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SUMMARY

I. Title

Development of mold removal technology with antifungal substance isolated from natural

food resources during cheese ripening

II. Objectives and necessity of research and development

1. Objectives of research and development

The objective of this research was to develop antifungal substances isolated from natural
food resource against harmful fungi. This development of antifungal substances will help to
control fungal contamination during cheese ripening. In addition, it will improve the

competitiveness of dairy industry.

2. Necessity of research and development

At present, antifungal agents are used to suppress harmful fungi. But recently necessity
of natural antifungal agents is increasing bring about disease probability and accumulation
of chemical additives. Thus, we developed antifungal substances isolated from natural food

resource and evaluated their activities.

M. Contents and Scopes of studies

In the first year of the project (2012), we evaluated antifungal activity of natural food
resources against fungi isolated from cheese. In the second year (2013), we investigated
bacteriocin from lactic acid bacteria and evaluated antifungal activity of metabolic products.
We exhibited applicability of various food by developing fermented milk and bread during
evaluation of antifungal activity of natural food resources. Also, we confirmed antifungal

activity of essential oil extracted form cinnamon.



IV. Results of research and development

1. The first years (2012)

1) Development of antifungal substances
- Isolation and identification of fungi from cheese and cheese ripening room
- Isolation and identification of lactic acid bacteria from Kimchi
- Confirmation of antifungal activity of Kimchi lactic acid bacteria
- Characterization of antifungal lactic acid bacteria
- Screening of natural products possessing antifungal activity
- Screening of antifungal effect of essential oil commercially available manufacturing

technique

2) Manufacturing technique of natural cheese using antifungal substances

Change of cell density during fermentation by the antifungal lactic acid bacteria
cultures
Manufacturing experiment by the antifungal lactic acid bacteria cultures in 10%
skim milk
Confirmation of antifungal activity and characterization by using antifungal lactic
acid bacteria for storage on Asiago cheese
Confirmation of antifungal activity by using antifungal lactic acid bacteria for
storage on Berg cheese of surface

- Confirmation of antifungal activity by using grapefruit seed extract for storage on
Gouda cheese for surface
Confirmation of antifungal activity by using essential oil for storage on Tilsiter

cheese for surface

2. The second years (2013)

1) Development of antifungal substances
- Confirmation of bacteriocin producing antifungal lactic acid bacteria

- Confirmation of metabolite for antifungal identification



- Confirmation antioxidative activity and anticancer activity of antifungal lactic acid
bacteria culture medium
Methodological development for extraction of antifungal substances from food
materials
- Extraction of antifungal essential oil from food materials
- Analysis of major chemical components in antifungal essential oil
- Verification of antifungal effect of extracted essential oil

- Analysis for chemical composition of extracted essential oil

2) Manufacturing technique of natural cheese using antifungal substances

- Development of fermented milk added cinnamon extract
Development of bread added antifungal lactic acid bacteria culture medium and
cinnamon

- Confirmation of antifungal activity by using essential oil and flavor for storage on
inside Tilsiter cheese

- Confirmation of antifungal activity and physicochemical changes of Gouda cheese
for surface treatment of cinnamon oil and cinnamon bark oil
Confirmation of antifungal activity of Romano cheese for surface treatment of
cinnamon ethanol extracts

- Confirmation of antifungal activity of Tilsiter cheese added cinnamon powder

V. Research outcomes & Further applications

We isolated lactic acid bacteria from natural food resources for development of antifungal
substance. We confirmed bacteriocins gene of antifungal lactic acid bacteria and compared
specific activity of metabolites. In addition, essential oil was extracted and analyzed by
various methods. We evaluated antifungal activity of antifungal lactic acid bacteria and
essential oil applied to cheese. Also, we examined synergy effects of antifungal lactic acid
bacteria and cinnamon extract by developing fermented milk and bread. Research results
will help to control fungal contamination during cheese ripening and improve the

competitiveness of dairy industry.
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Table 2. Cheese production Amount of Top-10 Major of the World

(&84 =)

=7 7} 2003 2004 2005 2006 2007 2008 2009 2010
o} = gl E| 1} 325 370 400 480 520 525 530 540
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B4 460 470 495 528 580 607 614 648
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A 35 35 39 40 43 47 45 48
HAl = 126 134 143 145 184 188 242 244
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A3z diig o s 32 23
Ald dF Asx R L
1. Al 1 A9 = (2012)
Zb dXT EAY A
(1) &Folze &8 % 4
7hH F%FelT Y +3
B A AL E wEolwe dAAY FUtEHAE 2 Ul A= AL A A
A Tl A= AAAAM RS FEFolE A FH S PDA(potato dextrose agar, Difco,

USA) #H 3w #x] 2 YM(yeast medium, Difco, USA) HA| v x| o] z+z} HE3dFe] 25°C oA 484

W EQ FR F APl g,

2
Ol
o
g
>,
i
ol
)
BT
1o
of!
=
t
o
N
e
2
Lo
J|m
o
ol
o
E{
o
ol
ol
;:
L
=)
>
-4
o
&
o
=
o,

AatE 8% FHoldEL @ulaZA ITS-5.85 rDNA 45 o st g 2
S wow FA3AY. BigDye(R) Terminator v3.1 Cycle Sequencing Kits(Applied
Biosystems, Foster city, CA, USA)®} ITS1(5'-TCCGTAGGTGAACCTTGCGG-3")¥}
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ITS4(5'-TCCTCCGCTTATTGATATGS-3') primerg At&3ted PCR WH&& G333 om
ABI 3730x] DNA Analyze r(Applied Biosystems)< ©]-&3to] A7|dS B3t 1 A3
+ NCBI(National Center for Biotechnology Information)®] GeneBank databaseolA A}Fgk
18S rRNA 97144 ¥ HlaFA & Foto] Flstaitt.

