AL Hubste] 25T oA 397F vl gA A 248 th Pediocin, polylysine
2 nisin 2TAFY Al HIEsERl on 2WALY Foll= 4T AstaA FHWsE

B39

il

£

A Z® 4F Az
4

Polylysine Z¥ 2§ AxXE Kim S@GDY WHS ®HIYPsAY. = FEY
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polylysineg 20 % ethanol(v/v)& ol 5% F=(w/v)Z &3|A7]3, A2 A&
polyamide(PA)F A& ML n-propanol@} iso—propanol 2 : 1(v/¥)¢l 7] &ufo] w5
(w/v)2  &%ste]  polylysine =¥ &d4S  wE o5 High  prequency

generator(Model BD-20, Electro-Technic products. Inc., cicago, USA)el| 2]slo] =

2 A9 FA 9k 50 m W9 polypropylene ZE o] =X A7 o] E A&
A 1Y AR AFRAA AZEAT polylysine ¥ PA =244 2 FA A2AL 77}
o ¥ % FAE gt Axd ES 4 x 4 em’® ddate] AATFF A5
LT E UV Spectrophotometer (Jasco, V-570, Japan)E A}&3l9] ODggooll Al SHE=E
3l FrdAds S et HA wxE 248 polylysine ZE HE 9

N
BN

hiA
ZF A=+ Fig. 33 Zt} Nisin % pediocin 28 ZE T3 TU3 oz
o

= A A g gt Fd Az FHRE T8t ddAsR

T =i
AFEEEG T FH(Ax6x1 em®)E 7H7be] B E(10x14 cm?)ell 43 10 Col A shd

{0

o
n
-z
lo,
ol
=
jl)
)
o
=
=
2,
H
i)
rJ
olr
XU
At
oX,
filo
e
ol
ol
2
=
=4
BN
-
rlr
O
U
av]
i)
—

a8 AR (7372%)% sto] W B3, AXE S5 4
gt AugS =3tste] Alx%k & PP(polypropylene) @Eo &2 X

arell st Aol Abgeksdv. 2 Az AL Fig. 49 2

ety

1716 2 Jkeha

bkl 20C A%

oN

A AA HFAF A%

Sliced A}#Z 40C=2 52 A7 dips solution®l] 1#7F A A A7l & A2 &4
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Solution A D

Solution B ?

Mixing

!

Spreading

Coating medium

Corona treated OPP? film

!

Casting

Drying

Room temp., 24 h

Fig. 3. The scheme of fabrication of polylysine coating film.

Y Solution A : 10 % bacteriocin solution in 20% ethanol.

? Solution B : 20 % polyamide solution in 2:1 {—propanol/n—propanol.

¥ OPP film : Oriented polypropylene film.
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A * Soaking glutinous rice in
distilled water for 2 hr

B @ Soaking glutinous rice in
150 ppm hinokitiol for 2 hr

Mild steaming for 1-2 min

Mixing nuts and sugar

Steaming

for 40 min

(1) ()

Only A Only B

(I

(IV)

A with

NPieii” | |B with NPyea.

Forming

Packaging

Fig. 4. Flow sheet of yaksik prepared by various condition

UNP treat. : 1200 ppm nisin + 800 ppm pediocin
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A2dFA R EEH

1. & &89 34

Pediocin® #X] - AA AAHFe &AL Tagg?t MacGiven® agar-well diffusion
Ho g AAFAY. Enterococcus faecalis KFRI 354 indicator straing 10mL<] MRS
brothell %3}l overnight culture® ®i%9 1mLE MRS soft agar®} T35
MRS agarel &3t 2¥3}sttt. 283 pediocin 7T0uLE  well] 718
overnight Wl &3l A& S A5

Alz: 9] HAHE Al Pediocin, polylysine ¥ nisin®] HIAE<2 AFol| v g3
sklstr] fsl, 72 AlE (A, Sl F, @t o], FAF)ddl 3u¢] nutrient broth
2 718 3 2EuAR #4243 a1 oJAS 30C9 incubatorol 12417+ v ks}o]
1& AV&d 52 o] 831 h Nutrient brothell Z2F9] pediocin, polylysine ¥ nisins
0, 25, 50, 75, 100, 125, 250ppm(v/v)e] FX== H7tataL, FAlol zF AlgellA wljdd
TTE 10% (A, w3, Qo)) B 33% (P, F45:)4 HAEste] 30T 9 incubator
oA wjkstHA wIAFE TFe] ASEE UV Spectrophotometer(Jasco V-570,
Japan)& AH&3F] ODggooll Al F3 %= #o= SAHsta A4 Wsts el

o

[*]

2. Pediocin®] A= &<

7F. HPLCel &% &4l

Pediocin®] analytical RP-HPLCel ¢3¢t <212 77|29 semi-preparative RP-HPLC
o} TUg systemS A&t o ojuf ALE3S column Vydac 218TP54(Cis, 5pm,
46x250mm) analytical HPLC columne]ith. A}&3F o]&5A3 gradient A2
semi-preparative RP-HPLC$} Y3}

. SDS-PAGE 93 &<

£33t pediocin®] SDS-PAGEE Schagger®}t Von Jagowd #Hh
Tricine SDS-PAGEZ AAstlom 40% acrylamide mixE A}
blue® stainingstgth.  oluwl  A}&3F molecular weight marker= ultra low

marker(Sigma Co.) S AH&3F%

W
H
£3}31 coomassie
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3. Pediocin®] &334 A ¥

2% pediocin®] pH, &, et E4A Tl 3t EAHS AT T2
o] HPLCE watero] £33 pediocinS 100uLE 1M citric acid buffer(pH, 2.0, 5.0),
1M acetic acid buffer(pH 5.0, 6.0), 1M phosphate buffer(pH 6.0, 8.0), 1M Tris
buffer(pH 80, 10.0)ell Ztzb &gska Aol A 307 AA 5 agar-well diffusion
WO 2 pediocin acitivityS assay sl %3 th.

Pediocin®] ‘2= pediocin & 42 37T, 50C, 60C, 70C, 80CA 30&7+
7FE3t o 121 CoAA+= 1587 719X 833 agar-well diffusion® &2 pediocin
activity®  assaystdth. ole2x# = 100uLe] pediocin F&] Mo FFol 99.9%
ethanolS 7}3+% 3087 WHXA3 e eSS IWAA AASIL agar-well
diffusion® & = g5 assaysF it} el el R catalase(Sigma Co.),
protease(Sigma Co.), a-amylase(Boehringer Mannheim), nuclease(Sigma Co.),
endoprotease ASP-N(Boehringer Mannheim), trypsin(Boehringer Mannheim)& A}-&
ko] 10uLel ZHzte] &4 g e 50uLe pediocin E# NS 7}Elal  catalase, n
—amylase % nucleasex= 37ColA 1A%t F<¢k 183l endoprotease ASP-NI}

Trypsine instruction manualel] w2} W335 ggar-well diffusiony oz SAS

assay sl
4, S8 AF
oz o] A ke BCA micro—assay W (bicinchoninic acid micro-assay method) 2. &
AAEFG o GlA standards bovine serum albumin(Sigma Co.)S AFE3F

5. Pediocin-like bacteriocin(Class Ila bacteriocin)®]

7}. Bacterial strains and media

Pediocin-like bacteriocing AJ4tsh= LAB(lactic acid bacteria)E A™E3}7] gk
indicator strain® 23+ Enterococcus faecalisE A3t o™ o] == MRS broth

(Difco lab.)& AF&3}e] 36TCol A B ksl o).
. Isolation of LAB(lactic acid bacteria)

Lactic acid bacteriaZ isolationd}7] 98] o] AXAIZHE thkst =79 71X 9
=

md
A2 dARE Bgdor A3t 0.85%(w/v) saline solutiong AM£3Fe] 7%
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aS FHal 1091 serial dilutiond T sodium axideE 713 MRS agarol
spreadingd}e] 36TColA 247 w3ttt dojd colonyE2 MRS brothol A <4 A
Hj &Fste] glycerole] 20%(w/v) S =5 #H7sk § -80Ceo| TARE s1HA screening
of AR&3kAT

t}. Bacteriocin—producing LAB9] screening

supernatantE Ao 7TouLE A S AMESAY. Agar 535 plateT 1.4%
MRS agar plate®l indicator straing 2% inoculationdt 5mL<9] 0.8% MRS agars
pouring3dte] ¥]3}¢ . Paper discoll AEE 7} thS 36CoA Hl%dte] clear

zoneS 921384t

6. P. acidilactici M| wWj¥z=a Alg

Pediococcus acidilactici M9 ¥z FHS 98] 44z
& B ostirred cell ¥MIFe] 37FA] vl oA o= wi ket WS HEA &%, pH %
pediocin activity(AU/mL)E Z743stth. olul stirred cel
cell(Wheaton, 25L)& A&stlom 120rpme] wRk&I== stirringst 9l al ol &2
e k7] ol A 200rpme] WS TR e

T3l autoclaving$ %7] pH7F 22 pH 7.0, pH 6.8, pH 6.4, pH 6.0, pH 5.8, pH
5.6, pH 547} ¥ %% autoclavingZ ol 5%(w/v) HsPO,2F 5M NaOH=Z pHE Z 435S
t}.

Tween 802 H7}sA] %2 TF-MRS broth9 ®¥Wxz42 wiX] 1LY tryptic soy

S cell culture® stirred

s

broth 10 g, beef extract powder 10g, yeast extract 5g, dextrose 20 g, ammonium
citrate 2 g, sodium acetate 5g, magnesium sulfate 0.1 g, manganese sulfate 0.05 g,
dipotassium phosphate 2 go]1 2™ %7] pHE 5%(w/v) HsPOs= 6.8% FA 3
MgSOs 2 MnSO; FXo wWE pediocin AAHEF ¥W3lE 7 ES 7] 93] MgSO, 2
MnSOsE A19)g & wixARe] F=E MRS Fds 7eta MgSOses
0.01%(w/v), 0.02%(w/v), 0.04%(w/v), 0.06%(w/v) Z 0.10%(w/v)E, Z128]3 MnSO,
= 0.005%(w/v), 0.015%(w/v), 0.025%(w/v), 0.035%(w/v) Z 0.045% (w/v)Z2 27

7}t wldE #52 £ % pH ¥ pediocin activity(AU/mL)E =74 3}
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Nitrogen source® <G38FS Lolr7] 93] Verellen So] AF&3F npo} 7o
1.9%(w/v) tryptone, 3.4%(w/v) peptone, 1.9%(w/v) meat extract 2 25%(w/v)
yeast extractE nitrogen source® WAt wiUdT TS24 &%, pH % pediocin
activity(AU/mL) S =433

A Fell AEE MG BF 36:1Chen, FEFS 0.1%(v/V)e=E 10mL
°] MRS brothell 0.1%(v/v)2. 2 stock cultureE 5 F3te] 361 Tl A seed culturegt

g A

7. Pediocin®] o= @&

7} E. coliol A 9] pediocin M & A2t

1) DNA manipulation

E. coli®] plasmid DNA¥X alkaline lysis procedures E3& #2384 Qiagen AFY
QIAprep spin plasmid kitE o]&3te] &3ttt T4 DNA ligase®} restriction
endonuclease™ Takara AFZHE Tl AF83 k. DNA ligation ¥H$2 16Tl
A 18413 A 83k}l Restriction enzyme digestion®l] €3] =H]¥ DNA fragmente
agarose gel electrophoresis®] 2]3} separation® 131 ethidium bromide staining®l] 2]
3] visualization® v}, H3F DNA restriction fragment= QIAquick Gel Extraction

kit (Qiagen Co.)E A}83}] agarose gelZH-F purificationd} A

2) Plasmid construction

Overexpression plasmidE constructionst”] $3] Sac I site (underline)E 713
primer ped-XaM-up-1 (5'-GCG CGA GCT CAT CGA AGG TAG GAA ATA
CTA CGG TAA TGG GGT TAC TTG TGG C-3)¢ Hind III site (underline)&
7}2 primer ped-MSt-rp (5'-GGC CAA GCT TCT AGC ATT TAT GAT TAC
CTT GAT GTC C-3)E A}&3lo] Facter Xa proteaseo] &3] <12o] 7} 3 o}n
w2F AJ9e codon (o] A|)S E33E  mature pedAS Takara AFe] Ex Tag.
polymeraseE A}&83Fe] PCR (polymerase chain reaction)@ %3 AZth o] PCR
product= Sac 13} Hind III restriction enzyme® 2 digestiond % °F 150bpe] DNA
fragmentE agarose gelol A 5F-¥ isolationd}®] Sac 1%} Hind HIZ digestiondt pCold
TF DNA vector9 corresponding cloning site®l ligation*] 1 t}(Fig. 5).
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Sac |
5’
[ .

v Mature pedA Hird 11l
Deduced Factor Xa recognition sequence

Xba |
Pst|
Sal |
Hird 1
coR |
BamH|
Xho |
Kon |
Sac |
\ Nde |

W

cspA 3UTR T

Multiple cloning site
Factor Xa site
Thrombin site

HEY 3C Protease site
Trigger Factor (TF)
His - Tag

TEE

cspA SUTR
lac operator
cspA promoter

@ S *

pCold TF DNA
(5,769 bp)

&

Fig. 5. Cloning of mature pedA PCR product into pCold TF DNA vector.
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3) Transformation

E. coli competent cell CaCly challenge methodol] e} 4|3} 4 Real Biotech
Corporation®. & - F<ste] A}£359 . Transformation heat shock methodoll
uwlg} 23 35le] LB agar plated] ampicillin® X-gal (5-bromo-4-chloro—-3-indolyl-f
-D-galactopyranoside), IPTG (isopropyl-fi—-D-thiogalactopyranoside) & Zy 2}
100ug/mL, 80ug/mL, ImMe| H =2 H7}3 selectiond} S}

4) Pediocin M overexpression by E. coli BL21(DE3)

pCold TF DNA vector= expression host®l E. coli BL21(DE3)°l transformation?|
71 5 cold shock methodel| e} fusion protein®] W&k W3S FEskch 1 A
2 Y3 2t} transformantE  ampicillin @ 7F 89X HF3ske] 37C  shaking
incubatorl Al 0.Ds=0.470.57F & wj7}x] AA] wjeFe F 15T A 30E3F o+
o}, 2™WtS IPTGE Yal 15C shaking incubatorol Al 24A17F v &F3Fit). o] E A
ksl A HS JAEE sl A5 NS ol His - bind purification kit (Novagen Co.)

o] &3} histidine®] fusion® &3 proteing A A3

il

Y. Leuconostoc mesenteroides®|* 9] pediocin®] &&

1) DNA manipulation

E. coli®] plasmid DNA+ alkaline lysis procedures & #2344 Qiagen AFY
QIAprep spin plasmid kitE o] &3t &3ttt T4 DNA ligase®} restriction
endonucleasex= Takara AlZHE TFYsFe] A83 . DNA ligation ¥F32 16Tl
A 18413 A 83kl Restriction enzyme digestion®l] €3] =4]¥ DNA fragmente
agarose gel electrophoresis®] 2]3) separation® 131 ethidium bromide staining®l] 2]
3] visualization® {t}. E3F DNA restriction fragment= QIAquick Gel Extraction

kit (Qiagen Co.)E A}83}] agarose gelZ5-F purificationd} A

2) Transformation

E. coli competent cell> CaCly challenge methodol] e} 4|3} 4 Real Biotech
Corporation®. &€ F<ste] AL£359 . Transformation heat shock methodoll
w2} F8sted LB agar plated] A3 A g wek X-gal
(5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside) 2} IPTG (isopropyl-fi
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-D-thiogalactopyranoside) S Z+7} 80ug/mL, ImM©o] =5 3 7}sl¢] selectiond}$d
Leu. mesenteroides®] electroporation Gene Pulser (Bio-Rad)E 25uF, 2.5kV, 200%
2 243} 02cm cuvettes ©] &3 433t} Electrocompetent cell Raya et al.

o wel et Fnlshgic

3) Plasmid Construction

Pediocin M expression vectorS constructiond}”] 3] pUC193 pCW4E shuttle
vectorZ AF&3tl. Insert DNAE LS Ped plasmidE 3 0 23] PCRE FZ A
7  ZyZbe]  restriction enzymel E  digestiondte] FH]H oIz shuttle vector?
corresponding cloning site®l ligationA]# pUCFP233 pUCPMb5, pCWPM30S 27+
constructiond}t At} (Fig. 5). ©] uw] A3t primers ¥ restriction enzymeE < Table

5l HER AT

0.5Kb
Sall EcoRV Nde |
Ped* plasmid | ' |
R — >
pedA pedB pedC pedD
BamH| BamH|
L |
pUCFP23 —
ped-hup-3 ped-hrp-3
BamH| Sac |
L |
pUCPM5 L —
ped-pMB-up ped—hrp
BamH| ,4}53/77H|
1 ]
PCWPM30 — —
ped-pMB-up ped-hrp-3
P37 .
pCWPPM — pr—
ped-pMB-up ped-hrp-3
= <=
Primer

Fig. 5. Schematic representation of the construction of the plasmids. The horizontal
lines represent the inserts of the wvarious plasmids. Arrow(—) indicates the

direction of translation.
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Table 5. Nucleotide sequence of PCR primers used in this study

Restriction
Primer Nuclotidesequence (5’ —3’) Source
enzyme
ped-hup-3 GGC CGG ATC CGT CGA CCG GAA ATG A BamH 1 This study
GGC CGG _ATC CCT ATT CTT GAT TAT GAA TTA
ped-hrp-3 BamH 1 This study
ACC G
ped-pMB-up GGA TCC GTG ATG AAA AAA ATT BamH 1 This study
GGC CGA GCT CCT ATT CTT GAT TAT GAA TTA
ped-hrp Sac 1 This study
ACC G
P32-Sl-up GCG CGT CGA CAG ATT AAT AGT TTT AGC T Sal 1 This study
P32-Sc-mp GCG CGA GCT CGA ATT TTT CTG CTG AAA C Sac 1 This study
ped-srp-1 GGC CGC ATT TAT GAT TAC CTT GAT This study
ped-Crp-1 GGC CCT ACT GAT TAT TGT AAT CAG This study

*Underline is the restriction enzyme site

4) Pediocin activity detection

Pediocin activityS <olH 7] 9381 Agar well diffusion methodS WIHAAH AL&3
ot pUCFP233 pUCPMb5, pCWPM302] E. coli transformantE< A A7} x5
oA 2 LB brothEs AF&3ste] 37TCelA 18AF &<t widste] €
PA

8 MAEZFY =
b S
Hurdle &3 Alg& 913 a7 2

o] Fp Amd 1005 WA
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A A4[0.85%(w/v) NaCll& 7l & 2Evl7(Seward, Stomacher 400 circulator)®
A 3}H(260rpm, 2min)et T3, 107 3]st A 59 Plate Count Agar(Difco)&
pour plating &t 35+1°C incubatorol Al 48A41%F E<¢F ®j%3dl & ilebd colonyS
CFU/go.2 #Hatslsl

U s ® 3 dL

At Aol 1089 Hat 2] 44085 %(w/v) NaCllE 7Het & 47
(Stomacher 400 circulator, Seward, UK)Z &3} & tlS I1mLE 3 & oA 3
23t v Aol pour plating®d & 37 C incubatorol Al 24~48A]7F ot w3k ol
plated 25~250702] colonyE &A% plateE FHsto] AlFsla Alm 1g G F0F
gttt F S E WXl = Coliform agar(Merch, Germany)ZS ©] &3t w9k
< vEehd AA colonyE NFTTTE A5 colonys TS E #E 3 CFU/g
o2 3akslsd

o 2ad

Algo 108f9] " A A 94[0.85%(w/v) NaCllE 713t & ~EuntA(Seward,
Stomacher 400 circulator)® & 3H(260rpm, 2min)3d 2, 107 3]4]35le] BCP plate
count agar(Eiken Chemical Co., Japan)E pore platingdr & 37Col A 484 %F 8] %k3stk
T UEd colonyE CFU/ge & 3Hilslgd

2}. Bacillus cereus
AA T 9wl Hd AP A A 5[0.85%(w/v) NaCll€ 7+st
circulator, Seward, UK)Z & 3}3t t}g 108 &4 3A35te] zF dA 34 1 mL

2 Enk7 (400

o

AS FH oz #H3 ¥ Chromogenic Bacillus cereus selective supplement(Oxoid,

UK)E #7}3F Chromogenic Bacillus cereus agar(Oxoid, UK)E #F3tgt}h 37+1T

473

o

l

=

i)
1
ftlo
ot

of| 4 24417 wj%F(HB-103M, Hanbaek, Korea)3dt & =3 2 ¢l ks

A5stel Barehelct,

9. A=
Alge] ZHE 2 A% W3l spectrocolorimeter(UltraScan XE, Hunter Lab., USA)S
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f

AFE-3}e] RSIN(Reflectance Specular Included) modeZ A& T 271E AAst FTHES
4 X5 447 23] ¥bE =A% & Hunter's value? lightnessE YERJ= Litel H3lE
o]-&3to] YERHSISH spectrocolorimeter®] Z2t271> Table 63 23kt o]w] Hunter
AzpA o] ke A2 el = Lik(Lightness), < A9 AxE el adl(redness),
webol A& UER = bik(yellowness) % AE g5 S4st3t) olw 5 WAIKL :
9783, a: 034, b : +1.9B)S XTHOZE o83

Table 6. Spectrocolorimeter operating condition for color change test.