@) §aze 74
h AT B dE FAF BERF 94

T S Fote] I Ao vt Had fFA FFE "Aste] A
AE(KCTC, Korea)ZH¥ Fbt XF97F  8F(Leuconostoc  citreum KCTC 3526,
Lactobacillus curvatus KCTC 3767, Leuconostoc lactis KCTC 3528, Weissella cibaria KCTC
3807, Leuconostoc citreum KCTC 3524, Leuconostoc mesenteroides subsp. Mesenteroides
KCTC 3505, Lactobacillus saker subsp. sakei KCTC 3603, Leuconostoc gasicomitatum
KCTC 3753)%, at=n A& w A ME](KCCM, Korea) Z5-E Ak ZEF3F 4% (Leuconostoc
carnosum KCCM 40458, Leuconostoc gelidum KCCM 40460, Lactobacillus sakei KCCM
40264, Leuconostoc mesenteroides subsp. mesenteroides KCCM 11325)S 43ttt 5
o] BES 98] & 5% MRS(Lactobacilli MRS broth, Difco, USA) A 8] x| ol 33] A 0
W FE 5 2% lactose’t SrE WHAE Alxske] @AY A4 Wi HFES 15 mL

!

o] S A ARSI YE(-80C) HAsHAA Ao AL&33).

=]
H p

AEE AFA 9 JAR, Aehds FRA, A7E FANA Az T2 wFA
£ FAete] 7o A UeE AAE wAE Fo ARAZE ogetdth. A Bl

= =
Wale 218 247 Asd 3940 A2 BCP WAel Edaed. o A% 4F ) fak
2 Restgon, 42 f47e MRS FRHAG MRS AAMA] HEste] 30TAA 12
AZE Ejgste] WHUT) BEskEA Aol AHESHAThFig. 1.
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Incubation
(25% ,48h )

Incubation
(30c ,24h)

Homeogenization

Fig. 2. Antifungal activity of lactic acid bacteria isolated from Kimchi.
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(h Bud 2o 274

f oAl Fakdt A vl AS 1%E HES F 30ToAA 2443

s AT AT A S AIFERE AJFH S o B2 (Whatman, No.2, England) 2 o 2}t
% ojmel 5 mLol 044 M trichlroacetic acid 5 mLE 7}sl HAAIZ ) 308 w3217 $ o7}
A2 Jitste] ool 1 mLe 044 M SHAHYEE 25 mLS £33 & 1 N folin A eF 200 L
£ 7tete] 5 sQF RESAIF T 7 AR MM L= UV-VIS spectrophotometerE  ©] &3}
o] 540 nmolA SHFE=E ZAHsAY. AAT T2 S thermophilus Body-13 H] 1L3}9] o,
ol Ale] F= 100 pg/mL7bA 284 A st A2 ZE=d3 vlaske] ALbstd

() W 53

Aol tigh AEAd AEe gt o] v 6% Fakd A wigdSs MRS A )
Aol 2% HFske] 30TANA 24213 Sk vt mige] FEE § 9950 xg& 5 Tt
AAEYs] H#AE 35kt 343 #A pH 3.09 0.05 M sodium phosphate & <2
b7y z27] W gFdy FUE Foz Hristel dggt $ 30TAAA 2, 4, 8, 12, 16, 20, 24411t

Fob vkt Al A8 A EE UV-VIS spectrophotometerE ©] €319 620 nmol A &

FAE A v kS MRS A ufR] o 2% HEsFe] 30T
A 24X 7F &9k wjkErth fAb S 5500 rpmolA 15 YA EEEY 045 um
membrane filter(Nalgene, USA)® o33t & {74 &S Az z2ntE 189 (Agilent,

USA)S] 248 Al5E AMESFAT A =%E 40T, ol 542 0.1% perchloric acid® 332

o, F452 1.0 mL/mine 2 3t f715ke] FFEH LS olA|EH acetic acid), Al EZ2H(citric
acid), % %k(lactic acid), Z4Hmalic acid), % 414H(succinic acid), EFEFZ4H(tartaric acid)<S Z+7}
0.1% perchloric acid &< Al&3ste] HF FLE7F 1%7F H =S At AH83td o, i+

=49 MiF AlRHretention time)¥} ¥ = o ofgfol(peak area)E ©]-&3dto] FFE mgke &

9= AT,
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3oyt 3k T AL disc diffusion assayBHS W] A oH,
PDA HaujA] o] AAu) =] Fell Al &GAZ1 FFolE 400 pL A HEst] EEet & 8 mm
disc(advantec. Toyo Roshi Kaisha, Ltd., Japan)& <d#¥1 FE55 20 s "ojx g

A 547 wieFekn disc TR AFAA S BEEAH
6) A7 FATE 24Y 239Y

7h) A

o

Afr(essential ol)&= AFAAMEA AME7LEe 982 F5H 8FS vl (dainsoap.
Cheongwon, Korea)©=ZH¥E F3te] A3t om, 8F v fr(basil oil), + < (pine
needle oil), ¥&}f-(peppermint oil), =¥ o} E f(spearmint oil), A3 -(cinnamon oil), #] 3

3] (cinnamon bark oil), A7 (ginger oil), &&= (emon oil)©] A t}.