Specification Conditions
Instrument HunterLab UltraScan XE
Scale Hunter Lab
[luminant D65
Mode RSIN
Port size 1.00”

10. pH ¥ 3=

pHE pH meter (Mettler Delta 345 UK)Z A& o Axe pHE HAE A
zg2 #ZFe% ZFde pHE pH meter (Mettler Delta 345, UK)Z =43tk Ak
T pHE =43 Al&o 0.IN NaOH £do = pH 81027} E uwj7tx] A3}

(mL)& 38 o5 lactic acid= 3HAFsle] =& G-k T}

Z,
Q

O
T
ofo
2
lo
E
ot

A8 58 BRA7FAE AAS & 250mLE 34, #d3ste] o]F 25mLE #H sl
Formal| &2 o}u|i=2kA] AA4AHS S5
obe et W (mgos) = (Vi— Vo)<Fx0.0014x Dx1000< L&
oA71NA Vo BEAE A28 % 0.IN-NaOH &9 ok (mL)
Vo : 3AE 283 0.1N-NaOH &M< 9F(mL)
F : 0IN-NaOH &9 <7}

o
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D A
St Amel A
0.0014 : 0.IN-NaOH &< ImLdl J9d3st= FA=(g)

=487 YalA polylysine =8 FEFL 4x4cm’
717 Aste] 20mLe HaFFI7F £ 95 50mL conical tubed] ¥
polylysine €& %S Z43t9th SWHLS BCA assaye S3llA &F% polylysine

o] & wstE SA3A T protein 78 A2 BSA(Bovine Serum Albumin, Sigma

13. =€ ZF9 ¥ EAH

Azy BES Z47+o AN FFol| 3t FF&AH S agar diffusion method$} A
Z4M S o] 835t} agar diffusion methodE Z7te] Azx® FES 1 x 1 em?
Aest 55 agar plated] X2 F AASS gRlsida, AETe] 4L
247k 1.0x10° CFU/mL 4%9 A Al#F7F H%E¥ phosphate buffer(pH 7.0) 2
peptone water(pH 86)01 uHEl2] ¢4 mYIEMUxdem) S HEAA AATFF AT

= =
& A%

ali

14. 3" IF9 2H 54 A3

Polylysine 78 59 =42 drtdor Atgsts U84 Z55 dHET2 5o
ol g4l WA= WFF FEAFA AL A FEel g WstE Adu Ry 91sto] A
Zd 5o deld Rl B ol 9% polyamide WOl FEMEE A E
71 98l FAFA ] G (S-2380N, HITACHI, Japan)< ©]&3l%] morphology =
=3

7}, 8 &3 = (Water Solubility ; WS)

ggo) faEt SolE 348 AL 4dom’e) A7)z Avsie] 30 Tel W2
5 =

al =
olAY ¥ & FTHFT F 30mLE /st YFE parafilme 2 HEste] 25 T
4

gerlol W 6AZvhY EEl FHA 244 F¢ AUt BB SEE



z719 Azel e 2o Gald de WEEE YERAAT.

Y. 259 g4 (Morphology) &%

Polylysin 28 &9 #xHo] o HEZHAS we D59 FAdo] oD A HIFx
=AE FAYeaA FAF # w7 (Scaning Electron Microscope, S-2380N, Hitachi,
Japan)& Abgdte]l #FEGTh 4 Z7he] AHS AA Aidte] 1.0x1.0cm’E

As & o] £ 378 7] (Model Eiko IB-3, Japan)E AF&3ste] ¢F 500 A F7¢ &%
Sputtering 3+ & FAFAUF o7 <9t 18kV, AF 90 A ZA3FolA 20008 &=
235 A

15. 8 A E 9 polylysine €& 2 Fo 54

AzxH polylysine =% FF°] &%, pH R A¢si=dl n& polylysme = 2
P FS AT falA o] 4-29) 4-3¢9] W ow A
16. =2z

4

H&o] AL Texture analyzer(TA-XT2, Stable Micro System, England)Z&
o] &3t "Tmme FAE At AMRE rupture test® 48T S=AH A= probe
7F AE3 ARl 7teld 9 force(kg) %kgi UrE‘r‘H o AT 379 ANEE
a9l AE, 74 gl dial 43] vbE S § JEAE deddden, 421
2 Table 77} -t}

Table 7. Operation conditions of Texture analyzer

Specification Condition
Mode Measure force in compression
Distance format 25% strain
Pre-test speed 2.0 mm/s
Test speed 1.0 mm/s
Post-test speed 2.0 mm/s
Probe Plastic plunger(cylindrical type, 10 mm diameter)
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o,

A A o] wWE oF2 9 = W3l= Texture analyzer(TA-XT2, Stable Micro

System, England)E& ©]&3lo] <4 WS rupture test2 AU SH A=

i}

probe7} A3 A5 7FalZl & force(g) #o2 YERNIL BE SAH2 103] o4

N SAg% § FHEA R YEglon, S22 Table 87 2tk

(<

Table 8. Operation conditions of Texture analyzer

Specification Condition
Mode Measure force in compression
Distance format 50% strain
Pre-test speed 5.0 mm/s
Test speed 1.0 mm/s
Post-test speed 5.0 mm/s
Probe Plastic plunger(cylindrical type, 10 mm diameter)

17. Vitamin C &%

A& Alge] vitamin C $d2 HPLCH o= FA3Ah =, A& °F 10 g&
Fo]l dA 2ol 59%(w/v) metaphosphoric acidE 7}éle] A Lo A] Al&£3] FE3F 2
QAAEZ (2000 rpm x 10 min)d H A5 A4S 045 um membrane filter2 o] 33}
HPLC #AAERE ol&stdtt o w &A%z Table 9% #ow, tF o=

vitamin C¢] g ZFS A4

AN

o

axb ~100
C 3#(mg/100g) = S * AAAFZ () © 1000

S AT Bl 7 HERl Co 3FF(ug/mL)

a: ANgEHe] d&(mL)

b AH g el 545

18. el 3
A ok 5 ge 100 mLe] FA Fehsazel sha ok 50%(v/v) olEE §9 100
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Bz 2ESn F59
shich ol W w4z

(g
S: A
a: A3y
b AE

of meh 10% FAStGEFES AHEstol Fakeklth 3023t

= S THAATZE (g 1000

oA T3 g g F(mg/mL)

Table 9. HPLC operating conditions for the analysis of vitamin C

B
dlo

-,
op

>
o

Specification Conditions
Instrument JASCO HPLC system
Detector UV/VIS 254 nm

Oven temp.
Flow rate
Column

Mobile phase

40T

1.0 mL/min

Waters pBondapak Cis (3.9 mmx300 mm)
50 mM sodium phosphate : MeOH = 9 : 1

Table 10. HPLC operating conditions for the analysis of free sugar

Specification Conditions

Instrument JASCO HPLC system

Detector RI

Oven temp. 40C

Flow rate 1.0 mL/min

Column Carbohydrate Cartridge(4.6 mmx=250 mm)

Mobile phase

CHsCN : H:0 = 75 1 25
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19. %42 &

THNALEE AE A5 PPEEo| ¥4I US DB THS wl Ao F oA
A F A AR THFS W Fgoz A HAF FF Ui wEE= el
=3

20. At =3

Age AmsE A7 ZF HEguwa FUASHA AFH3F] blender(Oster 861-66L,
USA)Z T3t A5 50~100 mLE Hlo]#A o #H3t th3 pH meter(ORION 520A,
Orion Research Inc., USA)E o]&3le] 01 N NaOH(Yakuri pure chemical Co.,
Japan) &< o2 pH 827bA A A3t thg 2ol wel ALbkeksd

x_f x_0.009
AT (R A1) = W * 100
ViAuas 445=e 228 01 N NaOH 8¢ %(mL)

X 7R #eHse v A 3 9 AR Vs E gigte] xo] AW FE ol
A= 108 9] panels dAste] Ha 54, HA 1o oA 7|EEHEHos A3
3tk oluf #eHAL 5 s Erh(very good), 4 k7t EtH(good), 3 HEo|t}

(fair), 2 2F7F Y (poor), 1 thetd] Y™ (very poor)= 3t T}

7t A g dE BePAE THoR 79 Hdadel Kader 5™ o
wet FgAoR wAste] 9 HER PG, FHH JEEE 534S A
Avel @Aw Agetenh
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A3A At L g

1. Pediocin W& Ai7l& A%

7}. Pediocin A4t transformant 70

1) Pediocin A4} vector® construction

Pediococcus acidilatici M2] total DNAE template® 3}¢] designed primerE ©]
839 PCRS 4383 A7 132bpe] Z7]9 ZZ ¥ DNA fragmentE A% tHFig. 6).

ZZ9 DNA fragmentE AFEAE Hgdta, ng FH|stolE pGEX-4T-1¢}
ligationA] A E. coli BL21(DE3)°l| transformation*] Z t}. TransformantE OD 600=0.6
du] ImM IPTGE H7Fste] w3t i, E coli cell ol A pediocin® induction®]
5 total cell®] SDS-PAGES dsto] &<lstslth(Fig. 7). 123} o d¥ = ww
2 =Z7]1]91 30kDadl Al overexpression® A& &1& 4 9%t} o] Z7]+= Pediocin

S 4kDa? GST ©w4 26kDacl fusion®e] Wad® =72 o= At

£

Pediocin®] t#udl e #FE 229 7| E o] &3l cell] 9 proteing &3
GST-bind resing ©] &3} pediocint&% 2y - AAsHch AAE gazd
thrombin proteaseE A &|sle] GSTHEWHS Aodslz o5& SDS-PAGEE §3}¢

g2l th(Fig. 8).

244" GST fusioned pediocine o= A ¢F 30kDa Z7|YS 32l 1,
thrombin proteaseE #1283}l <13l A3} 35kDa A X9 thrombin protease band<}
26kDa2] GST ©wid el band”’} &% 2, 4kDa®] pediocin ©¥d & A7|7} 2
AR 2 A7 T2 = detectiondt’] FENOL, E AP A}z uFo E

ILH O]: 4kDa«] ﬂﬂi HLG:]E]N\% 7']Oi F% 6 }\ }\)\1\1:]'

il

¢

2) && pediocin frAA9 FH]

Pediocin A AE ped-GST up, ped-GSTfull rp primerE< ©]&3te] PCRE 43
3 A3 pedA, pedB, pedC, pedD2l ZL7]E 3k 3kb 7}#9| signale &s 4
o] tH(Fig. 9).
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1 & 3 bp

NEL
eR R aEEE

Fig. 6. Electrophoresis of pediocin PCR product.
lane 1 : amplified pediocin fragment, lane 2 : lamda DAN
digested with HindIIl, lane 3 : 50bp DNA ladder

Fig. 7. SDS-PAGE of total cell protein.
lane 1 : low range marker, 2 : cells of transfected
with pET-22b(+) vector, lane 3 : cultured cells after

induction
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1 2 3 4 5

97
66

45

!

L
RS

31 |

21
14

Fig. 8. SDS-PAGE of purification steps.
lane 1 @ low range marker, lane 2 : cells of
transfected with pET-22b(+) vector, lane 3 : cultured
cells after induction, lane 4 : GST-bind resin elution

fraction, lane 5 : treated with thrombin protease

M 1

ow » or:
N

P A oo

0.5

9. Pediocin PCR product.
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3 A=Y AR 5

Transformantel] construction® DNAE 27| 9]3t4 colony PCRE a8ttt 1
Ay 35kbe] pediocinfr &S} 2 A7]9] signalE 7FX colonyE  F St 9]
colony2%-H plasmidE =3t £ ¥ plasmidi= EcoRISZ digestiondste] L
715 vAl 9 ghlek il th(Fig. 10).

4) A= pediocing] AA L FHFA

overexpression host®l E. coli BL21(DE3)7} AAF3t+= GST-fusioned pediocing
GST-bind resin® 2 #73Fo] GST-fusioned pediocin® GST7} Hw¥ pediocing
g2]S indicator strain®® FE. feacalisE ©|-&3te] =43 A} GST-fusioned
pediocine A4S YEehNA gtor}t GST7F AekE pediocin®l A+ clear zones &
olgr 4= 9lo] pediocin® FAAE AT 4 AT E coli BL21(DE3)S 2 & 2 of A
273 1514 53] AvivldstAA paper disk oz A4S FAH 53 A o]Fol=
A ow Aol FAES Flstdrt. AA Fel g pediocin® =%, pH, 7|8

S RER-ZERE L

5 &L ¥ vectory construction L T

(7}) Construction of pUCFP23

Venema et al.ol WZ2™ pedA2] 352bp upstreamo] X8t 9+ Sal I-EcoR V
DNA fragmentZ deletion A1Z S w] P. pentosaceusol| 41 ¢ pediocin A4to] A3 5
A Fevhar B3k th Coderre et al.®] R ilol A= oFrlE o] upstream region©]
control elementd Ao = AAAAAT E colivh T2 wFolA HAA= & ok
regione old Z o2 YEeT olglst A AIEE Hol pedA upstream region<
pediocing AAlslE wild typed] TFFolA 723 promoterst 2o J&dS = Ao
2 AAXH & #FFdAE I host celldl %= promoter’t £41& wf o] regione
2 5 o2 dugEnt weka o AFeAE A WMARZ pedA 352bp
upstreamol] Y Xtz A= Sal I-EcoR V DNA fragmentE pUCI199] insertion*| #
E colidlde 1 a8 §3F2 A Fed] X E coli-LAB shuttle vector?l pCW4
o =3ste] L mesenteroideso| A9 WHaS F2d Bz st dvkstd pCW4
vectoroll = 78 3k promoter region©] §17] wliEo|t} 1 A3} pUCFP23°] 2= vector
= constructiond}At} (Fig. 11).

o] =

[3E ¢

>i

A=
o=
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Fig. 10. colony PCR.

o] vectori= PCRZ A &<l AL AR Aoz o] w AFE3F ped-srp-12 pedAQl
3" regionol AH A primerE A|Zete] ARg3E Aoz 12kbe PCR product’} vrew
Aol Ao ey ojd 4= At} pUCFP23S E. coli DHbaoll transformationste] o]
A colonyES agar well diffusion method® pediocin activityS &ol¥ A3} pediocin M
o] w4 GRS ¢ T AT olelgk A= pUCL9 vectoroll olw] EAjstar d
E. coliol A ©]&7Fs 3% promoter (lacZ promoter)2} LABOA] promoter® 2H-8
AR = pedA2] upstream region®] 7 EASHAl o] lacZe] promoter EAJo] "ozl
RAog F2Z2HoFY, & gEAE olEd olF promotered] AEAEow Qs
promoter 4 A 3}2 pediocin M2 @& o] AA]H Ao olyz} A4Ustarxt M insertion
DNAZF 9wgko 22 pUCI9eY ligation¥]o] E917F J& A5+E5 A2bs] & 5 Aok olygh

8% How
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74 9-o+= lacZ promoter2+5-E HA}EE pediocin gene®] Hgko] ditfo]r] uwjito] @]
el ko] = 4 gk ol g o> A5 DNA sequencing= ‘&3l Elaf = o

=

koo M1 2 3 4

<+ 1.2b

Fig. 11. Confirmation of recombinant DNA: pUCFP23.
Lane M, & DNA digested with Hind III; lane 1, 4.4kb insert
DNA (PCR product); lane 2, pUC19 digested with BamH I; lane
3, pUCFP23 degested with BamH I, lane 4, 1.2kb PCR product

for transformant detection.

(1) Construction of pUCPM5

pUCFP23d & 5 712 ©]F promoter’} &4 EAjgtozn 1 Aol "Wolxth
= JFASk F WHAIE pedA® upstream regionS EIFAT|A] &S WA pediocin
gene"HE  cloningdl ¥ th. =, signal peptideg ¢edtelil Qe HES
premature pedA°l A HE pedD7tA 2 DNA regione PCRZ FZA7F pUC199
insertions}th. I A3 pUCPMbE constructiondt A thH(Fig. 12). ©] plasmidol| &=

lacZ promoterto] E£A5te] ©]F promoter?] FFS WA ¢y TAL FET F 3l

E 3

o] premature form9] pediocin M°¢] T &3 pedDZ5-E premature form pediocin
S active pediocin M2 E processingdl= proteine] @& ¥ o] pediocin activity 7}

ded Aoz dgsar.
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Fig. 12. Confirmation of recombinant DNA: pUCPMBb.
A, restriction enzyme treatment. Lane M, L DNA digested with
Hind III; lane 1, pUC19 digested with BamH I, lane 2, premature
pedA~pedD PCR product; lane 3, pUCPMb5 digested with BamH 1.
B, PCR amplification using ped-pMB-up and ped-hrp-3 primer set.
Lane 1, P. acidilactici; lane 2, pUCPM5 as a PCR template.
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23y pUCPM5 ®8 pUCFP237 wh37bA] & pediocin activity7b WERUA] ek gk
o} ol# 3 #AAS Coderre et al.2] HuoM= Hojxa & AR of7]o] o] x4
o2 repA = replicon® p2201¢]2ti= promoterE pedA upstream region®ll
insertion*| A< wol= E. coli DH5aoll A pediocin activityS WEFATti B 3183
T Bukhtiyarova et al.ol wW=ZW promoterE 7}A ] %S FE. coli-Bacillus subtilis
shuttle vector®] pediocin gene®! papA papDE AL ASw E coli JMI1099 A=
pediocin activity7} &A1= Aoz YERY Qlth oleldt AyER mFo] Hol
promoter®] &4 %7} Z pediocin & FF9 A #AHo] g AL oy

<
& AT

rlo
o

(t}) Construction of pCWPM30

o] #Fo2FEH HEHo AFHAX L & B2 Small cryptic plasmidE©]
th o]5& AA size’} Z L repliconS 7FA a1 7] wiiEol Food-grade vectorE Wt
&g @ol o]&Xojx a1 2t} Biet F. et al.9] =& AHHRW L mesenteroides
subsp. Mesenteroides Y1102 2H8 pTXL1el&+= ¢F 2.7kb9 cryptic plasmidE +
#)3}le]  replication®] Z 23 FHATe] DNA region?l replicon®] erythromycin
resistance gene< insertion?] 7] Food-grade vector® development A|Zth. ©] =&l
A% bacteriocin class I 43}= mesentericin ' Y1052] DNAZE 7l#3 vectorol
insertiond}] Leuconostoc sp. (non bacteriocin activity) 2B mesentericin Y1052]
s BT agRE oWl AFte] HQad vector® THIRHOEE L
|11
promoter 18] il selection marker’} € L23+S & = ot A3 APPSR FA
SRy A wgEyE AFAZHRE pCW4et pCW5H vectorE Al 3Hkekth. pCW4
vectorol = pC7, Em', ColEl, MCS (mlutiple cloning site)”} &3t pCW5 vector
ol = pCW4 vector® T+A<¢el| P32 promoter®t GFP (green fluorescent protein)”}
FrH o2 AYdEolqle]l] LAB-E. coli shuttle vector®2 AFE& 4 2t} pCWbhe
P32 promoterg ©o]&staz & w AFESETk. 7| pC7  Lactobacillus
paraplantarum C72. 22X € E2#¥ < 2.1kb9 small cryptic plasmid® 912 pTXL1
I ZE Ve s IS & vk oW Aol A= WA dxH o m pCW4ol 135bpe]
mature pediocin geneg AU 3te]l pCWPM309] 2} vectorZ constructiond} ) tH(Fig.
13A). PCRZ 2147 o499 1.1kb] band”t YEFSTHFig. 13B).

-

O

mesenteroideso| Al replication”}5 3+ replicon® pediocin M¢ =&

¢

ol
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kop M 1 2 3

Ll < 1.1kbp

Fig. 13. Confirmation of recombinant DNA: pCWPM30.
A, restriction enzyme treatment. Lane M, & DNA digested with
Hind 1II; lane 1, pCW4 digested with BamH I, lane 2,
premature pedA pedD PCR product; lane 3, pCWPM30
digested with Sac 1. B, PCR amplification using ped-pMB-up
and ped-Crp-1 primer set. Lane 1, P. acidilactici; lane 2,
pCWPM30 as a PCR template.
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o] u] A}E3 ped-Crp-1E pedC® 3 region®] AR 2l primerz A 2Hg A ojt}. o]
vectorZ E. coli DH5a°l transformation*] 7 pediocin activity S testdl] ¥ A3} oA+
A AAYH SAHoz et (Fig. 14). ukshd pCWPM30] £ promoter”t $17]
= Aoz da pCWhHAIIAFE P32E PCRZ FEA|A pCWPM309] insertiond}
= Ade FPFoltt. pCW5HY P32 promoterel] €3] @& x4 == GFPS m3k7EA
2 premature pediocin® 1 ¢ Q3 proteingo] TAgle] THEO] pediocin
activity 7} Yebv A Ao = o et

Fig. 14. Antimicrobial activities of E. coli DHb5a containing pCWPM30
transformant. 1, P. acidilactici supernatant; 2, E. coli DH5a harboring
pCWPM30 supernatant.

Y. Pediocin®] 3 tiFui g &4
Pediocin A, pediocin PA-1, pediocin AcH, pediocin SJ-1, pediocin NO5P <&
Pediococcus spp.7t ABAFeh= thFdk pediocin®] AAF Bi7b 1oy Pediococcus spp.
of o)st AHAA pediocin®] AAitel #gh W= Ao e AAoITh gk AFEILe]
s AR bRk 23o] o]zl Ao diF-Eelth. Bacteriocin® A4t
A 7} Aol o] lojuf WE=A] AKEET} bactericon] A §HAd =t
A AL opdeka A A vk HA Al obd pH e AS2E7F 23]Y
= Bk vk 2 dtellA= pH, vhFd A4, 31 vtadlE

A XS] Pediococcus acidilactici M| # 4 pediocin AArZ2AS T3}

Ho
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1) MRS s A o] A4 ] wjdzz

Pedoicoccus acidilactici M 91 F9] native pedicin®] A4tx7d H A= s o
Wk o2 LABO widel 714 da AFE-E3 = MRS brothol A4 wjFst A3} )¢
A ZF 12417kl A 1,020AU/mLe] 7F4 =& pediocin @45 YEFAATHFig. 15).
Tween 80 bacteriocin®] BEFAAS FHete T34E 7FAAN 28 AN A= &
glot AAE oA Fon & A vk Tween 80& H7MetA & TF-mMRS
brotholl A 2] wjeF A3} Fig. 169149 o] ujd 27A17FE 390AU/mL<e] pediocin
activityZ U ERH o] MRS brothol| A o] vioko] vlal ok 1/34 %= Aibeko] 7439t}

AR, EmMEF 2 stirred celll A9 WY S wlgWHel wE  pediocin
activity®} Pedoicoccus acidilactici M2 A4F=Fe] vl w sl Az} 2 eujde Fig. 179
et 7ol wjd 15A17+F 810AU/mL9] pediocin A& yERd wbH| Fig. 1894 2}
o] AR ujde wdF 12A47+% 1,066AU/mLY pediocin activityS WEFH o] 2 &)
GHrE AAugo] Bk AHEe Ao = YElyth Stirred cell Wl ol A= vl ek 12
Al ZEZE 1,050AU/mL=2 A X u kol ®]8] pediocin activity:= A2 zFo]E Ho|x| &k
ou AsEHEE va mE o2 yedt(Fig. 19).

gl EAFAH O F bacteriocin®] AAMEO] JHF 2 9EgS m A= AoR 4¥ R pH
9] gaks Yoty #3e] %7] pHE Ygdle] AS7]7+5 native pediocin® AJAF
Fe 54 A3 x7] pH 547t 7] AFEEE Ua =gy Aot =
LO66AU/mL old o= 74 3 Aoz yebuth(Fig. 20~22).

Airhdo R A= Yeast extracts: HAPOo= dto] wjger A5 vl 15AZHF
1,086AU/mL®] pediocin activity® el 7P =S A4S HERNSH
Tryptone vl 184175 620AU/mL-S, Peptone< w9 15A17+% 886AU/mL<S, L
2] 31 Meat extracti= W% 15/\]7J6 933AU/mLS WERH A TH(Fig. 23~25).

MgSO49F MnSO0,9] d&S HES A3 MgSO, 0.015% FXZolA ek 1547+
1,200AU/mL<(Fig.  26), :/_FJ,T’_ MnSOs  0.020% &% ]/\1 ek 15417
1,220AU/mL(Fig. 27)& 7}& =2 pediocin activityE WEF ST

o

?-2
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Fig. 15. Production of pediocin during growth of Pediococcus acidilactici M in

MRS broth.
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Fig. 16. Production of pediocin during growth of Pediococcus acidilactici M in

Tween 80 free MRS(TF-mMRS) broth.
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Fig. 17. Production of pediocin during growth of Pediococcus acidilactici M in

MRS broth by shaking incubation.
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Fig. 18. Production of pediocin during growth of Pediococcus acidilactici M in

MRS broth by standing culture.
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Fig. 19. Production of pediocin during growth of Pediococcus acidilactici M in

MRS broth by stirred cell culture.

0O.D(at 660nm)

Culture time(hr)

Fig. 20. Production of pediocin during growth of Pediococcus acidilactici M in

MRS broth with various initial pH.
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Culture time(hr)

Fig. 21. Changes in pH during growth of Pediococcus acidilacticic M in MRS

broth with various initial pH.
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Fig. 22. Changes in pediocin activity during growth of Pediococcus acidilactici M

in MRS broth with various initial pH.

4,'76 —



3.0

2.5 —@— Peptone
—O— Tryptone
—w— Meat extract
—— Yeast extract
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0O.D (at 660nm)
&
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Culture time(hr)

Fig. 23. Changes in OD of MRS broth during growth of Pediococcus acidilactici

M in MRS broth with various nitrogen sources.
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Fig. 24. Changes in pH of MRS broth during growth of Pediococcus acidilactici

M in MRS broth with various nitrogen sources.
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Fig. 25. Changes in pediocin acitivity of MRS broth during growth of Pediococcus

acidilacticc M in MRS broth with various nitrogen sources.

1400
— 0.01%
1200 1| = 0.02% _ M
B 0.04%
- J 1 0.06%
E 100 N 0.10% B
o}
s —
= 800
=
g -
S 600
S
ksl
8 400 |
o
200
0 , - L L -
9 12 15

Culture time(hr)

Fig. 26. The effect of MgSO,4 on the production of pediocin.
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Fig. 27. The effect of MnSO, on the production of pediocin.

2) pediocin 33 w%zA &Y

439 nisin®] wheys 7]HFe 2 3li= A& F3] ALto] Hlu U= HI whey
7b Aabgto] wide] E&AelgtE 71E AT AWE wEoR o] 2 pediosin?]
kel el A% wheys 7IWto = ate HA kiR o} wig 21S HESATH

whey s TAste @i, AW 9 gtade] 2t 58S FFA717] 98 HCIS

o] &3t wheyE AHEaAZl ZA3Z Table 110149 2t Wheyd =2 7tz

10%, 20% % 30%= star olu 7k #HF pHE 22F 45 40 2 352 FA 31
121Coll A 1583 71d7FEsts o] & wWzhsta 8,000rpmol Al YA FE2lsle] B84 9]
cluster® EHAASTST Zzbo] xuhwlz ek whwlg stk 3R S A T

2 10% whey”7} 6~8%, 20% whey7} 15~17%, 30% whey7} 25~27% FT°] 32
exose?| ¥ pH7F W& 5 uAAdow ko] #AAadd=d ol 7Hhel

oft dgtow Qs dFol Hass Aor FAEAN

i
=
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Table 11. Component of acidified whey according to whey concentration and

acidifying pH

Acidifying condition Content(%)

%%n%?}rllg]a(l%))n Félﬁfll pcrlgggi% Protein Crude ash Res?llé%i?g Hexose
10 4.5 0.65 0.43 1.03 6.55 5.62
10 4.0 0.77 0.49 1.13 6.96 4.64
10 3.5 0.94 0.71 1.20 8.31 1.58
20 45 1.28 1.15 1.81 17.88 3.33
20 4.0 1.31 1.26 1.98 15.78 541
20 3.5 1.42 1.12 2.17 15.63 5.71
30 4.5 1.80 1.66 2.71 26.69 2.21
30 4.0 1.82 1.72 2.86 2752 6.00
30 3.5 1.79 1.65 3.18 25.32 2.66

7}) whey 2 4o e ASdA=E

Wheyel =& A9 HFeEz2 22 02%, 0.0% 2 10%= stx P. acidilactici
M seed culture ImL(v/v)E H&E5te] w3t A3+= Fig. 287 29| wheyws A&
W& A% P. acidilactici M4 5ol Age &85 AatA KXok Aoz e
t}. Fig. 299149} o] Wheye 5%2& WA 9 HFsE=z2 247 02%, 0.0% 2 10%
2 31 Tryptones Z+7ZF 1%, 2% 2 3% = HA7F3E A$-ol= wheyetg A3 A4
of Bl F2jo] FAEAoY txTed MRS HlE s AAF AE BATh Yeast
extract® ZH7} 1%, 2% 2 3%= H7bek A% wheywS AHEE Ao Ha &
2ol g E ok (Fig. 30) tlE&7<9 MRSl vldlAe= @A as HAAW
Tryptones #7138 v A]o] B3|+ Yeast extract 3%} 2%2] wheyS %713 vl A
7F A er £& 242 BAr} Beef extract 2 Peptoneg ZHZF 1%, 2% 2 3%
= AN AFed=: ARtHorE UMl S$71E 5 S FAEE Ao o

Bk o1} Yeast extractoll H]siA = S &7 @& Aoz e T(Fig. 31~36).
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Fig. 28. Growth of P. acidilactici M in medium containing different concentration

of whey during incubation at 37C.

2.5

O.D. at 660nm

Incubation time(hr)

Fig. 29. Growth of P. acidilactici in medium containing different concentration of

whey and tryptone during incubation at 37TC.
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Fig. 30. Growth of P. acidilactici in medium containing different concentration of

whey and yeast extract during incubation at 37T.
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Fig. 31. Growth of P. acidilactici in medium containing different concentration of

whey and beef extract during incubation at 37C.
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Fig. 32. Growth of P. acidilactici in medium containing 2% whey and different

concentration of peptone during incubation at 37C.
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Fig. 33. Growth of P. acidilactici in medium containing 4% whey and different

concentration of peptone during incubation at 37C.
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Fig. 34. Growth of P. acidilactici in medium containing 6% whey and different

concentration of peptone during incubation at 37C.
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Fig. 35. Growth of P. acidilactici in medium containing 6% peptone and different

concentration of whey during incubation at 37C.
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Fig. 36. Growth of P. acidilactici in medium containing 4% whey and different

concentration of peptone during incubation at 37C.

) Yeast extract s W& ASdE

Yeast extracte] TEZ 1%, 2%, 3%, 4%, 5%, = 6%%E Z7}A 7'M A whey 2%,
4% 2 6% A P. acidilactici M9 A&5EHEE dole A= Fig. 37~40% Zth
wheye] 557} Z7}8 =2 Yeast extractd Fxo] wil Z2l&xo thiol )
Hol7l= e wheyel FEHUE Yeast extract®] H7F ZF7bol wpel 4
7 A4 JFS = Aoz VeSO Fig. o419 #Zo] Yeast extract®] ¥EE
6%= 1143sta whey TEE 2%, 4% % 6%= @Elste] H7hgh Ao A ] wlek

o= H7bsE Ao & FAEE=ATE A9 gle Aoz YETh
t}) Glucose A7l WE ASodE

Wheyoll = lactose”7} F ®Aago= 283 7hsido] A8 2 BAUS 2 glucose 3

AAst7] Y38kl glucosed H7MFS 77t 1%, 2% % 3% =2 S7FstHA A S
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Yeast extract® Y HAYo=w o] glucosed 7S EEgt 4§ yeast
extractE H7F8HAl &2 A¢E A9t 1% 2% 2 3% H7b mE FAEE
9 Z7tE AY Qe Aoz veiytth webA glucoseE 1%E LA B Yeast
extract®] F=F 1~-6%= T7tsto] WS AAT A3 2 37}
2% H7beF 5% B 6% FH7brel M= FElgE A5 dEilouw 3% R 4%9F ol&
o A= 719 fle Aeow ATGHAT

o
N
—
R

g

Z}) Peptone ¥ glucose F 719 @& AS3d

AArdog Gl Yeast extractel ol peptones 1%, 2%, 3%, 4%, 5% 2 6% =
77y A7hES A ASHHLS Peptones @Y FAYoz 3 Aol HlE Yeast
extract 3%} Peptone 3% 2 glucose 1% 713k v x| ol A 2] A5-o] Peptone 6%
2} 1%9] glucoseES FH7Fgk wR|o nHl&] AEo] Y5359 ™ Yeast extract 3%}t
Peptone 3% % glucose 1%5 713k v x|o| A 2] A& HT= Yeast extractE © Y 9
AardoR 53 1%9 glucoseE BFAYo R H7Me A$7F B F35d A5S
Bt A th(Fig. 48). GlucoseE 2%E Z7tsto] Ald@3k 43 (Fig. 49 A% o] ¢t FAF
3t A3E vrebo] Peptone 6% 9 29%9] glucoseE 713k vl H.thE= Yeast extract
6% 1%9] glucoseE A 7}3t vlAo| Ao AFo] W} U353 TE GlucoseES 3% =
7 et Alge AR (Fig. 50X %= o9 #4135 AFRE yeEdo HAAhgoz
Peptone®] F&F2 79 gle Aoz AdHAY
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Fig. 37. Growth of P. acidilactici in medium containing 2% whey and different

concentration of yeast extract during incubation at 37C.
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Fig. 38. Growth of P. acidilactici in medium containing 4% whey and different

concentration of yeast extract during incubation at 37TC.
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Fig. 39. Growth of P. acidilactici in medium containing 6% whey and different

concentration of yeast extract during incubation at 37C.
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Fig. 40. Growth of P. acidilactici in medium containing 6% yeast extract and

different concentration of whey during incubation at 37TC.
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Fig. 41. Growth of P. acidilactici in medium containing 0% yeast extract and

different concentration of glucose during incubation at 37C.
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Fig. 42. Growth of P. acidilactici in medium containing 1% yeast extract and

different concentration of glucose during incubation at 37C.
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Fig. 43. Growth of P. acidilactici in medium containing 2% yeast extract and

different concentration of glucose during incubation at 37C.
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Fig. 44. Growth of P. acidilactici in medium containing 3% yeast extract and

different concentration of glucose during incubation at 37TC.
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Fig. 45. Growth of P. acidilactici in medium containing 4% yeast extract and

different concentration of glucose during incubation at 37C.
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Fig. 46. Growth of P. acidilactici in medium containing 5% yeast extract and

different concentration of glucose during incubation at 37C.
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Fig. 47. Growth of P. acidilactici in medium containing 1% glucose and different

concentration of yeast extract during incubation at 37C.
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Fig. 48. Growth of P. acidilactici in medium containing different concentration of

nirtogen sources(yeast extract and peptone) and 1% glucose during

incubation at 37C.
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Fig. 49. Growth of P. acidilactici in medium containing different concentration of

nirtogen sources(yeast extract and peptone) and 2% glucose during

incubation at 37C.
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Fig. 50. Growth of P. acidilactici in medium containing different concentration of
nirtogen sources(yeast extract and peptone) and 3% glucose during

incubation at 37C.
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38 Yeast extract 6%°l 1% glucoseE F7}sF wlA], 3% Yeast extract®} 3%
Peptone 2 1% glucoseES 7713k #iA], 1% Peptone®t 1% glucoseE 3 7Fsk v x| o
5 543 A7 Yeast extract 6%l 1% glucoses #7}gt w7} 74

s
SEE Y= Aoz YEsEt

) AaY 23 wE ASAd™

Yeast extractE 3% % A3 Tryptone % Beef extract® 22t 1%, 2% 2 3%
2 H7FS wjAel e AsEEE A A 3% Yeast extractoll Beef extractE
H7beE viA BRok= Tryptones F7HgE B-%7F ddiAow A5&HE7E doson
3% Tryptones FH7Fe wjA7} 7b -tk -]l MRSel HlsiM = tha v
S AEEEE UJEhHA S 6% Yeast extract¥hHS H7FgE v Ao vl s 438

A tH(Fig. 51~54).