(W) AR/ 3T 84 2384

A {r(essential oil)e] R AL disc diffusion assayH<S WE3o] ARSI
PDAY shuf x| o] A A vl A] Aol A A A7 FFo]S 400 pbs =3 & 8 mm discS 29

1 4 A8 10 pLE gojrmy 25TCo|A] 547 v & disc +H A{HAA3S &g}

At
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(th) F2&A 3% =(MIC)

2389 E AF T I Aol £ vlA fF(basil oil), AlFf-(cinnamon oil), Al
3] (cinnamon bark oil)el] T
assayHS WdE3 o] Algsth. zF FFolat o] 400 uL A =EF plateo] 8 mm discE <

i ugstel gl wel FRH B4 FaAshglvh
(7) A golE F2o] HE FAF BA

of FE=&vljol wet Fx+ &
o Ay 22 105H5FS H7)
*F FET F AFste] A xskS
o Ay FAFESN AV AEs FEE Axe F4 4 WS 1005 ZF ol diste] Al
ol #ste] Az Disc diffusion

)

(&) A F vpE e 2UA FZE ©wE INT &4

o
O
c?
w
w
D
=)
=
o,
Q.
mﬂ
ox,
o,
X
&
1o
jus)
I
X,
Lo
ENe
s
)
e
i
=
k=)
il
o
™
[l
m |
ox,
o
to
ro,

o
fr
X
e

Atk 2UA FEE FE9E 400 bar, FE=AZF 180 min, FE2% 35T =4
stgor, &l glo] FE3 F A8E WEER 5 ARA)Y ARE WEkSe] 40T, 24

AP AR & 2AA FE2B)ske] A Ede FlsdTh

(9) A= TR Foste FATd o AR R vpE R FE 24

v d4e yebd AT f(cinnamon oil)9F BFE fr(basil oiDell tidlte] 2= g
Host= FAT oA FAdo] =4 disc diffusion methodE ©]&3sfe] Eelsdr. =
Fo #HojdE fAaFS ABT-5 2 FLORA DANICA(FD)®A] ABT-5% L. acidophilus, S.
thermophilus® &3], FLORA DANICA(FD)= Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. diacetylactis, Lactococcus lactis subsp. Jlactis, Leuconostoc
mesenteroides subsp. cremori®] &7 5% CHR. HANSEN(GI vl )AL B Flste] 23
of AR-&3t3it.
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(10) Av 7 R AtdF9 JEEH

Al 9] F(cinnamon oil) ¥ ®HFE F(basil oi)9] A Ao E4& GC(Agillent 6890N,
Palo Alto, CA, USA)9} GC-Mass(GC-MS QP2010, Shimadzu Co., Japan)& AF-&3F3 o,
GC-Massol] 9l& 88 peakd AH-S mass spectrum library(NIST 27, NITS 147, Wiley
Nl ZAste]l FAsEAT AMAE A2 #A4E AT GC GC-Mass®] 25 %7 table 1
oF

Table 1. Operating conditions of GC and GC-MS for analysis of volatile components

GC

Column HP-INNOWAX ( 30 m x 0.32 mm id, 0.25 pm )
Injector 250C

Detector(FID) 260C

Oven program 50C — 5C/min — 230°C (5min hold)

Carrier gas Ns

Flow rate 1 mL/min

Split ratio 100 @ 1

Sample size 1 pL

GC-MS

Column HP-INNOWAX ( 30 m x 0.32 mm id, 0.25 ym )
Oven program 50C — 5C/min — 230°C (5 min hold)

Injector 250C

Ion source temperature 200°C

EI ionization voltage 70 eV

Carrier gas He

Split ratio 100 : 1

Sample size 1 uL
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. AF BAE o18F ANz AxAE AR

(1) I EAH7IE AT A= A=

b A+

A AzAzE AFE SHASE Aud 24y e BE FEASPIA A%

Zo] & ~E}ol Zg x| ot Holstein-Friesian) £ 0. 258 F< 253k A4 992 2A] =242

of FY AF&SATHTA: 0.14~0.15%).

(W) At starter

1 startere FD-DVS  FLORA-DANICA(CHR. HANSEN Co., Denmark

Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. diacetylactis, Leuconostoc

mesenteroides subsp. cremoris)E 95C, 30%3F At A3 10% Y €475 32C=2 Y
ZEAIZL H HEskar, 32TolA pH 45~4.60] 2 wi7=] wjFste] W HastHA AME3HS

2

a3t Starter= FD-DVS ABT-5(CHR. HANSEN Co., Denmark : Lactobacillus

acidophilus, Streptococcus salivarius subsp. thermophilus)S 95C, 30%-7F 2t 283 10%

3 HAHS 2T2 Y7 F HFFear, 42ColA pH 45~460] 2 w71A wjdste] W
4 wastEA ARkt AAfE g F FAE starters Z2H2be] 4kt E MRS
WA Wl K] o) A 4841 7F viF F 8000 rpmol A 10E3F YR F dojzl FAFS Hol A=

E IR

g2 SAH7E Y3 A fr(essential oil)= Dainsoap(South Korea)oll A )3l
Abgstg o, A8 E Ay -f(cinnamon oil, France), A¥ <3 -f(cinnamon bark oil, Sri
Lanka), BF&r(basil oil, Bulgaria)s *[Z= xWHI} X= F9o] 20 L A E5F3ste] 2 A3
AF--38E S
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@ 71EEd
AAfrel Gt dF7EE 9% VIEES e S5 Fda SAbel aAg 4
A AN NESHuT T80T Eedud ¢ 81835 mg/g)e 1Y
Fel 20 pL A 58t

SR
® Age gt

QuA =3t T oA TYT AEE
WMol 20 uL ¥ BRate] B 4ol Agasint

10% B9 Gxfol 32Tk 42CNM it T4 FATS HET F 484205 )
e As e A8

S [e) > =] [e)
)\]—E Q—O O]——TJ— T

(vh) A FALE o]§ ofAota A= Ax AFALA

Table 2. Formulation of experimental Asiago cheese added with antifungal lactic

acid bacteria
ABT-5 ALH ALJ ALS ALD ALT ALL 3524
Raw Milk | o 100 100 100 100 100 100 100
(kg)
Starter
Culture 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
(mL)
Cacl,
20 20 20 20 20 20 20 20
(g)
Rennet 19 19 19 19 19 19 19 19
(mL)
ALAB 0 3 3 3 3 3 3 3
(g)
Leuconostoc citreum KCTC3524, ALD, H, J, L, S, T: antifungal

ABT-5: L. acidophilus, S. thermophilus® &35, 3524:
lactic acid bacteria D, H, J, L, S, T, ALAB: antifungal lactic acid bacteria
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(vh) AT SEFME A8 sA4F AIA= A=z

m

Raw milk(T.A 0.14%) standardization

l
Pasteurization at 63°C, 30min. Cooling at 35C and setting in vat
l
Starter culture inoculation ABT-5, ALAB (1.0%) and CaCl2(0.02%), 50 min
l
Rennet addition(20 time dilution,19 mL/100 kg), 30 min
l
Cutting by cheese knife(3~5 mm), standing for 3 min
l
Agitation at 35C, for 10 min
!
1™ Heating to 40T, for 20 min
!
Agitation at 40C, for 20 min
l
2" Heating to 44°C, for 20 min
l

Agitation at 44C, for 30 min

Standing in vat, 20 min

!
Whey drainage(all)

l

Molding, Pre—pressing by 2~3 times weight of cheese for 30 min

l

Pressing by 6 times weight of cheese for overnight
l
Salting {20% Brine(pH 5.2~54, 10C) 2 hrs}
l
Pre-ripening, surface forming, 4C, 73% R/H, 7 days
Ripening, 14C, 90~95% R/H, 3 months

Fig. 3. Procedure for Asiago cheese manufacture added with antifungal lactic acid

bacteria.
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Fig. 4. Procedure for Asiago cheese manufacture added with antifungal lactic acid

bacteria.
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Q@ AeFAFEE FUAY 7/HeAA= Az

Raw milk(T.A 0.14%) standardization
l
Pasteurization at 63C, 30 min. Cooling at 32°C and setting in vat
!
Starter culture inoculation FLORA DANICA(1.0%) and CaCl2(0.02%), 50 min
Rennet addition (20 time dilution,17 mL/10 kg), 35 min
l
Cutting by cheese knife(10 mm), standing for 3 min
!
Agitation at 32°C, for 15 min

!
Whey Drainage (30% of raw milk), Addition of hot water(72C), 20%
Heating to 38C, for 15 min

!
Agitation at 38°C, for 60 min
!
Pre-press in vat (1 time of wt/30 min; 2 times of wt/30 min)
l

Molding, press by 3~4 times of weight of cheese for 120 min
Put the cheese in tap water(15C) ripening room, pass overnight
!

Salting (20% Brine (pH 52~5.4, 10C) 4 hrs/kg)

l

Drying
l
Apply the grapefruit seed extract on the surface(0~10.0%)

l

Pre-ripening, surface forming, 4°C, 73% R/H, 7days
Ripening, 14C, 90795% R/H, 4 months

Fig. 5. Procedure for Gouda cheese manufacture on the surface treated with

grapefruit seed extract.
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Q® AR EHAY AHAZ A=

Raw milk(T.A 0.14% ) standardization
!
Pasteurization at 63C, 30 min. Cooling at 32°C and setting in vat
!

Starter culture inoculation FLORA DANICA(1.0%) & CaClz(20 mL)
and Annatto color(10 mL/100 kg, 10~20 time dilution), 45 min
l
Rennet addition(17 mL/100 kg), 30 min
l
Cutting by cheese knife(7~10 mm), standing for 3 min
l
Agitation at 32°C, for 30min
l
Whey drainage (40% of raw milk)

l
Heating to 38C, for 30 min, Add of hot water(70~80C) 20%
l
Agitation at 38C, for 10min(pH 6.14)

l
Salting, added 0.196 salt of curd weight
!

Molding, Pressing
l
Salting (18% brine(pH 5.2~5.4, 10C) 4 hrs/kg)

l
Drying
l
Apply the essential oil on the surface(20 plL)

!

Pre-ripening, surface forming, 4C, 73% R/H, 7 days
Ripening, 14C, 90795% R/H, 3 months

Fig. 6. Procedure for Tilsiter cheese manufacture on the surface treated with

essential oil.
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(vh) FAF ZEB7ME AT ofAoluA = EHHTL

@® pH
pH+ a4 A =25 2119 H] & (salineicheese=20 mL:10 g)= & tube
of Yo #27](M. Zipperer GmbH, Etzenbach, Germany)® FH <% 20,000 rpme 2 287+

A3 S pH meter(Istek Model 720p, Korea)S Al-g&3le] dA7|7+E 2 =A g},

A\

ANae AYd Adae FAbti gl A RS 2119 HER £48 FHo Yol i
A7]1(M. Zipperer GmbH, Etzenbach, Germany)E AF&3te] 20TCslolA A=< 20,000
MmO E 287F 4SS 3xd wrE B3] 104 31X 3 05% sodium azide?} H 7 MRS
PG x| ¢} BCP HAH|A S o] €3} standard plate count™ &2 32C e} 42TA 48A17F vl <F
S A colony +7F 30~3007] vERG AS AWste] Alggioh

(y=0.787 x, R*=0.999)

(oh) A F2A FWTF &Y FAAds o8 A= FAF &4
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APAgoz e ndy AeTAFEE] 7 A4S HUte
AFZE=0] PDA B A 7 EZSe R 2 307 4SS BT o
FEES FEE 28590~ 10%) 7F-thx = wHe 13 =323k s oA 7F9-thA
=

W gl 4 AEE s

Pe) o L=

W}E 22l Al f(cinnamon oil), #A¥ 3] - (cinnamon

A 20 uL A 13] =X3 F A H A

o
o
~
Q
jus}
=
>i

O
=
)
w,
Q.
o
)
>
o
N
=5
i)
2
rUQ

2. A 2 Adx= (2013)

7h 33 24 g

(1) A7 &4 FaATedA deHZd e a4 &4

hH AT FA [T A genomic DNA &

AR A 5 A ZAdo] 7HE 2 #Aket ALHE 2 mLe MRS o A uf %] o
2% HEskaL 30TColA 24417 et $ 442 (8,000 rpm, 5 min, 4C)sto] dAE FHAA