Hl) Seed cultured] HFFol @& A53d

Polysorbate-free MRSOIA 12A17F w3t P. acidilactici M= seed culture® &} ¢
Az 2 ASYES FES A= Fig 559 2tk JEZFo) 2 Ay Al
Agaido] vyt ow 4% 2 5% fJFo] 7MY e AsHdES Bk ol A

e vgr oz sto] FHF A<l pediocin A4FHE wlAe] AL 2% whey, 3% yeast

ol

extract, 1% glucose ¥ 3% Tryptone®. & ZA3tch AA3 HA wjx|o] Ao A
=, pH 2 A4S 543 A3 (Fig. 56), v &AItel ©WE OD#t> MRS H A %ol A
o Aol Ha] tha vtoy &4 2387 Hol 1,700AU/mLE MRS HiA] A5 A]
°] 1,000AU/mLel ®]3 1.7 7} & &S el

t}. Pediocin® L& & WFRA 7= ML

Pediocin®] 545 €83 F2-2FHS o] 835t pediocin® WFPANS HESA
t}. pediocing &2-eF2HH 3} semi-preparative HPLCS E3}e] Z83] AA7} 7153
o (Fig 57~59), &&-g&g o]&d A9 AAEE= g o R2HE semi-preparative
HPLC AAAZFA] oF 34607} S7FtR o™ &2 24.1% TTo|AtHTable 12). o]+ #

59 A3 4% SO MaAE e S0 Nieto 59 A3t 10%0] majE we 5

oA
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Fig. 51. Growth of P. acidilactici in medium containing different concentration of
nitrogen sources(yeast extract and peptone) and glucose during

incubation at 37C.
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Fig. 52. Growth of P. acidilactici in medium containing different concentration of
nitrogen sources(yeast extract, peptone and beef extract) during incubation

at 37°C.
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Fig. 53. Growth of P. acidilactici in medium containing different concentration of

nitrogen sources(yeast extract and tryptone) during incubation at 37TC.
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Fig. 54. Growth of P. acidilactici in medium containing different concentration of
nitrogen sources(yeast extract and beef extract) during incubation at 3

7C.
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Fig. 55. Growth of P. acidilactici in medium by inoculation volume of seed culture

during incubation at 37C.
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Fig. 56. Growth of P. acidilactici, pH and activity in medium MRS and WYG
medium during incubation at 37C.
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Fig. 57. RP-HPLC separation of pediocin from pH 2 extract. Individual fraction

was assayed for pediocin activity. Activity was detected only
"pediocin” merked fraction.
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Fig. 58. Semi—preparative RP-HPLC separation of pediocin from pH 2 extract.

Gradient conditions were the same as described in Table 4.
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Fig. 59. Semi-preparative RP-HPLC separation of pediocin from pH 2 extract.

Gradient conditions were the same as described in Table 4.

Table 12. Summary of pediocin purification

Step Culture pH 2 extract chrogilltli)r;rnaphy frac}tiilgﬁon
volume (mlL) 1,300 40 60 4.3
Protein (mg/mL) 2.75 0.51 0.27 0.148
Activity (AU/mL) 996 30,420 20,100 100,380
Total activity (AU) 1,792,300 1,215,800 1,206,000 431,634
Specific acitivity (AU/mg) 362 59,600 74,440 678,243
Yield (%) 100 67.8 67.2 24.1
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3l “pediocin” & FEAIE peak?] pediocin activityE =<l A3} Fig. 603 o] =
sl S FATd F A2 Triceine SDS-PAGE(Fig. 61)olA % ©d 2] bandEs &

Specific  activity®  W%F  362AU/mgolA  semi-preparative HPLC  A#A|%
300,380AU/mg o2 S71steE AL R YERRT

Amerlite XAD 6 resione pH 2 extract® dialysis o] d @A g3 2% AAH
= Aoz Yeuth AAEE A4S Hol wgdozy
B AHAH o2 Amberlite %o &
Ao ZHE Amberlite XAD 6 G4 S
218 Amberlite XAD 69] H[5o]2Ql F& o= 23] 23y AA &

= Alr Yy AAles FEe 318 Asrl7le Aoz adE .

A GA=E FEAMNE

WheyE 7Ito 2 & di@FgAd Mg flste] FE9A4E a9 ks S
A= Table 133 29tk 5247235 A 89 FAE 864mg/LolQon, olw] vl
e 9.68mg/Loldth. FEGAE total activity® FFF 1,071,480AURA °F 78%
AErb gEE Aoz Yelskth(Table 14). $2320S AR ES 7] 98kl pHS &
A 7bol] whE ZHF activity® A ¢ A3 (Table 15), pH 6.0, 3039 F2zx71¢] 7}
¥ Ao daEdoen ou %7 1,371AU/mL o4 A9 oF 95%7F &
g rlo] 5% HAX9 loss7t HAEE Ao Z UEGT

Fig. 60. Bioassay plate showing the bactericidal activity.
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14,200
6,500

3,496

Fig. 61. Tricine SDS-PAGE analysis of extracted and purified pediocin.
lane 1 : molecular weight marker, lane 2 : extracted crude pediocin, lane 3

: pediocin purified by RP-HPLC.

Table 13. BCA protein assay in each extraction steps

Protein assay

Extraction step1>
Volume/weight contents(ug/mL)?  total protein(mg)

1st 500mL 17850.0 8925
2nd 50mL 163.9 8.19
3rd 432mg 112.0 4.84

U 1st step : after cultured broth, 500mL, 2nd step : ater adsorption and desorption,
100mM NaCl 50mL, 3rd step : after freeze drying.
? BCA assay, Protein standard solution; BSA, O.D. at 562nm.
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Table 14. Total activity in each extract steps

Extration stepl)

1st 2nd 3rd

Activity(AU/mL) 1,371.84 25,1224 1,071,480

D 1st step : after cultured broth, 500mL, 2nd step : ater adsorption and desorption,
100mM NaCl 50mL, 3rd step : after freeze drying.

Table 15. Antimicrobial activity in culture broth after adsorption by adsorption

conditions
Adsorption Antimicrobial activity(AU/mL)
conditions 10min  20min  30min  40min  50min 60 min
pH 55 1,371 1028 514 684 684 684
pH 6.0 1,371 514 64 64 64 64
pH 65 1,371 684 295 205 280 256
pH 7.0 1,371 914 800 684 684 684
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2. B 7} 24 F90] 9] pediocin J-&7]& /2

7}, Pediocin® #Z2 €3 € B9A4 vAEE J7 2 A58

Harty AT, AT, GEgd i 484 AEE S5kl Lactobacillus
spp., Psedomonas spp. &9 #2 L3 wAAEYN Salmonella sp., E. coli., Listeria
monocytogenss 2 HYA v EA 3] pediocin® A5 S HES 23} speciesol

WE Selge Ul shgot diE e 354 Uitk Table 16),

Y. H427hE AAFA A F&o1e AL

1) o]8sd EA4o| W& pediocin® FTEA

gk pediocin®] H]7FE A FA o] AL HAEE 918 protease, n-amylase,
endoprotease Asp-N, pepsin, lipase, lyozyme, catalase & 959 @Az E AA 3
A PR protease AE9 enzymeo] digestion®H = Aoz e} TH Table 17).
e 30~90Cel Ao 3%k, zElar 121TCAA e 1683ke] dA e AF} 121CelA 9
158719 Ao Aut WAlo] BAIsle] pediocin activitys A2 stE Ao 2 e
TH(Table 18). 3+ pH W 7F ©+& bufferol A9 pediocin acitivity &% Z 3o A=
pH 3~90 9 gF&AES FA 359t (Table 19). Pediocine tH#9] protease A=
9] enzyme A glo] 3] &FAlo] AAEE AowE YEFE oY a-amylase®t lipase &
o Ao e JEAS B4 &= Aow Yty 938 s 30~-90TCe XM= &
de frAske HAvby oAl dAget Ba At vhest Adow ddEdn
w5k pHel 93 3= pH 3~9 WA= S %ol FaFo] Ao Hdukxow

o] £AHAE ol TR pH BN Ago] 5 Aoz BuHUh
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Table 16. Antimicrobial activity of extracted pediocin

Bacterial species

Results

Bacterial species

Results

Lactococcus diacetylactis
Lactobacillius acidophilus
Lactobacillius amylophilus
Lactobacillus brevis
Lactobacillus confsus
Lactobacillus plantarum
Lactobacillus reuteri
Lactobacillus sake
Lactobacillus bulgaricus
Lactobacillus casei
Lactobacillus delbrueckii
Lactobacillus fermentum
Lactobacillus gasseri
Lactobacillus helveticus
Lactobacillus pentosus
Pediococcus pentosaceus
Pediococcus acidilactici

Pediococcus cerevisiae

+

+

Pediococcus halophilus
Leuconostoc mesenteroides
L. paramesenteroides
Leuconostoc dextranisum
Propionibacterium freudenreichii
Bacillus cereus

Bacillus coagulans
Micrococcus luteus
Enterococcus faecalis
FEnterococcus faecium
Pseudomonas fluorescens
Escherichia coli
Clostridium perfringens
Listeria monocytogenes
Staphylococcus aureus
Aeromonas hydrophila

Salmonella typhimurium

+

+

+

Table 17. Residual pediocin activity after various enzyme treatments

Enzyme

Result

Protease K

Trypsin
Endoprotease Asp—N
Pepsin

Lipase

n—-amylase
Lysozyme

Catalase

RNase
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Table 18. Thermal stability of extracted pediocin

Temperature(C) Result
37 +
50 +
60 +
70 +
30 +
90 +
121 -

Table 19. Stability of extracted pediocin on pH

pH Result

+

+

Ne) (0] BN (@)} a1 ~ w
+
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2) pediocin @EA o & FF 54 ¥}

A A EZHAF bacteriocin A5 9] pediocin ¥ nisin, ¥ 3l APEoz
31 Q-+ polypeptide AlE2 polylysine?] ©@= 2o o3k IA]F hurdleZA4 2] &
s AdE HES Rux AY=g ARg Abg o] B2 9, Pl A, A
Qoo W wAE Ui A5 As) a5 HES A= o9 Fig. 62~77
. G A $-ol & polylysine 25ppm ©]/de] FHIbol A A ASAAE
e 4 AANSY pediocin ¥ nisin®] A-Fol= HI7bsEo wE g 3rF mwEHA
U 5 dEh A okt Abakel e o] Aol = polylysine, nisin SOl A A <
AR dAY AFAA a9E Ao pediocin®] - 23518 ofite] AS=
23 E HHF o] pediocin FEEQ o] ot AoE FAGHAT A H S

AATIHE et ey 2ole A-9ol= polylysine©]
7} 3 A 23S YEl A2 pediocin 2 nisin® €A 3 oA g3E VA=

Ao g FkE ). o] e Ay unFojE uw HwrAH o Z polylysine©] pediocin®] Yk
nisin® o} -3 a3%5 el E RS polypeptide #Al%52] Edo] tiA v E U
3 vEolF AdAEHE 7FAE ¥bH pediocin®| Y} nisin 59 bacteriocine A H]
Ao o3l & 7FH S 2 total microfloraE tldo2 & 2 AFoA &= A

b

J
oR FHF JARNE HolX ®F o BuHEh

o

o
i
22
)

7

Lo

o += polylysine%ro] 2l3dk

o

12 J1m 19
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Fig. 62. Growth inhibitory effect of pediocin against microorganisms from carrot at

30C.
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Fig. 63. Growth inhibitory effect of polylysine against microorganisms from carrot

at 30C.
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Fig. 64. Growth inhibitory effect of nisin against microorganisms from carrot at 30C.

14
— - Untreated —l— Pediocin 250pm
12 + —O—Pediocin B0ppm —4€— Pediocin 750pm
= —— Pediocin 100ppm —&— Pediocin 1250pm
S 10 | —%—Pediocin 250ppm
(o]
© 08
©
— 06 [
(@)
Oo4 |
02 r
0.0

0 2 4 6 8 10 12
Incubation time(hr)

Fig. 65. Growth inhibitory effect of pediocin against microorganisms from apple at

30TC.
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Fig. 66. Growth inhibitory effect of polylysine against microorganisms from apple

at 30C.
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Fig. 67. Growth inhibitory effect of nisin against microorganisms from apple at 30C.
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Fig. 68. Growth inhibitory effect of pediocin against microorganisms from cabbage

at 30C.
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Fig. 69. Growth inhibitory effect of polylysine against microorganisms from

cabbage at 30TC.
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Fig. 70. Growth inhibitory effect of nisin against microorganisms from cabbage at

30°TC.
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Fig. 71. Growth inhibitory effect of pediocin against microorganisms from lettuce

at 30C.
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Fig. 72. Growth inhibitory effect of polylysine against microorganisms from lettuce

at 30C.
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Fig. 73. Growth inhibitory effect of nisin against microorganisms from lettuce at 30C.
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Fig. 74. Growth inhibitory effect of pediocin against microorganisms from

cucumber at 30C.

10
—— Untreated
0s | —&—Polylysine 25ppm
| —O—Polylysine 50ppm

E —o—Polylysine 75ppm
§ 06 [ —~—Polylysine 100ppm
P —A&— Polylysine 125ppm
] —X— Polylysine 250ppm
— 04 |
m)
(@)

02 D—’D/

00

0 2 4 6 8 10
Incubation time(hr)

Fig. 75. Growth inhibitory effect of polylysine against microorganisms from cucumber

at 30C.
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Fig. 76. Growth inhibitory effect of nisin against microorganisms from cucumber

at 30C.

3) A E&AY hurdle 1A+ A
oo Al#E i o® HH dipping solution HEE HAlske] 18ToAM ARS
nAEEA F4 WetE #Ee Ay vhgo Figo 77~79% Zkth. Pediocin®] 7
Sol= A 7] AHYFLEE 1 log cycle AXE9 S Uil eon A A 3=
] 3 log cycle?] A& YERNAIL A 647FA] FHA 2 log cycle AE2] A &2
2ol E YERNRITE Polylysine®] 4% A% 3U7-A= FA 2ol w3 4,000ppm 2
8,000ppm dipping solution *&]FolA 3 log cycle o2l &A% nAE A4 &3
E Bou A% 6dole 238 FAE el Hla) 1 log cycle ©]d MAEF7F STt
Ao 2 vebytth Nisin® 7490l 500ppm o] gol A1t Fxj 2] 3he} F8l3k 2jo]
5 B A 6Y7HA AHAR KA AR E VA= AR YER
Arel Wals 2438 Ao A% pediocing 25~500ppm A 2] F7F T g Tt
=2 Lge A3 9A polylysineS 25ppm ©] 4 28] RS5Ol A T g ol H
w2 L#ks YERo] polylysine H7H7F A ES ASIA| 7= Qo2 ZEste= A
gt A &S nisindl A %X fAFSEe] nisin 25ppm o] o] H b

T Lgkol FAgl el Hla) w2 s e Atk(Fig. 80~82).
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Fig. 77. Hurdle effect on microbial count of fresh—-cut Tsugaru apples treated with

0~1,000ppm pediocin during storage at 18T.
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Fig. 78. Hurdle effect on microbial count of fresh—cut Tsugaru apples treated with

0~ 8,000ppm polylysine during storage at 18C.
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Fig. 79. Hurdle effect on microbial count of fresh—cut Tsugaru apples treated with

0~1,000ppm nisin during storage at 18C.
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Fig. 80. Color changes of fresh-cut Tsugaru apples treated with 25~1,000ppm

pediocin during storage at 183C.
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Fig. 81. Color changes of fresh-cut Tsugaru apples treated with 25 ~ 8000ppm
polylysine during storage at 187C.
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Fig. 82. Color changes of fresh-cut Tsugaru apples treated with 25 ~ 1000ppm

nisin during storage at 18TC.
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4) 33 dips solution A3
7H AAFTER ©E nAE Ao a3 ¢ & ¥
Fresh-cut AF#}e] dx o] o] &3 37 g &2 o

2l ]
AR A Aot #EE 7]Ee] TS ZAbste], wAE fHle] AAdgdEES
=

polylysine, nisin, pediocinZ} & % A EdA g HAAFT = lysozyme,
chito-oligosaccharide & GSE(Grapefruit Seed Extract)& ©]-&3te =3 A 9 (dips

solution) AEE AT HAAE 27hel T F, Al BE FEF R AE A

g AP A9

W) AAE e AAFTEZN IE AAE Ao 23 2 HAx ¥

Polylysinee wWrA o] Aol Streptomyces albulus7t A3 3t= o] & 9 peptidesf
3 8 4 Q= L-lysine®] homopolymer®] &-polylysine® &, g 3= Z 8|22 3
A% e-polylysine®] ofu|:=7]7} w|AES] AEH S =4S AAdE Ao=w

H2] At} Nisine 419 LF9l Lactococus lactisol 23] A
=

A (bacteriocin)Z I #E  7|FL ofx wWES A THIAAE ZFIAR

N

O

2
It
cytoplasmic membrane®] E2t3l T membranes E=XAIA AME U B FEE
A lysisE doFity= oAo] F3#H3F. Pediocin (pediocin AcH/PA-1)2 4471 ¢
ofml=Ato 2 FAH pepetide® Pediococcusso]l FE At FAE AL
Streptococcus thermophilus®l ol = AAE = Aoz H 3o 2t} Pediocin®
Zg 7122 AT ABELY AE poreE FAste Aow dEl A 92 C-terminal
Z 9] disulfide bond¥ positive patchE dAsle] Ao =
N-terminal hydrophobic domain®] ¢+ disulfide bond: & &Ao] FFS FA &
v gEA Ak

uebA fresh-cut AFHE o= o]
of gk nAE Aojg e}l ME( value) W3t 2 #5534 5445 gt

&
ot
M
o,
P
re
et
N
N
2
i
o 1N
A
o
ofo
ol
ol
2
5

(1) Polylysine

Polylysine %55 02~15% TE=Z A3 HX Ao glice AFHE A 3she] 18T
A T T B AEE FAGAY. WA F 27 A=Y g FALTe
polylysine 1.5% 18] FolA ¢F 1 log CFU/g =22 YElto™ polylysine 0.2~
0.8% sENA = 0.2 log CFU/g w22 YEYTHFig. 83).
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3U Aol FH gl e oF 5 log CFU/g 54 YERW Sl eH| polylysine 0.4% ©]

Aol o 2~3 log CFU/g Fwo2 YEY Fg mAdE 45 A &34&5 52
o Hh FEI 04% FEdS ¢ F o 28y o443 €8 polylysine 1.0%
ol M= FAEFo vz FaE el ey, A% 6YU Aol polylysine 1.0%

9
2

el Aol Aes FAYT B va B2 ¢ 8 log CFU/g 55 YEUAH.
W, polylysine 0.6% A FolA= 3datelA vebd WAE A5 Ay G347 A
wlo] °F 6 log CFU/g ¢ F&2o2 7H 43 2345 Bl

Ad717re]l Aol wE M E=(L value) Bl Jol A&, Fig. 849F 7] polylysine

=

4

o] Tt Eold wEl xR e; viSzEb ALY oF v L ovalueE YERYISH A
642 7A vk S el TE 28y fresh-cut A el AR S ERA 7=
e & 98-S nxx g Aow gelx o] dips solution A FA] 3 H A=A A}
4 7ted Aoz dAdF Sl
10
—— Untreated —— Polylysine 0.2%
—&— Polylysine 0.4% —0— Polylysine 0.6%
8 T —&— Polylysine 0.8% —&— Polylysine 1.0%
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o L
E 6
o
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o 4 }
|
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0

Storage time(days)

Fig. 83. Hurdle effect of 0.2~1.5% polylysine on microbial count of
fresh-cut apples during storage at 18T
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Fig. 84. Color changes of fresh-cut apples treated with 0.2~1.5%
polylysine during storage at 18C.