Attt AAE 7AZHEE genomic DNAES F%3}7] 939 Dokdo-Prep™ Bacterial Genomic

DNA  Purification  Kit(ElpisBio, Korea)E ©]&3ttt. F&%  genomic DNA+

H
l

spectrophotometer(Biochrom, England)S Al-&3te] &

1.8-2.0 AtolQl DNAE A&l o] &3}3

= =Asd o, 260/280 nm kO]

(Y) Primer A%

Lactobacillus sakei Ageo] A= wreElgleslo® d#zl sakacin P(GenBank
accession no. Z48542)°] F 1A A7IAMES o83t primers A 2FeS AL, primerd] ¢ X &=
A1 Fol AT AP AFESE primere (F)ulo] 2 1folol| o E]ste] st w100
pmold] FEZ -20ColA A&3te] 20 pmole] TE=E 3A3te] A&t} tHTable 3, Fig. 7).
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Table 3. Oligonucleotide primers for PCR amplification

Base

Primer Name Oligonucleotide Sequence (5'—3") Tm (C) Location
Length
Forward ATGGAAAAGTTTATTGAATT 421 20
2813-2998
Reverse TTATTTATTCCAGCCAGCGT 515 20

M E K 3
ctggeotggogtaaagtatgetttataaaataatatataggagtatgattetaatggaaaa 2761
F I E L 5 L K E VvV T A I T 6 GLK ¥ Y G N 23

cleavage site
gtttattgaattatctttaaaagaagtaacagcaattacaggtggaaaatattatggtaa 2821
——
G v H ¢ 6 K H 5 € T VvV D W 66 T A I G N I 43
cggtgtacactgtggaaaacatteoatgtacegtagactggggaacagetattggaaatat 2881
G N N A A A N W & T G G N A G W N K * 61

cggaaataatgecagetgoaaactgggocacaggeggaaacgotggotggaataaataata 2941

agcaaaacttaatttagatttaaggacteototateatttgatggggattttttagettat 3001

Fig. 7. Nucleotide sequence and deduced amino acid sequence of the cDNA encoding
the preprotein bacteriocin sakacin P(GenBank accession no. Z48542). PCR primer
positions are indicated with horizontal arrows and direction of arrows indicates
sense/antisense orientation. The cleavage site between pre-sequence and mature
bacteriocin is indicated by a vertical arrow. The stop codon TAA is marked with

an asterisk.

(th) PCR w¥H&

PCR& PTC-200 DNA Engine(Bio-Rad, USA)& ©°]-&3t3l1, PCR

2=
oo
2
rlo

()

AccuPower™ PCR premix(Bioneer, Korea)E A43+e], 50 ngel genomic DNA 1 uL$} 2

N

Yo HEHY 20 wt HES HESRT
£ F7FetAth PCR Wh-&x2 95CelA 5&3F Al &, 95TClA 30%, 47CellA 30%, 72°C
ANA 18-S 3038 st o, vpxleto g 72T A 583F ¥g-3ste] PCRS F439th PCR
2HES 1.5% agarose gelol Al 71952 AA$ & ethidium bromide® 48t UVZE wHA

AA FE o R 2718 FAsYL

c

pmol®] forward % reverse primerZS Z+7b 1 u
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(acetic acid), Z=Z23]-24Hpropionic acid)& A o2 A gste] FBol tst A5 A3NE paper

disk HE& Abg3)] &dstsit)

N
5} S paper disk B AR&3] H] L EkgTh

o,
_0|L
X,
BN
o
_0|L
2
g
o)
2
£
rot
ot
)
£t
ik

@ f714d I3 &4 vl
G4 el RO w2 FXTF A4S Hustr] 98] 2 Atlactic acid), oFAEAE
(acetic acid), Z 23] 2Hpropionic acid)®] =& 77 15%= =4 3 b3 FBel tjsgk &3

T A S paper disk HE AFga] B wsl

AN

(3) ¥ E49 EATE €497t

o

=

A4

T
(6,000 xg, 15 min)3le] 3|53 FeHS 045 ym membrane filter Alvtsle] 2T =

Hz
o

ALHEZ 100 mL MRS o Aufx|o) A 37C, 24175t Fxujdks 3 4

ﬂlﬁ
[UO

At 2T EHo] E3E A5 HAE Centriprep YM-3(Millipore Co., Billerica, MA,
USA)E ol &3] dAEZ (3,000 xg, 15 min)stal 2= 3000 Da ©]d3} o]ste] £ o= 7z}

ZF Uro] =4 dAx3 T 20 mM sodium acetate(pH 4.0) ¢Edo)] ZHo] 10v) 5= wj &=

a8 A= FBOll tigh axld &S Paper disk W& AH&3te] S5kt

(4) 33T A 7T G AT =229 A, FAs R I 24

Ao AFEE A2 ALHE, &7 &4971E 9 Zol= FBE AR&3stSith
T3k Fakst 9 RS fs AFEE A AEFRAW 26479 3F 9] AIEF(AGS,
HT-29, HepG2)+= St A X238 (Koean cell line bank, Korea) 2. ZF-5 &Egwtol Je & &
Zsl™ 103 olst=E Aldiu st MEE ARSI T ZF AlXF= 10% FBS(Invitrogen, USA)

rok
K

7F #7Fg DMEM(Invitrogen) ¥A| S Al&3Fo] 37T, 5%2] CO, v} %7](Vision, Korea)ol A 2
~3dwte} Ade gt A3l ARE-sFS T
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() A& Az

Frabet w2 MRS A =]ol ALHE 2%(v/v) &3t 37Tl A 48417t vl &gt
2 10%(w/v) A9 E2E SRl
303 AAZ 5 100CTANA 1A F=38ko] A4+ 2 (10,000 rpm, 10 min, 4TC), Al¥ F45
=52 10%(w/v) Ad B¢s FA- 24A17F HAg & A #2](3,000 rpm, 10 min, 4C)3}
Atk 2E FEES AY EFEES 10%/v) #F7HgE MRS dAw Ao ALHE 2%(v/v) 3
Fato] 37ColA 48A1F st &= A E2(3,000 rpm, 10 min, 4C)3tA. =4 FEES
ALHE 48A17F vl kdt wjekoo] Alm B2 1%(v/v) 4TCAA dFA3r SAsIATE Ay

o
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ol
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e
A=)
it
i
HHN'