(2) Nisin

Nisin2 FAHt 2] €%l Lactococus lactisol 23] A F peptide’d I EZHZE 1

2bg 7122 oz WESA FHE A= AN cytoplasmic membraneo] S 3gk

% membranes <EAAA MEY EF FE2 AT lysisE doFite 7ol
Halth, L5 nisine FHS FAHOE 3097 o] oA Algo] AAHIL o, o
9] Apin & Barrett 3 Aol A& Nisaprino| gt AEH o g oy gt} o] 3k
nisine A #Fatokell thdeAl Abgstar glom, 54
of Tol wol] o] &5 gle AAolth

2 AT M= nisin®] Aol AF A& ThsAS AT Al HA vEE
ZlstaA}t nisin®] §%=E 0-1200 ppme = Ax3 A Ao HA ALE A8t
18C A% & Tdg 2 A= ®3tE FA8AT. AA F FAYTY 2UHETFE

6.3x10' CFU/g &2 2 714 =4 vehou A% 717ke] A#ste] wal 200 ppm

- 120 -



o]8t9] nisin ATt FASE 59 FH4E YERYAY. WA, 400 ppm nisin A
g7 Z271¢FE 21x10°0 CFU/g w22 ey #3279 oF 05 log cycle
o A5 BYom A% 394 % FAE FE mAE Al ZdE HEd o]
A& FE7F 400 ppm FEYS & 7 AATHFig. 85). Nisin =¥ Hg = A G477t
of W& Hy Aol FHM (L value) W3l oA = Fig. 86014 H&= nvpe} 3o
doidos nxwe A FoA =2 L ovalues: YEIUS & F7ko] ©E 4W¥ A
sl "4 YElYA egkom, o]i= fresh-cut 2 F2 @714 hurdle factorZA] 2]
7hsd s B FA

(3) Pediocin

Pdeiocing 0-1200 ppm =2 Axd HXHo] HA A5 HA o] 18C A%
T T R AR WsE SAGAT. 1 A3, 27 s Aol B3 SHddAE
AUFY 0 2 nisin A FEYE U4 5% 2= 2o H ¢oF 1 log cycle 59
AE A 235 e A% 394 ol= nisin A F7F ddid R 538
AE As &%= Jvetd 9, A% 644 FAHE T vz 5 UE
nisin ] #]oll H]3 pediocin A& Tl = 2F 05 log cycle 2 AT aHE 4
stk =71 7bd 53 AdavsE veEbd 200 ppm pediocin A& T E A 697
87x10° CFU/g %9 F#45 Hol 23l9 FAT wr} t & £39 3%
el o, 400 ppm pediocin 8] Tl = %7] ¢F 1 log cycle =2 AT a3
vepo] A g71zke]l Aot wrel 1 g3E thA A EJ oY A7)z il
F 05 log cyle 9 HAE Ao} 5345 Ho HAFE7F oF 400 ppm T2
= A oH(Fig. 87).

Ag71zrel Aol e xR Wste] 9lojA = Fig. 883 o] A3t k&
Hlo m& FolA Aol &lstr] o e e, pediocin F7F7F fresh—cut Ab#te] 2

el vxE JFe A g Ao BuHAh

O

B

N;

N

Ll

i
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Fig. 85. Hurdle effect of nisin on microbial count of fresh-cut apples during
storage at 18T.

80
75
[0}
=
) B
< 70
—
65 | —{1—Untreated —m 100 ppm nisin
—O—200 ppm nisin —@— 400 ppm nisin
—/—2800 ppm nisin —A&— 1200 ppm nisin
60 I L I L I
0 3 6

Storage time(days)

Fig. 86. Color changes of fresh—cut apples treated with nisin during storage at 18C.
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Fig. 87. Hurdle effect of pediocin on microbial count of fresh—cut apples during
storage at 18TC.
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Fig. 83. Color changes of fresh-cut apples treated with pediocin during storage at
187C.
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o) 71ek AdF A ED WE MAE Ao 23 E Hx W
(1) Lysozyme
Lysozyme< Ao o] tizF ghfof glom FAFF 14,400, 129719 ofv| =
Areow FAE 9714 polypeptide® A AEFF7FER AAEHE A2 AR Wl
o] 4¢3l lysozymeol FTHE ©o|F3 Ut} Lysozyme? &2 AMT AHEH]
peptidogycan 59| N-acetylmuramic acid®} N-acetylglucosamine A}o]e] [-1,
4-glucoside 23S AHsle] 385 dod|= Aoz oyt EA w9 Gram
UA ATt = GA FESAT Gram 24 A A9 EH O lipoprotein-2 £t
Fom Faggo] WajEo] &HAGAHA mAAE Kehe AowE A 9
Lysozyme< P& S A &% AFHRIEE B A7 e gom,
Fo YA AES A=, HF custard cream, WH 2 AAAF 5 E=SAFOR
G AEol et AEe E3E BHo A i YA oE o] &5 dth
Aol A= fresh-cut Abtoll A &35t7] 913 A4
4 =5 AT} FA lysozyme AAZF A= 27 wAE Ale] mIkel ARE
4 SAS gdstaA sl 1A, Ao w A go] THed =
01~0.5%¢] ol A Axd AA Aol slice AHHE AAIBFe] 18ClA A &ahd
A Fatae] #skE Zelshslt) Fig. 89914 Xz wkeh o] 3 log CFU/g &9 ol
i 1 log cycledl A | 2 log cycled] %7] &34 ZAAE dAdd
AA ey, 18T AR 3dak B 6dAFl A= o T (e Ae® yEhd vl

AN AH Al AR gl o] &3 dips solution A Fo] HL3d7] oL AoE A

Lysozyme©o] A7 % MEZ(L value)® ®3ol] mA= 32 &37F A 44
HAA 7= Ao R BT =, Fig. 90014 H=npe} 2ol lysozyme =1 0.3~05%F
Foll M= Lk 7oz WA
o] F& 001~01%Fw9 skdA= Ht ALgko] 5% Liﬂ% Ao w UER
t}.
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Fig. 89. Hurdle effect of 0.01 ~0.5% lysozyme on microbial count of
fresh—cut apples during storage at 187C.
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Fig. 90. Color changes of fresh—cut apples treated with 0.01~0.5%

lysozyme during storage at 18C.

- 125 -



(2) Chito-oligosaccharide
Chito-oligosaccharidet™ 7] EAHS ZFAto =z 3hsha Falshe W 52 7|EA &+
=

MEAE o83 = &

A

AT E AAY AxE A% dA HIAY d&dom ATl FEHIL 10%
chito-oligosaccharide A E=S FY43+e] chito-oligosaccharide AHA|7F 7HA &= %7]
v AE Alo] Zakel WA &3 9 AR FRo] wE #EF SEAS st
WA, chito-oligosaccharide &% 0.05~0.3% B2 HEF EFolA 27vAE A
& A 2HE £ & YA H(Fig. 91). Chito-oligosaccharide 5%=7F 0.05% < 2
FZ271(092h) 9 AsEIE= 1 log cycle FFoler, 01% E 03%9 FLolAs 2
log cycle 2 27IMAE A% As) 535 = 5 U0 22y A% 3L AN A
= 03%9 FZRre] 2 log cycle 59 £3}E FA3IY o, 1 o3t FLoAE=
ZHE AAEE oL Aoem #EHUT I AR 6dxe AS
chito-oligosaccharide I7ls=7F 5345 238 * o
o, olggt Aye o Ao wrE HF

chito-oligosaccharide A+ & 2} 7o Raf&Zo] 03]y nA=E F24&

Q% Aoz F4HA

o

_4

e

Chito-oligosaccharide”} M =(L value)® W3le] m = S uf$ A2

SWo] & AR AU =, Fig. 92014 H= whelk o] AAz=71(0d2he]
oju] ZwWo] F%£3] ¥ ] lightnessE WEFH= L valueZb thE-ol Hls) H3t 10
T FaEAY S, 005%90] B Tl L ovalues wiEel Hls) 8 ¢ 3
23, 01% 2 03%AME 47 11 2 15 3 HAEA ojud A o
S AR I M AAE Oz wgE] A 27|FH ded AEHAE
AT Aom A e, AR ARgo]l BUHE How ddagit
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Fig. 91. Color changes of fresh—cut apples treated with 0.05~0.3% chito—oligo—

saccharide during storage at 18C.
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Fig. 92. Hurdle effect of 0.05~0.3% chito—oligosaccharide on microbial count of
fresh—cut apples during storage at 18C.
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(3) GSE(Grapefruit Seed Extract)

A F A+ 52 (grapefruit seed extract)> Aol & HAEAHARZ A5 (Citrus
el

paradise)®] FAE & ELIRE T =T A

MM = slice AHHE tHEAE
of A&% GSEv =2gAldoezm FE3 o= -100(QUINABRA- Quimica
Natural, Brazil)o|2}l= AEHow FAwzn 9lon I ARELS GSE 50%¢ glycerin
50% % Td¥ Aol
GSE HEZ 50, 250, 500 ¥ 1000 ppmo 2 F#3}e] slice AFHE WA BER A&
AT Fig. 9304 ®H= upel o] AF271(0¢42h)¢] 4% GSES s&=7F =obds
G T daE AT F 9o, APl AR HdwE=<l 1,000 ppm2

F 2710800 A9 deid B S2A4 $T4E 239 4 A2, a9
1

-
m
}_A

o ZThal B %E} ot
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Fig. 93. Hurdle effect of 50~1,000 ppm GSE on microbial count of fresh—cut
apples during storage at 18TC.
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Fig. 94. Color changes of fresh—cut apples treated with 50~1,000 ppm GSE during
storage at 18C.
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(4) Vitaten-S

Thiamine dilaurylsulfates FHE=2 3t F3A|, F4 2 AAs= S5
vitaten-S& IYA3I} £% AEe Eol AREHH, dE A= thiamine
dilaurylsulfate”} 9§ SF73shAl 2 HEFFAZA 1 o] §o] AA3] g o] i, &
AAoltt o]o] &
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Fig. 95. Hurdle effect of vitaten-S on microbial count of fresh—-cut apples during
storage at 18TC.
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Fig. 96. Color changes of fresh-cut apples treated with vitaten-S during storage at
187C.
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(5) Hinokitiol
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WA, hinokitiol &% 0-200 ppme AH&ate] Az A Ao HH AbAE A8
o 18C A% & ToF ®HstE AU THFig. 97). A% %7], & hinokitiol * ]
Foll A WAE A& oA aHE AT F ddow, 1 Axe dlzTel Bl of
1 log cycle =Fo|dth. AF 347, sxo wE Arads gL g3 2= v
ol FAe el 49 1.3x10° CFU/g FFol9em, 100 ppm hinokitiol =27
8.3x10° CFU/g, 150 ppm ©]7+¢] hinokitiol # & el A& 7.4x10° CFU/g %<5 UE
Yol gl ol vls] H 9k 15 log cycle A% AW EHE Yo} old &

| AgA HA s 150 ppm T A2 AGH A 2™, hinokitiol A 2o wE

oL

M stel] glo1A] Fig. 9804 Ha= whel o] A g2 gle Ae= AAHG.
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Fig. 97. Hurdle effect of hinokitiol on microbial count of fresh—cut apples during
storage at 18TC.
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Fig. 98. Color changes of fresh—cut apples treated with hinokitiol during storage at
18C.
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) AT ERD EL WE &F
UM AP HAFHEHD Tl WE PAE Ao &3 % M wste A4
oA 2 &ZI7F JAGEH, APHor AHRo] Jtesd Heoewm AAHE A, F
polylysine?} nising T8 3t A 5 vAE ASF A SHAAY synergy
s g1 A Ame wxl= FEFES dolRuzt sATh oW, A&k 7t
A7bE A9 AFS s dAB8FT o AdeA a2t dAEHE HAE sEE T
2 3] HA sk oo w FHANE Az Augh AlfE F A ske] 187
A T T 2 AEE SA 5 tHdata not shown).

2 Ao/l °F 2 log CFU/g o2 YEryon,
polylysine®} nisin® Z&3 g7 EFolAE °F 1 log cycle 743 1 log CFU/g
From yewn. a8y A% 3YAtel= FA e 4 °F 5 log CFU/g F5&
= oUEsta, dAdd 2y &8 AgTelA esle o B2 Tl F 6 log
CFU/g o2 Yegow A4 6dA7A 2& oz Fitsrt Srhehe
g9 4F 8 log CFU/g Fwoloem, &84+ Afel=
o ® Yeutth o3 Aats ofe] Ay whE Ao ®
7hAl o] &g o Fukgel oaf mAEe] Aegs FAATE soer F
o]2] g hurdle®] ZHFelA FyrgE do7|= Hie wHg dAFow W 4% 9
T ATV dor AFgHojof & Aow oA,

284y T AF F Ax HINL value)dl PlAE GTFE polylysine T3] 7] ¢
Adet FAFSHA dEbst o) o= F HT7MAe] 8ol e W= A o
L ax e RHow FIAFHAUL

SA ARgk HIHA FR wWE vAE Aol &y B MR Wste] AT Aol A
I 27 AAHE A2A =, nisind pediocing EE&x 7 dle] A Fo] wWE WAL
B Asll SHA 9 synergy &3 9 Mo WA= FIFS dopR A} ST o]

W AEe 7t HUME AAY] AME sEE kM AFeA dASE 2t AdAEE

@
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o

40 FES JFow dlo ted e wez Azsd AAAF F 18T Aol
W s % EUAR e S4a9n
Treatment I nisin : pediocin = 400 ppm : 400 ppm

Treatment II nisin : pediocin = 400 ppm : 800 ppm
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Treatment III nisin : pediocin = 400 ppm : 1,200 ppm
Treatment IV nisin : pediocin = 1,200 ppm : 400 ppm
Treatment V nisin : pediocin = 1,200 ppm : 800 ppm
Treatment VI nisin : pediocin = 1,200 ppm : 1,200 ppm

O A HY A BAyTE 23 mE AT 271957 i 1.0x10'0 CFU/g
Frog g vk B E Ho Ay 27] vAE Ao a5 5] ofHslon}
T Ex g e Bl 05-1.0 log cycle 59 AFEHE e
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w
e
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4
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ppm nisin + 800 ppm pediocin E& AT A 271FF7} 53x10° CFU/g 707
Uebstom, gk A7 il 7P et s Aol EaE Bol AR 6940 =
32x10° CFU/g &0 veht #3271k o 1 log cycle & A&}
A oHFig. 9).