AEZEL Y BFHee] FAL AN AY BEEE BE FE2E U H4 FEEL
SAAZIL. AT MG A BREEe B Ay F:432EE wE 22E 2 %
H FEEe FAd gal-ovale] Adol AL AT

7y A gme FH T AL paper disc WHS o]83te] et PDA H gHuj x| o
FBE AHF3sto] 25ToAl 48217 vl sl xAE PJAstA shal, ol & A7 49
T ddslete] Hi A== A9k FB o342 5 mLe FF-8 PDAd 3435t 53

T Ao 1027 3tk HirE paper disc(0.6 mm)ol ALH w#f<fed, A
F =l i

ules
o
=
ot
)
r

2
H

EFEE
g4 A7 F 1A

FaujA] ffell agstdth. 25TCol M 48413 wjsto] AAH = ASAA S
ol

() st 274

@®© DPPH #dHZ &7 &4

ALH wjgae 5528 (0~10 mg/mL)=E gA3ste] 96 well plated] 50 pl 4 &F3faL
o k2o =91 100 yM DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma, USA) €2 150 uL 2 #
Zhekinh Ad2ollA A e = 303 W12l - ELISA reader(DYNEX, USA)E ©]&-8to] 530

nmelA FHEE FAATE 2 Alge o DPPH 2tz &7 @48 A 85 #H7shA] &2
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@ ABTS #@oz &7 €4

7 mM ABTS(2,2'-Azno-his(3-ethylberzothiazoline-6-sulfonic Acid, Sigma, USA) €43 24 mM
potasium persulfate(Sigma, USA) §-4-& &3tste] 16A17F &<t 23 3ol ABTS -5 A7 &
ELISA reader® 630 nmolA F3%=E5 SAst] F3%= kel 0.7x0.027F W == 3453t
ALH wWig94S 523 (0~10 mg/mL)Z 3]243dte] 96 well plateo] #5312 34¥ ABTS
gHS Zgow 7lete] 630 nmol Atk ZF Alsel g ABTS @tz A&

A
A gHe ARE WA B HETY FREG vaste] adze et

ol

ol
w76

,d
k1
Ll
Ay
o
ol
2

ALH vjeFad& 10 mg/mLe w%=& 3]A3lo] xanthin oxidase activity assay
4359, X0 &4
< H029 3lAl sz bt om, 0.1 mM7EA] 264 3]Alete] A2 FFE=r4 3 vlasho

Aksted e,

0~
kit(Biovision, USA)E ©]-&3}o] xanthin oxidase(X0)¢] &4 AL

i

|

@ SOD &4

ALH w%9dS 0~10 mg/mLe s=% 343le] EpiQuik superoxide dismutase
activity/inhibition assay Kkit(Epigentek, USA)E ©]-83}9] superoxide dismutase(SOD)e] €4 A
L5 SAsth SOD9 %+ 10 UmL 74A 284 gAlste] A2 BF=3d3 vlaste] ALk

s

® NO B4 A &4

ALH wjeFelo] RAW 264.7 A3l A LPS A=< S8l AA =T nitric oxide (NO)
2 A3 F g=x BA3l7] 98 RAW 2647 AEE 96 well plated] 4x10° cells/well®] 4
= Al kst 2443 QEASIA Y. AEEAE Ade Sl A4S HolA ¥ v& (075
mg/mL) = ALH #jeFols 3]4ste] xe]star 2417 % 1 pg/mL LPS(Lipopolysaccharide, Sigma,
USA) A=S FAth 24A17F 934171 & vfFE 100 uLot 532 Griess reagent(Promega, USA)
£ #7Fste] ELISA reader® 530 nmollA 355 F43Hth NO9 5X+ sodium nitrites ©]-&
sto] 64 uM7EA] 2804 8| Alste] A& EFEFA I vlaste] AlLkerslnt

(v dAZE ZF A4A &4

ALH wiFoo] trFat hAlEe Aol vA= 9&Fe aAQdstr] Ad Ad Axs



(AGS), ddet AEFMT-29) 28 ke AEF(HepG2)E 72t 96 well plateo] 4x10°
cells/well®] = Alujgstar 24413F HASEAIZATE ALH wiYFS 0~10 mg/mLé] §==
8| A ale] xglstal 24, 48 Al7F & PrestoBlue™ viahility reagent(Invitrogen, USA)AI2FS 10 ul 4
7Fekde). 1hS- 20+ $ ELISA reader= 570 nm(reference 600 nm)oll Al &3 =5 43R oM A2
o] T4 Axke 79 FFE0 e WEEE et

\e

=2 clevenger type apparatusE ©] 83 53579 (hydrodistillation) &2 F&3}% 0.1,

Hg 2 v 2k 243 AY 50 g& ToEEtaAcd ¥,
7}

4
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o 2 syringe filter (0.2
um, Chromtech)E ©¢|&3lo] ETES AAS L +&& 4390w, =% A fr(essential
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+% Ar(essential oil)e] I AFo] F24LS GC(Agillent 6890N, Palo Alto, CA,
USA)2} GC-Mass(GC-MS QP2010, Shimadzu Co., Japan)E AF&3t o™, GC-Massell 2] 3l
2 ¥ peak? A2 mass spectrum library(NIST 27, NITS 147, Wiley 7)ol A3t A
sttt A AEEAS g GCoF GC-Mass®] 252712 table 13 2t

U 337 =4

Lo

Az R HF] H& 7heAdHE7L

(1) FJF A AT d Qe AT 29 AUARH

LI F Azl AHSE Afe dAAY HETtl A ZAfete] AbgEion, Ay 4

B2 A B8 10%5 T80 24A3F JAA g & oAFsto] AMESAT Akt AR

Akl ALH® A YF-L812(Lactobacillus  delbrueckii  subsp.  bulgaricus,

Streptococcus thermophilus, Chr. Hansen)Z 10%¢] Eir A fol 23] FiF v %ddte] A8}
ATk

BEF AxE Aete] dfol A" 5%% AY FAFE=S FUbste] £33 F 90T
o A 1027t 4betstal, 43TColA Wzbstadth o]l % ~EHE 1% HEste] 40Tl A pH7L 4.6
ol & wj7}A] 6~8A%F Ft HiYFE AT pH7E 460 =dg zhzbe] WHE f= o]F 15T7HA
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Raw milk Sugar Cinnamon extracts
(T.A 0.14~0.15%, pH 6.8) (5.0%) (0.02% ~1.00%)

Mixing

Pasteurization at 90C, 10 min

Cooling at 43C and setting in fermentation

Starter culture inoculation 1.0% of
YF-1L812 and
ALH(1.0:0.0, 0.7:0.3, 0.5:0.5, 0.3:0.7, 0.0:1.0)

Fermentation (40C, 0, 2, 4, 6, 8 hrs)

Cooling at 15T

Storage (4C, 0, 7, 14, 21, 28 days)

Fig. 8. Procedures for the manufacture methods of fermented milk with lactic acid

bacteria isolated from Kimchi using cinnamon extract.
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Statistical Package for Social Science(SPSS, version. 12.0)
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(2) ¥ & 7T W

7hH A=

tef 3

Auj Aol ALHES 2%(v/v) HE3

ol
ol

MRS

bol Abgstgich 73]

5]

A1 82](3,000 rpm, 10 min, 4C)

2]

ko3
T

3

TColA 48X vl &

1]

<)

(10,000 rpm, 10 min, 4C)

Al
=

2

ke3
T

}

CEL!

of 2447t

g

s

=
T

H ul o
T aE=

10%(w/v) A3

KN
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47} (Daehan, Korea), £ EY (Hains, Korea), ©]Z=E(Jenico
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Foods, Korea), ¥ (Samyang, Korea), 4% (Doyumwon, Korea) % & A& (Seoul Milk,

Korea)= AlZFol A F5to] A}8-3< ).

(W) w2t A Ay FZFES J7ME 4% A=

[e]
Ao A

=

=S A8kl AxsATE A= table 49 o] ZFEE 1,200 g
H B 700 g& VIRoR stow, frakd wjddd Ay FAFEES A FFY] 256%E
700 g walate] Hrbeda, ik g Aln FHAFEES HAUsHA G2 NS
ZTE st ow, Ak g AY FAFEE H7F HlES 100:0(A A R), 75:25(B Al
), 50:50(C A=), 25:75(D A &), 0:100(E Al 2)2 atAt} o]9lo] 4 o]~E 60 g, A& 72

F 18 g 4B 36 g % EARH 48 g% A8

i

Ol

tm RS i

.

s
£
rlI,
AN
rlo
2
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|o
fr
0o
Mo
o
o 4
ot
>,
oy

LEYS HUbete] $E5 o b aela Ko R 583 EFei 1A ¥ E =
<

H

N

@)
o ol

HI 7% A 40R3E SIS, 180 g RTke] FIely] B F I5EI F BEE A

th ol 3 A&t 2% 38T, 5% 8% TaANA 40&3F 23 TEA A, SlE 200C, o &

Table 4. Combination percentage of bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract

Materials Control A B C D E
Wheat flour 1,200 1,200 1,200 1,200 1,200 1,200
Shortening 36 36 36 36 36 36

Sugar 72 72 72 72 72 72

Salt 18 18 18 18 18 18
Nonfat dry milk 48 48 48 48 48 48
Yeast 60 60 60 60 60 60
Water 700 670 670 670 670 670

@ 0 30 22.5 15 75 0

@) 0 0 75 15 22.5 30

D: Antifungal lactic acid bacteria culture medium

@: Cinnamon ethanol extract
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(th) Ame] 7, 23, w44 2

ALH wga s An FAFEES H7keh Ao A= ws 78 & A4 Wy
3 & S35, Fus FAXIMHoRE SAHAT W] H &4 o] Ry(mL)E W9
AR e ArEAT. #718488 b9 2oz Askstdnt
s S (g) - 2 T ()
w7l (%) = x 100
Wb 9 (g)
() Ao +E34F FA
ALH Wy Ay FAFEES H7kgE Ao ¢REHFS Aprtdidxzfo=z =
RciRes =

(7h) %9 pH 574

=z==2 X~ = 1OHH %]_

ALH Wi a Ay FHFEE5S A7k Ao pHe A8 3 goll /T 5
925 pH/ion meter, Fisher Scientific, USA)Z =43}

3 aWReE v pH meter(Accument

.

o,

>,

M
> W

r>~

w2} lactic acidimg%%)® FEA| 3FA .
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V x F x D x 0.009
274 A= (mg%) = x 100
S

V 1 0.0l N-NaOH &< ¢] %74 4n]ZF(mL)
F : 001 N-NaOH &°fe] 97}

D : g Auj=

0.009 : Lactic acid A5 3k
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ki

ALH ®j&dy Ay FAHFE==S

Japan)E& A}&-3to] L(WMAE) a(H M%) b(EAE) 3hs FA33

= AAA(JC 801S, Tokyo,

(oh) el B4 =7

ALH w3 Ala 83525 H7Ee Ao B4 W F4 795 2x2x1 cm=®
HAeksle] texture analyzer(TA-XT2i, Stable Micro System Co. Surrey, UK)ZS ©]&3}]
TPA(texture profile analysis)® =43ttt Compression force?] ZHZAL test type:
measure force compression, test speed: 0.1 mm/sec, strain: 50%, probe: P/45° 2 3}t ¢
o] 54 F A% force-distance curveZF-H AWe] 7% (hardness), F24 (adhesiveness),

gte] A (springiness), &% “d (cohesiveness), % 2Hd (gumminess), % 3/ (chewiness)?] H i #tS