A7F71 7ol wE Abzbe] AlE= WH3ElE Fig. 1003 Zo] %7] L value”} nisin® &%
of ¢]&dE= AeS Ho] 1,200 ppm nisin AT+ EF FAYFEYG =& L valueE
AA %= FAFSHA UERY, S8l ofg AW A

i
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oL

uRe
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log CFU/g

0 3 6
Storage time(days)

Fig. 99. Hurdle effect of nisin and pediocin mixture on microbial count of
fresh-cut apples during storage at 18C.
[—[J— : Untreated, ——Il-- : 400 ppm nisin + 400 ppm pediocin, —O—
© 400 ppm nisin + 800 ppm pediocin, ——@-- : 400 ppm nisin + 1,200
ppm pediocin, —A— : 1,200 ppm nisin + 400 ppm pediocin, ——&A--
1,200 ppm nisin + 800 ppm pediocin, —>— : 1,200 ppm nisin + 1,200

ppm pediocin]
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65 : ' : '
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Storage time(days)

100. Color changes of fresh—-cut apples treated with nisin and pediocin
mixture during storage at 18C.
[—[J— : Untreated, ——l-- : 400 ppm nisin + 400 ppm pediocin, —O—
© 400 ppm nisin + 800 ppm pediocin, ——@-- : 400 ppm nisin + 1,200
ppm pediocin, —A— : 1,200 ppm nisin + 400 ppm pediocin, ——&-— :
1,200 ppm nisin + 800 ppm pediocin, —O— : 1,200 ppm nisin + 1,200

ppm pediocin]
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E FAE Ao 27 2 A= W3
A AHA HIHA &8 9% mAE AS A3 Sl A9
synergy &3+ SAAQ AE AR EEATE ol HAHIIE =, polylysinel
RSk 9al] Aol A e AREH AL Sl= citric acid$}
malic acid®] ©= &35 letal B & A w5 Z2AsaA Ak #F7|4t
o] &4td2 pH Astzrgel 71233 Aol 714k Aalo]l zka Sl FatEe 9
g Aow dHA glow = &
A A A BE rAAES AE Eﬁﬁi AH-8-5
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olgste] AFTE AAY F F AGe] we FFs L A% AsE 4elaung

uh) #2714k A el o
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FA AGAA o] F
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R
S B4 PHS
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(1) Citric acid A& @& PAE Ao &3 & A& W}

Citric acid 0.1~15% s=2 A3k FA gl slice AHHE HA st 18C AF F
Tl W 2 AR wsts delsdn. HAASF 27 AR v FAYTY
0.25% ©]3} citric acid A& T4 T 5+ 2 log CFU/g Fxold e, 05% °©]%
citric acid A g FolA+= 1 log CFU/g &2 2 Yelyt &, 05% 9 citric
acid F=olA %7] 343t B =T el F2E AolE 04, #4527 05%
T#9d8 & = dAr}t.  Citric acid X 05% o449 AE+E vluws) 2 v (Fig.
101), 1.0% citric acid A&7} 7F¢ % A o= yEey 394ko] 4 log CFU/g, 6

o+ 6 log CFU/g 52 B9t d, 0.75% ©]7d9] citric acid A 2] F-oll A=
F AUAE AFeAFE FAE 2 05% o]k citric acid A2 FFol Hl&] 23]
ST Sk S BAdth
717}

A bo wh& A =(L value)® ®stol] M= Fdgo B9 e s
Hol AqAF7)7ke] #AGlol FAE7F Mg et Aow yEwen, 4% 27]HH
3Y7MA = citric acid®] HE7} EolA 4 E L value7t R& Aoz e} zdwo] A
=

stede & F UAAKFig 102). 53], 27nAd= Alo] FHA 3 1.0% citric
acid A&7+ 4-F, A% Z7]5E L valueZt 7Hd @2 Zeow yeyton, o3t
A= A 697HA A& H AT

A7 3d7HA o= A e H 1.25% citric

=
acid A g 7+& Aofsta Aded FEoldor, A% 649 4% it A+7F v
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Fig. 101. Hurdle effect of 0.1~1.5% citric acid on microbial count of fresh—cut

apples during storage at 18TC.
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Fig. 102. Color changes of fresh—-cut apples treated with 0.1~15% citric acid
during storage at 18T.
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(2) Malic acid A gd W& A AE Ao &3 € Ax #Hs}

Malic acid &% 0.1~15%% AR&3te] Azxe Fx Ao slice g AtHRE A 3o
18C A% % ol Wzt B ded S48 e HAA T 27 vAd=F
o FEE QO 18 Ax FA 259 4% 3 log CFU/g FFo192H, 01% o4 =
£ malic acid A2 FA+= 1 log CFU/g &5 R At (Fig. 103) 18C A7 394}
£ & ], malic acid®] T%7} EolAFE FH59 S IAHE ASE & 5 A
Ko, 53], 0.75% F ©’4e] malic acid FEdA = Fd+7F 4 log CFU/g %
olstz Asj¥= Ao vetutty. o2’ AFAE2 citric acid®] F=o wE A
Fof vlawd Wl citric acid 1.0% Azl & F e JAFEod fgEet g

2

A, malic acid®] 7% citric acid 2T ®Bel Ay & 0.75% o4 HlxL
=2 citric acid EEA AR ZEb7)o| 388 =4t ZUtetE AL e

)

Malic acid®] =¥ A2 & A7kl wE Abke] A E(L value) ¥ sle] o] A
+ citric acid A2 9 A9 FASHA AWHA 02 malic acid®] F%E7F EoldTE L
value7b 9t Ao 2 yehy Zdue] Astds o o UNTHFig. 104). 53], 1.25%
o]%2] malic acid A& Tl = A Z7|o 71 @+ L values HEeEMR o, A
& 3LATE = AASHA AstE ol AEA THAE R s Aoem Holx dAl A
| ojEwol e Aom AU
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Fig. 103. Hurdle effect of 0.1~1.5% malic acid on microbial count of fresh-cut

apples during storage at 18C.
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Fig. 104. Color changes of fresh—cut apples treated with 0.1~15% malic acid
during storage at 187C.
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vh) HAFFERDF {714 8 @E hurdle effect

A Aol HA HME F UM 58 nAE AS A anE
polylysine®l 714t & AdAoz ¢ =2 @S YERY malic acides
of HHe FHTAL Y FEE dolrux ooy e 137449 ¥
TAE AA A slice AHHE AR e 18C AF F 25 L A= WH3E =4
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Ag]9- 1  Untreated

28] I polylysine : malic acid = 0.4% : 0.25%
28] M polylysine : malic acid = 0.4% : 0.5%
28] IV polylysine : malic acid = 0.4% : 0.75%
28] V  polylysine : malic acid = 0.4% : 1.0%

18]+ VI  polylysine : malic acid = 0.6% : 0.25%
28]+ VI polylysine : malic acid = 0.6% : 0.5%
28]+ VI  polylysine : malic acid = 0.6% : 0.75%
8]+ IX  polylysine : malic acid = 0.6% : 1.0%
28] X polylysine : malic acid = 0.8% : 0.25%
28]+ XI  polylysine : malic acid = 0.8% : 0.5%
28]+ XI  polylysine : malic acid = 0.8% : 0.75%
18]+ XII  polylysine : malic acid = 0.8% : 1.0%

1 A3 Fig. 105904 Hi= vkef o] A&7z WU A+ X(polylysine : malic
acid = 0.6% : 1.0%)°l A 71d =& vAd=E A3 245 Yetlddo 53] A% 393
ANM e FA e B ootyer BTt vl e w9 = FES YEde Ao

B oglEdon, wek kA AdolA ezl polylysine ¥ malic acid®] T4 3
dap Aol A yetd Frddes A2 vlas & o, A3 sRw &8 A g
J ZWellA ] synergy &3%= &% F Ak A, A 6= AT X
(polylysine : malic acid = 0.6% : 1.0%)¢} 27 VI(polylysine : malic acid = 0.6%
D 05%)0 A ME Als2dk et &S Ho] 9F 6 log CFU/gel 55 H3lon, o=
polylysine ¥ 2] 6Lzt A vepd gt dd 3 FARE FEo] A

g
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A7 & Aw W3lo] ¢lo] A=, polylysine ¥ malic acidd] X W& Az 4-719
A oS Felarizh ofE gl ovk(Fig. 106), 7HE S s=<Q AT XI
(polylysine : malic acid = 0.8% : 1.0%)lA A&x7] 7} +& L valuegd Rt
ol F7b=o] HmetA o] &Ho] A A FrI A FF o AF AE W3

of 2A4H JFe WAL Ao BHHo AT
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Fig. 105. Hurdle effect of polylysine and malic acid mixture on microbial count of

fresh-cut apples during storage at 18TC.
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Fig. 106. Color changes of fresh-cut apples treated with polylysine and malic acid

mixture during storage at 18C.
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AD 83 MY hurdle ¥4

o] oA AFe H7A Mo fresh-cut AFHE A7 AFS 8 2849
hurdle 71488 SFA1717]0] mgabn, =3 B HA7bAe &8 #5540 W
A EFA ASE o] Al F s Felgta Azt Abell A wlR Ao T

Aew e AAH Bo] ArEolol @ Aow wErh ol Wrhals}
h

obd E2d el RO heating A& HEFuA HHon, 1 WHon AF
%95 A4 pEor 4YS AUy

=95 ZHTE dAY mAE AL 40~70CAA 30%~2%7F mild heating
A2 stdaA 18C A# 9 hurdle effectE &<lstdtt. 224 o2 40C-1%-dipping
A2 7F 744 9938 hurdle effectE R o] (Fig. 107), 18C A% 3d =z} ol H] 3
2 log cycle ¥ o9 & RIS, olHs A= AFE7|(0E2HFH A%
6L7HA A &E AT 2399 FEE 40C-18-dippingel " XA 3kl on 40T-2%
~dipping ¥ 50C-1¥%-dipping A2 729 HA$% 1 log cycle °]49 &3E HF
gl o= Gy A TolA THE =2 2= 2391 70C-1iE-dipping A 7
T WETeke] &3 ztolE gl & 7t glTh

Aol Agols A9 BE A F7F 18T AFA7IHEer gz 9 v5d =5
& oF7F =S L valueE A8 tH(Fig. 108). 28y, 70°C-1%-dipping # 2]+ 2%
of Wi FAA AFgFS A, AFE7I04A) o2 ATl vl Latel 155%F

q
o1 BaeRL, olel e FFE AF 6AATA ALHLL

tloy
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Fig. 107. Hurdle effect of heat treatment on microbial count of fresh—cut apples

during storage at 18T.
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Fig. 108. Color changes of fresh—-cut apples treated with heating during storage at

187C.
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G 2o "y SHoA AlRaEA g SHo] e nh A
g Abzhe] oW g RvF 15, 30, 40 B 50T R HE FEAA 1383 55
=3 dxgE A PdFAH(data not shown). ZAEAHOR Z¢F @ MNME ZF
gk B A YAk wE A ke FoAdS Sl oleslen, ¥hs A
SHel A Qi Alm xHel dxrt REshA APE = ZA o] LA
AETS sl TAIo R AYrtA EAF el de Hoer 59
U sEAQ SHoR & o FYrt d& Aor ddEHAY 2y A=
T-4F A7t 271 AAE Aol 7 st on,
of B3l 1 log cycle A5 FF T Aol AHE A

l:,

oAl Al @A FAE g HUHAY £85 fa AW AdAA R

2 4 & A ascorbic acid®] sE=E ZAASuA 3k tE WA, ascorbic acid % 0.1~

1.0% 5 AR&sto]l Azxg A Aol slice AHHE FAISke] 18Tl A st Am= W

stof A Fwtro WstE Sl A7

o]+ Fig. 1099} #o] vz Fg3k o]E & }AO_1 ascorbic acid®] & =7}
A &

ESFE WA IA| = 7 ascorbic acid 0.5% ©]*4+ 9] =T

)
2
31
i
=
1
—
<
S,
o
c
S
E
oty
=,
3o

=

N
ol = A 33U &= Lko] 700402 MErE 453 Ao Yehy, M =
A ascorbic acid®] HAFE7F 05% FdS & F JATE ES ascorbic acide] F
L7F Eobgel wet dAFEe] A= A% A 2d(Fig. 11005 & F AveH,
0.1% ascorbic acid A& o] H]&] 1.0% ascorbic acid *1#]F+7F ¢F 1 log cycle
of Avtg A ZEIE vEtdo] hurdled] 3 o2 A& 7Msd ol Aoy
At

AR stE S& ARgsteE As BHoE A AYelA ®Wol o]&stE calcium
chloride®] ## F=& AAs7] s w=c we A4 545 Fdstaxt 543
t}. WA, calcium chloride &% 0.1~1.0%°A Alx=3 HXHe slice ALHE A s}
o] 18CA AAstAA B54 EAS xAS A7, A 64Ad A% EE calcium
chloride 8] 7¢] ZZ o] %53t o™, ascorbic acid® -9 vz7FA 2 calcium
chlorides A lgtol] wel WMol AAE= AS & F ARew, 7 Z3e= AF7|ZE
el A&E-goz el t(Fig. 111). ¥, ascorbic acide] 49| 4|3 calcium

;_‘
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chloride A2]l7"&= AWt ow A 27|FH T2 ARES FA g e Ha] A=
W3le] HE=E o] &3 L value? H AL o] 5~10 &5 L2 AL 4 F AU
o]#]8 A= calcium chloride’} M & W= GaFo] A4 &S Aol Gz o
F¥= Aol7b A= AS = slice A Alm] AR 27] AE WSS Alojdt= Hld
calcium chloride”} #+-&3HA AH&E 4 o, 3 mAdE A5 Asf SHAALE

I g3 i QA8 HAvEE 0.75% 2 FehE A ok(Fig. 112).
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s | —O— Ascorbic acid 0.5%
—&— Ascorbic acid 0.75%
—&— Ascorbic acid 1.0%
0 \ \

0 3 6
Storage time(days)

Fig. 109. Hurdle effect of 0.1~1.0% ascorbic acid on microbial count of fresh—cut

apples during storage at 18C.
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0 3 6
Storage time(days)

Fig. 110. Color changes of fresh—cut apples treated on 0.1 ~1.0% ascorbic acid during

storage at 18T.
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Fig. 111. Hurdle effect of 0.1~1.0% calcium chloride on microbial count of

fresh—cut apples during storage at 18C.
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Fig. 112. Color changes of fresh—cut apples treated with 0.1~1.0% calcium chloride
during storage at 18TC.

) AGzAE AT AW AE

(1) Fresh-cut A9 A7 435 FHA5H W3

@G hurdle®] 48 AHREE EUR std, MAE SHA S hurdles THEA A L

E=dEI FAe FdE 54e 1ET HAME E8FeEN G A wE &
sl et =, MAE FAAM #HAg hurdle effectE A4 o= gt

= 7ZlFdAA 1344 hurdle2= A o] €3 PLMA(polylysine 0.6% : malic acid

1.0%) dips solutione.Z AA3sP o™, 2x4 hurdleze =% WHH dsdoz 4

0C 17 mild heatingS x4 AW wo] o} 40T dips solutiondl 23 3% 3}
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Fresh-cut Ao A 7)1k whE dRbAlwte] A% AEl= Fig. 1137 Zo] fix
T-oko] AolE FEEAl & & ATk dEz=Fe] AF x7] 2 log CFU/ge F+&
et e AF 158 A= ok 3 log cycle 2718 5 log CFU/g 5% UEY
AL, Aot O, O, VollA = A% 10427HA Alete] A5S A8 Holx okt
HbE A oAM= A 5AA7HA At e A5S WolA @tou A% 10YA
Ao+ 2 log CFU/g9 & YEHo] 40C mild heating B3 *E|& hurdle &3}
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Fig. 113. Changes in microbial count of minimally processed apples during storage

at 4C.
[—[J— : Untreated, ——l-- : PLMA(polylysine 0.6% + malic acid 1.0%),
—A—  40C PLMA, —-A— : PLMA+AACC(ascorbic acid 1.0% +

calcium chloride 0.75%), —O— : 40C PLMA+AACC]
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b vb2 L ovalues WeEtilom A7 Wl 22 F3S vEtdio] A% 1593k
o= 6829 9 L valueE YEIU T Ascorbic acidE ®71s A2 =, A+
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ootz FAYTY e 4T A x7] 35 FEoldew A% 5dAte A=
B Aol Hla) gxhete] 29 s HElo] A 209 A4 Bl =¥ e
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1593 Aoll= B M@ FeoR yEuton, 22 A el At} A
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Br Wste A b= 1 AolE S0 = gllod A% 109A A=
I zaE ok AR FAT £ Itk 2y oA AR HAY FFEo=
0.75% calcium chloride &7} 24 AstE A gth= ASZ BI7]& T i ofH 9]
AE Aoz FoE AL
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Fig. 114. Color changes of minimally processed apples during storage at 4C.
[—[]— : Untreated, ——l-- : PLMA(polylysine 0.6% + malic acid 1.0%),
—A—  40C PLMA, —-A— : PLMA+AACC(ascorbic acid 1.0% +
calcium chloride 0.75%), —O— : 40C PLMA+AACC]
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Fig. 115. Texture changes of minimally processed apples during storage at 4TC.
[—[]— : Untreated, ——l-- : PLMA(polylysine 0.6% + malic acid 1.0%),
—A— 1 40T PLMA, --A-- @ PLMA+AACC(ascorbic acid 1.0% +
calcium chloride 0.75%), —O— : 40C PLMA+AACC]
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5 <) S HYoew 40T oﬂﬂﬁlﬂ vitamin C
Hslo] A2 e A g Aow Aoy whd AT O, Vo 3%
Z719 H¥t 110 mg/100g =59 =& vitamin C IS Bgoy AHF 154zl =
ttE Ay vl §243 74 Hir 18 mg/100ge] vitamin C TS EFY S
ot a8y ol#d dde HAUFE ® A AAQ vitamic C AF3E7F obd dips
solution®ll &3l¥ o] AW &N AE9 ascorbic acid7} Ab EWHA FASA A
3lel Ao 2 FAT oA

=
AAN For BF gvkd 7 Ag
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(vh) 782 &F
Fresh-cut AF%e] 4T AR & Fad FFS B4 23} Table 217 %ol

fructose, glucose, sucrose 370¢] ol HEF oW, o] F fructose? aFo] 7H
=2 Ao® yetwth AT Atold frEld el ®wist= & AolE HolA sk

, A 27 9 ol FUbske S Holurl A% 7] vhA] gAs
v AFgS Yepdidn. dirdow Abdte] o e fructosey sucrose) glucose?
cog FFo] =L Aowm delx] o, B AFo|AE fructose) glucose)
A~
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Table 20. Changes in vitamin C of minimally processed apples during storage at 4C.

Vitamic C contents(mg/100g)

Treatment 0 days 5 days 10 days 15 days 20 days
Untreated 3.2 3.3 3.0 2.8 2.0
Treat. | 3.3 3.1 3.0 3.1 2.3
Treat. I 3.2 3.1 29 3.0 2.2
Treat. I 103.4 81.1 52.0 14.2 6.2
Treat. IV 113.7 89.8 75.4 20.9 10.5

[Treat. I : PLMA(polylysine 0.6%-+malic acid 1.0%), Treat. O : 40C PLMA,
Treat. I : PLMA+AACC(ascorbic acid 1.0%+calcium chloride 0.75%),
Treat. IV : 40C PLMA+AACC]
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Table 21. Changes in free sugar of minimally processed apples during storage at 4C.

(unit : g/100g)

Storage time  Free suger

Treatment

(days) Untreated Treat. Treat. I Treat. II Treat. IV
Fructose 496 5.22 4.66 5.05 5.23
0 Glucose 2.04 2.14 2.17 2.16 1.89
Sucrose 1.68 2.00 1.68 1.75 1.76
Total 8.68 9.36 8.51 8.96 8.88
Fructose 6.07 5.44 5.73 5.56 6.00
5 Glucose 2.32 2.14 241 2.73 2.56
Sucrose 2.12 1.93 1.65 1.50 1.60
Total 10.51 9.51 9.79 9.79 10.16
Fructose 5.35 5.59 547 5.44 6.02
10 Glucose 2.04 2.24 2.35 2.66 2.56
Sucrose 1.84 1.75 1.59 1.64 1.66
Total 9.23 9.58 941 9.74 10.24
Fructose 5.24 5.30 5.49 5.39 5.27
15 Glucose 2.06 2.00 2.09 2.30 1.97
Sucrose 1.84 1.87 1.78 1.80 1.71
Total 9.14 9.17 9.36 9.49 8.95
Fructose 5.27 5.18 5.56 547 5.66
20 Glucose 2.06 2.03 2.31 2.37 2.04
Sucrose 1.71 1.78 1.40 1.44 1.80
Total 9.04 8.99 9.27 9.28 9.50
[Treat. I : PLMA(polylysine 0.6%-+malic acid 1.0%), Treat. O : 40C PLMA,

Treat. I : PLMA+AACC(ascorbic acid 1.0%+calcium chloride 0.75%),
Treat. IV : 40C PLMA+AACC]
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Rz ZAFo] f£aAgozH dojus Aox PLMA(polylysine 0.6% + malic
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A2l gk fresh-cut ARkl 4T A7 & A4
Bttt A 27 dz2TFdA b v AEE eSS A% 109 A Aol A
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o gk dAEE g A2 Alolo Aol W3 H B, PLMA (polylysine 0.6% +
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Fig. 109. Changes in weight loss of minimally processed apples during storage at
4C.
[—[J— : Untreated, ——l-- : PLMA(polylysine 0.6% + malic acid
1.0%), —A— : 40C PLMA, ——A&A-—— : PLMA+AACC(ascorbic acid 1.0%
+ calcium chloride 0.75%), —O— : 40C PLMA+AACC]
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Fig. 110. Change in titrable acidity of minimally processed apples during storage
at 4C.
[Treat. I : PLMA(polylysine 0.6% + malic acid 1.0%), Treat. I : 40C PLMA,
Treat. I : PLMA+AACC(ascorbic acid 1.0% + calcium chloride 0.75%),
Treat. IV : 40C PLMA+AACC]
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of 150 ppm hinokitiol W& A&+ Z5H ol ey Q).

(a

Table 23. Sensory evaluation of minimally processed apples during storage at 4C.

Sensory evaluation” (0 day)

Treatment Overall

Color Flavor Taste acceptability
Untreated 4.57 6.71 6.00 5.86
PLMA” 4.43 6.29 5.43 5.57
40C PLMA 6.29 5.86 6.29 6.00
PLMA+AACC” 8.29 757 6.57 8.29
40C PLMA+AACC 8.43 7.43 6.43 8.00

Sensory evaluation (10 days)

Treatment Overall

Color Flavor Taste acceptability
Untreated 4.00 4.14 5.86 4.57
PLMA 3.86 4.43 6.00 4.43
40C PLMA 4.14 4.43 5.14 514
PLMA+AACC 8.14 7.00 5.86 7.86
40C PLMA+AACC 8.29 757 6.57 8.14

Sensory evaluation (20 days)

Treatment

Color Flavor Taste Overa}l.

acceptability

Untreated 2.86 4.43 3.86 3.14
PLMA 3.29 3.86 4.86 4.43
40C PLMA 3.14 4.14 4.43 4.14
PLMA+AACC 7.86 6.86 5.43 7.57
40C PLMA+AACC 8.14 7.43 5.86 8.00

b Sensory evaluation : 9 very good, 7 good, 5 fair(still marketable), 3 poor(not

marketable), 1 very poor
? PLMA : polylysine 0.6% + malic acid 1.0%
¥ AACC : ascorbic acid 1.0% + calcium chloride 0.75%
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Fig. 111. Changes in microbial count of minimally processed apples during storage
at 5C.
[ Huyeao © 150 ppm hinokitiol, —O— NPgeat. - 1,200 ppm nisin +
800 ppm pediocin, ——@-- HNPgea: 150 ppm hinokitiol + 1,200 ppm nisin
+ 800 ppm pediocin]
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Fig. 112. Color changes of minimally processed apples during storage at 5C.
[~ Huyer : 150 ppm hinokitiol, —O— NPgeat. - 1,200 ppm nisin +
800 ppm pediocin, ——@-— HNPgeat: 150 ppm hinokitiol + 1,200 ppm nisin

+ 800 ppm pediocin]
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Fig. 113. Texture changes of minimally processed apples during storage at 5C.
[~ Hyea - 150 ppm hinokitiol, —O— NPuea : 1,200 ppm nisin +
800 ppm pediocin, ——@-- HNPgea: 150 ppm hinokitiol + 1,200 ppm nisin
+ 800 ppm pediocin]
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Fig. 114. Change in titrable acidity of minimally processed apples during storage
at 5C.
[ Huyeao © 150 ppm hinokitiol, —O— NPgeat. - 1,200 ppm nisin +
800 ppm pediocin, ——@-- HNPgea: 150 ppm hinokitiol + 1,200 ppm nisin
+ 800 ppm pediocin]
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Table 23. Sensory evaluation of minimally processed apples during storage at 5C

. Sensory evaluation”
Storage time

(days) Freatment Color Flavor Taste O"eran.
acceptability

Untreated 517" 7.33° 6.83° 6.50°"

Hireat” 767 567" 417° 483

0 NPyrea” 7.00" 717 6.00™ 6.83"
HNPiea” 817 567" 533" 6.00"

Untreated 317" 550 5.25" 467

" Hireat. 5.83" 5.00" 475" 483"
NPeat, 3.83" 5.33° 5.00° 458

HNPeat 5.08" 5.83" 5.42° 4.92°

Untreated 3.00" 450" 317 3.33"

Hireat 3.08" 3.50° 3.00° 3.00"

2 NPyea. 3.25" 450" 350" 350"
HNPcat. 4.33" 450" 367 3.83"

—

Sensory evaluation : 9 very good, 7 good, 5 fair(still marketable), 3 poor(not

marketable), 1 very poor

Do

' Means with the same letter in column are not significantly different at p<0.05

level by Duncan’s multiple test
¥ Hyea © 150 ppm hinokitiol
NPeat. - 1200 ppm nisin + 800 ppm pediocin

HNPueat: 150 ppm hinokitiol + 1200 ppm nisin + 800 ppm pediocin



o AX #E 2HE 9§ pediocin ¥ pediocin-like bacteriocin®] 2 -&7]& 7%

1) Pediocin ¥ Pediocin-like bacteriocin A4t TF2] &4

A= g AojE s H8d =22 pediocin-like bacteriocin® ©A-S $& =
42% 9] 713‘?1 AAE FAFNE L AR Z5E LAB(Lactic acid bacteria)E ¢
sk A3 F 3315709 LABE @t o, &2l bacterial straing E. faecalis<
indicator strain®. 2 3sto] S F4% Ay F 299709 straine] IS 7}
A= Ao g YelytH(Table 24). 15 E. faecalisoll tjgh gt &Ado] njuz & 127§
5 13 A@3te], Gram staining, Motility, Catalase test 5 7]ZZA<l Alg 3}
t&o] API CHLZ A3tehs 54& ZAMekith(Table 25). B3t 4] 2a v A=o]

g3k I S-S A7 Y8 1091F 9 Lactobacillus plantarum=- indicator strain

7] ;‘(]

o7 &o qFBANES HESI L o protease AT 52 Ed| bacteriocin &9l A
S AT ol Fal AA &l M YA w7 193-S FHE ALEka
o™ morphology ##(Fig. 115), AM*Z® 2] fatty acid composition ¥ 16S rDNA

sequencings 3 Weisella sp.&2 221359 tH(Fig 116a 2 116b).
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Table 24. Screening results for microorganisms producing antagonistic substances

(presumed bacteriocin).

No. of isolated No. of screened

Group Sources . ]

strain strain

1 | Company A, Kimchi I 143 o
2 Garlic 50 1
3 raddish 3 0
4 Chinese cabbage 10 1
5 Company B, Kimchi 1 143 10
6 Company B, Kimchi I 144 39
7 Company B, Kimchi I 144 0
8 Company B, Kimchi IV 138 14
9 Company B, Kimchi V 144 0
10 Company B, Kimchi VI 135 9
11 Ginger 3 0
12 Company C, Kimchi I 21 0
13 Company C, Kimchi O 115 4
14 Company C, Kimchi I 21 17
15 Company C, Kimchi IV 143 4
16 Company C, Kimchi V 24 0
17 Company C, Kimchi VI 21 0
18 Company C, Kimchi VI 21 15
19 Company C, Kimchi VI 86 0
20 Company C, Kimchi X 21 16
21 Chopped garlic A 126 37
22 Company D, Kimchi I 63 0
23 Company E, Kimchi I 8 9
24 Company E, Kimchi 1T 17 0
25 Company F, Kimchi I 126 0
26 Company F, Kimchi I 140 3
27 Company F, Kimchi III 83 0
28 Company F, Kimchi IV 132 15
29 Company F, Kimchi V 144 1
30 Company F, Kimchi VI 144 18
31 Company G, Kimchi I 66 5
32 Company H, Kimchi 1 72 0
33 Company H, Kimchi II 79 0
34 Company H, Kimchi III 93 0
35 Company H, Kimchi IV 21 0
36 Company H, Kimchi V 78 14
37 Company I, Kimchi 1 69 0
38 Company I, Kimchi II 142 3
39 Company I, Kimchi I 67 1
40 Company I, Kimchi IV 110 0
41 Red pepper power 1 0
42 Chopped garlic B 4 9209
Total 3315 299
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Table 25. API test results of screened strains.

Strain

Glycerol

Erythritol

d-Arabinose

[-Arabinose

d-Ribose

d-Xylose

16

193

2662

2664

2726

+ |+ ]+ ]+

2742

2747

2759

2768

2774

+ |+ |+ ]+

2775

2777

]+

+ ! positive, - negative

Table 25. (continued)

Strain

1-Xylose

d-Adonitol

Methyl-fid—x
ylopyranoside

d-Galactose

d-Glucose

d-Fructose

16

193

2662

2664

2726

2742

2747

2759

2768

2774

2775

2777

o IR I T I e e o I I I I

S T o I o I e e IR I I

S T o I o I e e IR I I

+ ! positive, — negative
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Table 25. (continued)

Strain | d-Manose | [-Sorbose |/-Rhamnose| Dulcitol Inositol d-Manitol
16 + - - - - +
193 + - - - - -
2662 + - - - - +
2664 + - + - - +
2726 + - - - - +
2742 + - - - - +
2747 + - - - - +
2759 + - - - - +
2768 + - - - - +
2774 + - - - - +
2775 + - - - - +
2777 + - + - - +

+ ! positive, - negative
Table 25. (continued)

Strain | d-Sorbitol NIV arlbMethyl ad G N Acetyl | Amygdalin | Arbutin
16 + + - + + +
193 - - - + + +
2662 + - - + + +
2664 + - - + + +
2726 + - - + + +
2742 + + - + + +
2747 + + - + + +
2759 + + - + + +
2768 + - - + + +
2774 + - - + + +
2775 + - - + + +
2777 + - - + + +

+ ! positive, - negative
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Table 25. (continued)

Strain

Esculin ferric
Citrate

Salicin

d-Celobiose

d-Maltose

d-Lactose

d-Melibiose

16

+

+

193

+
|

2662

2664

2726

2742

2747

2759

2768

2774

2775

2777

o I T o T A I o I A O

o I T o T A I o I A O

B I e e e e e o I I IR S

IR R A A R s

R R R R

I o e o I e B I e o

+ ! positive, - negative

Table 25. (continued)

Strain

d-Sucrose

d-"Threhalose

Inulin

d-Melezitose

d-Rafinose

Amidone

16

193

2662

2664

2726

2742

2747

2759

2768

o I I IR I I S

2774

2775

2777

o o o I I T Ao I I I o IS

o o o I I T Ao I I I o IS

+ |+

o IR I T I e e o I I I I

o I S IR S IR IR IR EECY ) I

+ ! positive, — negative
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Table 25. (continued)

Strain

Glycogen

Xylitol

Gentiobiose

d-Turanose

d-Tagatose

16

193

2662

2664

+ |+

2726

2742

2747

2759

2768

2774

2775

2077

o IR I T I e o o I Il I I

ol I I IR I R S

+ ! positive, — negative

Table 25. (continued)

Strain

d-Fucose

[-Fucose

16

193

2662

2664

2726

2742

2747

2759

2768

2774

2775

2077

i<}
++++++++++++g

+ ! positive, - negative
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Fig. 115. Microscopic morphology of isolated bacteriocin producing strain
193(Magnitude X1,000).
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79

56

37

49

Weissella koreensis AY035892
Weissella viridescens AB023236

Weissella confusa AB023241

Weissella cibaria AF312874
—— Weissella soli AY028260

Lactobacillus reuteri X76328

100 _:actobacillus vaginalis AF243177
47 Lactobacillus colehominis AJ292530
—— Weissella thailandensis AB0238

Weissella hellenica AB015642

Weissella paramesenteroides S67831

B193

0.05

Fig. 116a. Phylogenetic tree based on homologies of 16S rDNA partial sequences

of Weisella type strains.
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*56: Weissella koreensis AY035892

Weissella viridescens AB023236

Weissella confusa AB023241

Weissella cibaria AF312874
Weissella soli AY028260

79 ———————— Lactobacillus colehominis AJ292530
100 { Lactobacillus vaginalis AF243177
56 53 Lactobacillus reuteri X76328

Weissella thailandensis AB0238
Weissella hellenica AB015642

Weissella paramesenteroides S67831
B193

Fig. 116b. Phylogenetic tree based on homologies of 16S rDNA partial sequences

of Weisella type strains.
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&) 2% pediocin-like bacteriocin®] &2-& F3l] F 331570
o] LABE #Estg e, #E3 bacterial straing E. fauecalisS indicator strain® =
slod A EAAHS A A F 209719 straine] FTHEAEL TR E AR UEW
thools #FT AR A4 FHS FAITI7] 919 bacteriocin AAF SR B2
4 Ay er Mol =& 11 wFE HF HAAEAY. ol TFE gram
staining, catalase test, mobility test, API 50 CHL %% % morphology ¢S 24|
st A3 159 Pediococcus sp., 652 Lactococcus sp. 2 4%2] Leconostoc sp.&
TR AT

°l=& MRS brothol A 37T, 2421zt v AT FeAe= 1059 v
AES gidez &8s Algst A3(Table 30), Lactobacillus sp.& A<k
Bacillus cereus, Klebsiella pneumonia, E. coli, Salmonella typimurium 52 ¢4
n A Eol ] Ao m =2 gueES e M_“l] Pseudomonas aerogmosaoﬂ
oS 3uYs /ML Ues S Abgsts ARl HAE

HAA Vibrios Uldoz gaes 7&5 A3}, V. parahaemolyticus,

38 o8 vebyth 1159

FT FUHor FAol =2 Lactococcus sp. 2774, 2775 2 2777 45 E. coli

KFRI 1242 5 3%9 E. coli, Salmonella typimurium KFRI 00251 S 5%

Samonella sp.€ Wgoz AFANTS AAHoR AHE A3} Fig. 140014 ¢} 2

of g AFAA aAE AL 5 SUJNHE. coli KFRI 1242°] gk A3t A
AD.

AA e AN FEE A% 2EEEA &8 Ve de HES LA GHAE A
%38kl P. acidilactici M, 2774, 2775 2 27770 w372 <F 10°CFU/ge] w2 2~
B #H7lste] kA kst E ocoli KFRI 12429 A2¢9€ES &gk A3 Fig. 36 2
Fig. 379} #gtth 2#4E 3237 10°CFU/g 30192 P. acidilactici, 2774,
2175 2 2777 35 2ete & H7pg 73 E 107CFU/g 3tk a7 100~
10"g 3oz B3 AL FFAIL 7)ol 2EH H F 290
Aoz Aau et AAFFE FHEFL FAHE HEHS Ydehhdn 109 FF2
2 95 x7]d H7S E coli KFRI 1242 w5+ 27755 Z©EEZ H7ksk 71X,
21775 ~EtHE H7bsk A= BE 3955y 5438 A E ey P
acidilactici 2 2774& 2elE]2 2718 A6 M & 109g 302 §A5HE Ao

=

=2 YeEbgth(Fig. 141). gyrd o s e 2 digdaS AA e &

gt
Hi
flo
et
o
l
T
o
=
rlr

V. cholerae, V. vulnificus 5%

o%t%
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Ao s fdAe daet Huo] A% 06~08 ool 2dE= A

o] gk WEAFYF
2775 2 2777

2~E}E]

i}
bacteriocin®] g% &3}l <

pHSE AL 3k
2ebE AAE FA A6 v 2E 2
ZEE Ak AA7E by wel waEs Qg
Aoz vehd Ae 1@ 9 2775 L 2777

M= g el e d&Fel v
A7HRE Al e

it

to

SE7} 98)Y Pashe

O:

a2 dr APy gEol AAH=
o Aew AzEA.

o Hi
Av R A (Fig. 142~145), P. acidilactici
Ao VeI
ATH s Ug AR

FAAE 2

Table 30. Antimicrobial spectrum of bacteriocins from selected microorganisms

Bacterial species

Gram Strains

staining 2742 2747 2759 2768 2774 2775 2777 2726 2664 2662 193 16
Bacillus cereus (7) + T o7 o7 7 717 7 7 7 7 7 0 7
Lactobacillus plantarum (4) + 0 o o0 o O o0 o o0 o 0 4 o0
Lactobacillus acidophilus (2) + o o o o o o0 o0 o0 0 0 o0 o0
Bacillus subtilis (4) + 2 2 2 2 2 2 2 2 2 2 0 2
Lactobacillus brevis (4) + o o0 o o o0 o0 o0 o0 o 0 0 O
Enterococcus faecalis (1) + 1 1 1 1 1 1 1 1 1 1 0 1
Klebsiella pneumoniae (12) - 12 12 12 12 2 12 12 12 2 12 2 12
Escherichia coli (3) - 33 3 3 3 3 3 3 3 3 0 3
Salmonella typimurium (5) - 33 3 3 3 3 3 3 3 3 0 3
Pseudomonas aeroginosa (4) - 33 3 3 3 3 3 3 3 3 0 3
Vibrio parahemolyticus (3) - 3 3 3 3 3 3 3 3 3 3 3 3
Vibrio vulnificus (7) - 5 4 7 5 7 7 7 7 7 3 5 5
Vibrio furnissi (3) - 1 3 3 1 3 3 3 3 3 1 2 2
Vibrio fluvialis (1) - 0 1 1 1 1 1 1 1 1 1 1 1
Vibrio cholerae (2) - o 1 1 0 2 2 2 1 2 0 1 1

() : number of tested strains
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—&— E. coliKFRI 242
10 —O— E.coliKFRI 242 + Ped M
: E. coliKFRI1242 + 2774
E. coliKFRI242 + 2775
E. coliKFRI1242 + 2777

OD (at 660nm)

Cultivation time (hr)

Fig. 140. Growth inhibition effect of crude bacteriocins from strain 2774, 2775 and
2777 on E. coli KFRI 242.
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(o]
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1.0E+05 |

—o—2777
1.0E+04
0 1 2 3 5 7

Storage time(day)

Fig. 141. Changes of total count in kimchi juice during fermentation at 10C.
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1

Lactic acid bacteria count[log(cfu/m!)]

0OE+10

.0E+09

.0E+08

.0E+07

.0E+06

.0E+05

.0E+04

—{F—Untreated —— F. acidilactici
—— 2774 —&— 2775
——2777

0 1 2 3 5 7

Storage time(day)

Fig. 142. Changes of lactic acid bacterial count in kimchi juice during fermentation at
10C.

Coliform bacterial count[log(cfu/ml)]

Fig. 143. Changes of

.0E+05

.0E+04

.0E+03

.0E+02

.0E+01

.0E+00

at 10C.

—{F—Untreated —mm— P. acidilactici

—I— 2774 —&— 2775

—— 2777

0 1 2 3 5 7

Storage time(day)

coliform bacterial count in kimchi juice during fermentation
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—— Untreated —— P. acidilactici

—— 2774 —&— 2775

e ——2777

0 1 2 3 5 7
Storage time(day)

Fig. 144. Changes of pH in kimchi during fermentation at 10TC.

—{F—Untreated —Mm— P. acidilactici
0.8 I —A—2774 —&— 2775
—>— 2777
—~ 0.6
2
=
5
(3]
< 0.4
0.2
0.0

0 1 2 3 5 7
Storage time(day)

Fig. 145. Changes of acidity in kimchi during fermentation at 10C.

- 18 -



. 2 daxd s A% F&7e M
w4y 3l pediocin, polylysine 2 nisin® A& 7[sAS AESH7] ¢ 42g
Az=dE 2eArd Aol Zh2; 250ppm #7bste] R EAA T mAd e WEtEs Ay
Hokth(Fig. 117~123). 3=, skt 2 g Ro wgolgdls= 2945 129744
pediocin, polylysine ¥ nisin®] F3 gt JFE v AR Zte A2 Ve e pH
T B oopu| b A4 A 2 dEgE FA RE S

=
go AxTdYd 29AdA =2 vAETe g vAdesTer Sl 250ppm2l

pediocin, polylysine R nisin®] M7} Aol 2 &35 debi7]el AdatA gk
7 wEel Aoz @usddth olF EUR pediocing A48 Folde geretel #

9 Aeo WMART AA AKIARTE A HARe ZAdAS BEw
A9e AAse Ao mAe How YEUch

10E+09

10E+08 r

Microbial count[log(cfu/ml)

TOE+07 1 Untreated —— Ped M 250ppm
—— Polylysine 250ppm  —&— Nisin 250ppm
—O— Mixture

1 0E+06
0 1 2 3 6 9 12

Storage time(day)

Fig. 117. Changes of total microbial count during 7Takju fermentation.
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Storage time(day)

Fig. 118. Changes of coliform bacteria count during Takju fermentation.
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Fig. 119. Changes of lactic acid bacteria count during Takju fermentation.
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Fig. 120. Changes of yeast and mold count during Takju fermentation.
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Fig. 121. Changes in pH of Takju during fermentation.
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00
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Storage time(day)

Fig. 122. Changes in acidity contents of Takju during fermentation.

60

50

9
o
£ 40
=
(0]
(o)}
o 30
c
o 20
£
E —{— Untreated —— Ped M 250ppm
10 —&— Polylysine 250ppm —4&— Nisin 250ppm
—O0— Mixture
0
0 1 2 3 6 9 12

Storage time(day)

Fig. 123. Changes in amino nitrogen contents of 7Takju during fermentation.
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Table 26. Antimicrobial activity of pediocin on selected microorganisms

Bacterial species

Gram

Antimicrobial materials

staining

Pediocin

Nisin

Al)

Bacillus cereus KCTC 1012

" KCTC 1092

" KCTC 1094

" KCTC 1526

" KCTC 1095

" KCTC 3711

" KCTC 3674

" KCCM 40133

" KCCM 40138

" KCCM 11541
Lactobacillus plantarum KFRI 00466

" KFRI 00402

" KFRI 00402

" KFRI 00402
Lactobacillus acidophilus KFRI 00340

" KFRI 00162
Bacillus subtilis KFRI 01120

" KFRI 01121

" KFRI 01125

" KFRI 00119
Lactobacillus brevis KFRI 00805

" KFRI 00806

" KFRI 00353

" KFRI 00221
FEnterococcus faecalis KFRI 00554
Klebsiella pneumoniae KCTC 1726

" KCTC 2241

" KCTC 2242

" KCTC 2243

" KCTC 2244

" KCTC 2245

" KCTC 2246

" KCTC 2248

I T S S S S T T T

o+ o+ o+ o+ o+ o+

++
++
++

4+
++
++

VA spot—-on method, ?B: agar well difussion method
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Table 26. (continued)

Gram

Bacterial species

staining

Antimicrobial materials

Pediocin

Nisin

” KCTC 2253

” KCTC 2491

i KCCM 41285

” KCCM 11788

” KCCM 11391

i KCCM 41293
Escherichia coli KFRI 00836

i KFRI 00174

” KFRI 00242
Salmonella typimurium KFRI 00251

i KFRI 00648

” KFRI 00431

” KFRI 00191

i KFRI 00250
Pseudomonas aeroginosa KFRI 00247

” KFRI 00177

i KFRI 00640

” KFRI 00190
Pseudomonas fluorescens KFRI 00194

i KFRI 00253

++

o

o+

VA spot—-on method, ’B: agar

well difussion method
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Table 27. Thermal stability of pediocin

Temperature(C) Result
37 (30min) +
50 (30min) +
60 (30min) +
70 (30min) +
80 (30min) +
90 (30min) +
121 (15min) -

Table 28. Stability of pediocin on pH

pH’ Result

+

+

+

© 00 N O O b~ W
+

* adjusted to pH 6.8 after treatment.
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Fig. 125. Changes in pH of noodle during storage at 20TC.
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Fig. 126. Changes in aerobic bacterial counts of noodle during storage at 20C.
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Fig. 127. Changes in coliform bacterial counts of noodle during storage at 20TC.
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Fig. 128. Changes in yeast and mold counts of noodle during storage at 20TC.
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Fig. 129. Changes in pH of immersion solution in soybean curd during storage at 10C.
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Fig. 130. Changes in acidity of immersion solution in soybean curd during storage at 10°C.
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Fig. 134. Changes in pH of sesame leaf during storage at 10TC.
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Fig. 135. Changes in aerobic bacterial counts of sesame leaf during storage at 10C.
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Fig. 136. Changes in yeast and mold counts of sesame leaf during storage at 10TC.
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Fig. 137. Changes in microbial count of yaksik prepared by various condition during
storage at 20C.
[~ Huyewr : 150 ppm hinokitiol, —O— NPgeat : 1200 ppm nisin +
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Fig. 138. Changes in B. cereus of yaksik prepared by various condition during
storage at 20C.
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Fig. 139. Texture changes of yaksik prepared by various condition during storage at
20T.
[ Huyeao © 150 ppm hinokitiol, —O— NPgeat. - 1,200 ppm nisin +
800 ppm pediocin, —— @ - HNPgeat: 150 ppm hinokitiol + 1,200 ppm nisin

+ 800 ppm pediocin]
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Table 29. Sensory evaluation of yaksik prepared by various condition during storage

at 20T

. Sensory evaluation”
Storage time

(days) freatment Color Flavor Taste Overan.

acceptability

Untreated 6.17% 7.00° 6.50" 6.25°

Hirear,” 6.83° 7.17° 6.67" 6.75°

0 NP’ 6.00" 7.08" 6.50" 6.08"

HNPyreat” 6.33 6.92° 7.00° 6.91°

Untreated 5.33" 6.50° 5.00" 5.25°

, Hireat 6.50" 6.50° 5.83" 6.25°

NPreat, 5.33" 6.33° 5.17° 5.58°

HNPieat 6.33° 6.50° 550" 5.92°

—

Sensory evaluation : 9 very good, 7 good, 5 fair(still marketable), 3 poor(not
marketable), 1 very poor

Means with the same letter in column are not significantly different at p<0.05
level by Duncan’s multiple test

Hirear © 150 ppm hinokitiol

NPeat. - 1200 ppm nisin + 800 ppm pediocin

HNPuear: 150 ppm hinokitiol + 1200 ppm nisin + 800 ppm pediocin
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Table 31. Antimicrobial activity spectrum of the bacteriocins used in this study

Bacterial species

Antimicrobial agents

polylysine nisin pediocin

Gram positive strain

Bacillus cereus ATCC 21768 ++ +b +

Listeria monocytogenes ATCC 15313 - + +

Enterococcus faecalis ATCC 29212 -2 + +

Lactobacillus plantarum ATCC 8014 + + +

Staphylococcus aureus  ATCC 6538 ++ - +
Gram negative stain

Klebsiella pneumoniae  ATCC 21204 + - -

Escherichia coli ATCC 11775 ++ - -

Salmonella typhimurium ATCC 14028 + - -

Y4 Inhibition, ? -

. not inhibition.

Table 32. Minimal inhibitory concentration of polylysine used in this study

Bacterial species

MIC(ug/mL)

Polylysine

Medium

Gram positive strain
Bacillus cereus
Lactobacillus plantarum
Staphylococcus aureus

Gram negative stain
Klebsiella pneumoniae
Escherichia coli

Salmonella typhimurium

ATCC 21768
ATCC 8014
ATCC 6538

ATCC 21204
ATCC 11775
ATCC 14028

20
50
20

50
50
20

Nutrient broth
MRS broth
BHI broth

Nutrient broth
Nutrient broth
Nutrient broth
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Fig. 146. Antimicrobial effect of change of polylysine concentration.

-0~ : Control film(Oriented polypropylene), -[]- : Untreated polylysine,
-A- 1 05 % polylysine coating film, -@- : 1.0 % polylysine coating film,
-l- : 15 % polylysine coating film, ~-&- : 2.0 % polylysine film.
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Fig. 147. Antimicrobial effect of change of polyamide concentration.
-0~ : Control film(Oriented polypropylene), —[1- : 20 % polyamide film,
-A-:30% polyamide film, -@- : 40 % polyamide film.
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Fig. 148. Antimicrobial effect of change of polylysine coating film thickness.
-O- : Control film(Oriented polypropylene), -[1- : 30um thickness,
-A—- : 50um thickness, ~@- : 100um thickness, ~-Ill- : 120m thickness.
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Fig. 149. Migration of polylysine from the antimicrobial film to water at 10 C.

-O- ! polylysine coating film.
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Fig. 150.

Fig. 151.

Microbial
count [log(cfu/mL) ]
N

0 1 2 3 4 5 6 7
Incubation time (days)

Bacillus cereus viable cell numbers in the peptone water solution which
is contact with polylysine coating film at 10 C.

-O- : Control film(Oriented polypropylene), -[]- : Pediocin coating film,
—A~ : Nisin coating film, ~@- : Polylysine coating film.

Microbial countllog(cfu/mL)]

0 1 3 5 7
Incubation time (days)

Klebsiella pneumoniae viable cell numbers in the peptone water solution
which is contact with polylysine coating film at 10 C.

-O- : Control film(Oriented polypropylene), -[1- : Pediocin coated film,
—A~ : Nisin coated film, @~ : Polylysine coated film.
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°
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Table 33. Solubility of coating medium in water

Coating medium Weight gain by coating Solubility of coating
(g/cm®) in water(%)
Polyamide 1.25x10°° 0.0
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A B
Fig. 152. Morphology of polyamide coating film before and after contact with

water.

A B
Fig. 153. Morphology of polylysine coating film before and after contact with

water.
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Fig. 154. Migration of polylysine from polylysine coated film during storage at

different temperatures.
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Fig. 155. The growth of B. cereus ATCC 21768 in additive-supplemented peptone
waters which was contacted with polylysine coated film at 4 C.
-O- : Control film(Oriented polypropylene), -[1- : Pediocin coated film,
—-A~ : Nisin coated film, -@- : Polylysine coated film.
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Fig. 156. The growth of B. cereus ATCC 21768 in additive-supplemented peptone
waters which was contacted with polylysine coated film at 10 C.
-O- : Control film(Oriented polypropylene), -[1- : Pediocin coated film,
-A - : Nisin coated film, -@- : Polylysine coated film.
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Fig. 157. Migration of polylysine from polylysine coated film during storage at

different pH conditions.
|:| . pH 3.0 + polylysine coating film, |:| : pH 5.0 + polylysine

coating film, . : pH 7.0 + polylysine coating film.
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Fig. 158. The growth of B. cereus ATCC 21768 in different pH conditions during
storage at 10 C.
-O- :pH 30, -[[J- : pH 50, —2-: pH 7.0.
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Fig. 159. The growth of B. cereus ATCC 21768 in different pH conditions
additive-supplemented peptone waters which was contacted with
polylysine coated film at 10 C.

-O- : peptone water + OPP film, -[J- : pH 3.0 + polylysine coating
film, ~A- : pH 5.0 + polylysine coating film, -@- : pH 7.0 + polylysine

coating film.
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Fig. 160. The growth of B. cereus ATCC 21768 in different sodium chloride
concentrations during storage at 10 C.
-O- : Untreated, -[]- : 1% NaCl, —&o- : 2% NaCl, -@- : 3% NaCl,
-Hl- : 5% NaCl.
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Fig. 161. The growth of B. cereus ATCC 21768 in different sodium chloride
concentrations  additive-supplemented peptone water which was
contacted with polylysine coated film at 10 C.
-O~- : peptone water + OPP film, -[1- : 0% NaCl + polylysine coating
film, —A- : 1% NaCl + polylysine coating film, -@- : 2% NaCl +
polylysine coating film, -~ : 3% NaCl + polylysine coating film, -&-
: 5% NaCl + polylysine coating film.
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Fig. 162. Changes of total microbial counts in tofu packed with different
antimicrobial coating films during storage at 10 C.
-@- Control : packed with oriented polypropylene film, -Hll- NCF :
packed with nisin coating film, -&- PCF : packed with polylysine

coating film.
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Fig. 163. Changes of coliform counts in tofu packed with different antimicrobial
coating films during storage at 10 C.
-@- Control : packed with oriented polypropylene film, -ll- NCF :
packed with nisin coating film, -&- PCF : packed with polylysine

coating film.

W) A= A4

Polylysine Z® HEFo =2 ¥3t FHo g MEo st 9 AHnr] 9o
10 Tl A 10 &<k AstdA Eae Wsts Ay 2= Table 349 2t
#r(Lightness), agt(Redness), bat(Yellowness) % AEZ:2]
B2 kgkm A 7ol Soto g AF F Alg7re] oS

4
e
o)
Lo
—
i

A7 =

=A% W3}

ZHEH £=3 polylysineo] 93 WA=

o Wt flv AoRE AlsHn olegd Ay TR Mz JEFs mAA &
3 Fergddo] 1A EE polylysine Z® FES o€ FHY X F&3 o=
Al E T

o) #5597t

e b 109 e] Al=e] Bt A & aela F3H4 7]EEe diste] 53 AHHL
2 HAFsE A= Fig. 164¢9F Table 359 YERU ST}

HsHA S 1A A7 o A VIEEE SAHsR e, 37s AEA

- 229 -



ekektl. wpeEkA polylysine

Fo] Bed Fdol FEFS MAA Fa, 15 A= ARV U= AL

’

32

o

41 8
>,

il

N

1o

Ho

I ()
o

ro,

By
o

rr

i

ul

i

B

(o]

Table 34. Changes in color of tofu packed with different packaging film during
storage at 10 C

Storage time ) Hunter values"
Film
(days) L a b AR
Control 83.15+0.277  -2.46+0.13 16.43+0.14 -
0 NCF 88.14+0.27 -2.45+0.13 16.40+0.14 -
PCF 88.16+0.27 -2.45+0.13 16.42+0.14 -
Control 88.45+0.43 ~2.34+0.08 16.22+0.32  0.65+0.44
2 NCF 88.52+0.30 ~2.39+0.05 16.63+0.19  0.49+0.19
PCF 88.43+0.23 ~2.36+0.06 16.36+0.36  0.59+0.07
Control 88.13+0.23 -2.42+0.11 1658+0.52  0.71+0.41
4 NCF 88.16+0.38 -2.41+0.05 16.73+0.16  0.70+0.24
PCF 88.48+0.20 ~2.43+0.05 1658+0.13  0.46+0.09
Control 87.79+0.37 ~2.28+0.04 16.38+0.09  0.69+0.20
6 NCF 88.29+0.87 ~2.46+0.23 1653020  1.01+0.38
PCF 88.17+0.13 -2.34+0.03 16.1040.24  0.59+0.26
Control 88.23+0.27 -2.24+0.25 15924040  0.77+0.34
8 NCF 88.25+1.35 -2.34+0.36 16.09+0.62  1.31+1.02
PCF 87.83+0.22 -2.19+0.10 1654+0.26  0.66+0.27
Control 87.95+0.38 ~2.16+0.05 1569027  0.79+0.11
10 NCF 87.42+0.24 -2.37+0.11 16.60+0.47  1.54+0.67
PCF 88.22+0.44 -2.29+0.10 16.27+0.48  0.75+0.41

Y Hunter values : L ; Lightness, a ; Redness, b ; Yellowness.

? Values are mean+SD(n=8)
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Fig. 164. Sensory property of overall acceptabilities in tofu packed with different
antimicrobial coating films during storage at 10 C.
-@- Control : packed with oriented polypropylene film, -ll- NCF :
packed with nisin coating film, -&- PCF : packed with polylysine

coating film.
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Table 35. Sensory properties of tofu packed with different packaging film during

storage at 10 C

Sensory propertiesZ)

. 1)
Film Overall
Taste Color Flavor
acceptability
Control 2.69+0.28" 3.98+0.35° 2.48+0.45" 2.55+0.38"
NCF 3.18+0.15"Y 3.92+0.29° 3.36+0.17" 3.21+0.20°
PCF 3.81+0.27° 4.08+0.29° 3.85+0.12¢ 3.94+0.45°

V" Control : OPP group, NCF : nisin coating film group, PCF : polylysine coating
film group.
2 Sensory score(5; very good, 4; good, 3; fair, 2; poor, 1; very poor).

¥ Values are mean=SD(n=10).

Y Values with different superscripts within the same row are significantly different

from the others at p<0.05 level by Duncan test.
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Table 36. Identified hazard, preventive measures and determined CCPs in each step

of the production of minimally processed vegetables

Process step Hazard Preventive measure CcCpP
1 Chilling pathogene vacuum or cold water cooling,
. . CCP 1
growth moisturing
growth tempqature contr.ol., stoc.k rotation CCP 2
2 Storage L cleaning and disinfection of storage
contamination CCP 3
room
time/temperature control
. growth regular waste removal CCP 4
3 Preparation L . .
contamination hygiene preparation area CCP 5
good personal hygiene and training
4 Cutting contamination cleaning in-place and disinfection CCP 6
5 Washing growth temp.erat}lre control of wash water CCP 7
chlorination of wash water, no reuse
6 Rinsing growth drinking water, no reuse CCP 8
. . L. leaning in—pl d disinfecti
7 Centrifugation contamination cleanmng 1np ac‘e an . tsmiection . CCP 9
control of centrifugation speed and time
. L hygiene of packaging machine
8 Packaging contamination .yg n packaging machin CCP 10
integrity test
9 Labelling
10 Packaging
11 Staorage growth temperature control, stock rotation CCP 11
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