(ZF) Ao #5HAL

ALH wjgelst Alv F4522¢ 7ha el #aas SAuska ze vty
B 173 ddoz XA 7 ARe &7 drEelA A9
£ BASEI, A EAE FANR Stk ARE Brker] del ARe] SAe

|Zste] £t 4zhe] £348 Fol7l Ad MRS AR Aol 42 AF  UES 5H

>
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8
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=(20:10)% e fHe 3 Aweda, 2~33 A= S5 o ws =
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V : 0.01 N-NaOH &9] HA v % (mL), F: 001 N-NaOH &2 7}
D : A4
0.009 : Lactic acid A5~ %k

S AEAAF

() AF T Ao A FH

ALH #gA 3 A9 FAFEES 3J7He AW Ars 25 20T incubatore] A 0,
1, 2,3 4 % 5¢d &< AGstHA BAAoRE A5E AAS ] MAAE A&t LA E),
a(AA %) b(FAE) 3ts S48

(vh) AR F Ao EH 53

ALH v} Ay FHFEES H7Ee Ao 2428 % 5CT9 incubatorel A4 0,

1, 2,3 4 % 5d 5 AFstdA Aoz ARE AFste] W T4 FAE 2x2x1 cm=

HAekslo] texture analyzerE ©]&3te] TPE =A3F vl Compression forced] ZAHZAE

i

test type: measure force compression, test speed: 0.1 mm/sec, strain: 50%, probe: P/452.
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BEe] W
=e (1)

3
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o
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o
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o
)
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g =€ (2)

2ol o] 24 Hu A% (limiting modulus)E 5ColA 543 A & HAEE At}

A (2ol Adzas AHERaE FHahd tga 2

In(E,—E,)/(E,— E,) =—kt" (3)

log[—In(E,—E,)/(E,— E,)| =log k + nlog t 4)

Avrami A (n) logZ ®AE 4 (DolA logl(E, —E,)/(E,— E)l(y/%)< log #(x5F)°l H
st Ha = Yeid aeze] 772 F3FSTh

4 @elX AAzaE Astd gt 2t

In(E,—E,)=—k"+In(E, - E,) (5)

SRS E WY GRPE h(E,-E)% A% 12 Ho2 @ agse) /gl 7

(Ah WAE FEF 53

H
oZi

ALH vkt Alw =& H&S 223 AWS PES A "ol 25T B

- T
ShEA A% NEE MR FR5E SPsAh AWS 10 g8 AAste] BT FFRS 9

S

mLE #H7}ste] ~EnRA (AESAP1069, AES Chemunex, Bruz, France)® 30%%F A 3AA
of 10v) Aoz s & 1 mLE F 3l PCA H3Aw|A| o] HLdstA =E3star 30Tl

Q3 WFshe] FH4E At

<

2
w

o
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ALH wj%oiz} 7 %
st A 7R #ge] #aE SASAT AMS 10
mL A A7lEn 2EvAR 30237 dFAAA 109 HAMeR F F
PDA Zaufx]o ddstAl meatlvh 25Tl 5d3F st wgo] ds S48t
HE7|7F A

F7lel WA S j 19 134 #Este] wgo] HAFFE AU
(4) FAF FAHNE 93 (= A=Z
7h A+
A A=Az E s sXdsta Al st e FE sEAbs Ol AL
<<l 28l A QHHolstein-Friesian) & . 258 T4 i3k A 75 SAA= A%

of 3 A& THTA0.14~0.15%).

(W) A Starter

ol

Al A=QL TR a AR =e "IXE A= F23 Starter=  FD-DVS
FLORA-DANICA(CHR. HANSEN Co., Denmark : Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. diacetylactis, Leuconostoc mesenteroides subsp. cremoris)E

f+ 100 L ¥ 25 g& HFstF o, Zrtex 2o AF83 23 {4kt Startere= FD-DVS

ABT-5(CHR. HANSEN Co., Denmark : Lactobacillus acidophilus, Streptococcus salivarius

subsp. thermophilus) ¥ 100 L & 25 g& HEsrdoh &+ &4 fAiket Starter= Z+H7}
o] fFAkTE MRS A w2 o] A 48A17F vl ¥ 8000 rpmolA]l 103F A& & dofx

pellets o} 100 L @ 3.0 g& A= Azl AR&3H3ATh

(th) AdE=d T 84 =2

O A
PR FAHNTE 93 A fr(essential oil)¥= Dainsoap(South Korea)oll A ) 8l
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Abgstg o, AFg9 Ay -f(cinnamon oil, France), A3 <3 (cinnamon bark oil ,Sri

EH I A= F9el 20 uL A sk 2 APl

=5

Lanka), H}2-(Basil oil, Bulgaria)S =

g3

@ AY FA32=E
A FAFZEL 10%(wA) AY Be Fgo 4AzH AAT F A4 H (3,000
3k

rpm, 10 min, 4C) ¢ % 7¢f FF3te] FAHES LA AT

1

ARzl 2AF AANDEANN AxF Medi Av

5=
Mo
e

(100%)= x=o| A 7}3h
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(B T @4F7tE A4 A= A=

O AdFo AY =7 2d A 7oAz A=z

Raw milk(T.A 0.14%, 100 L) Standardization
l
Pasteurization at 63C, 30 min. Cooling at 35C and setting in vat
l
Starter culture inoculation FLORA DANICA(2.5 g) and CaCl2(20 mL), 60 min
l
Rennet addition(20 time dilution,19 mL/100 kg, 30 min)
l
Cutting by cheese knife(8~10 mm), standing for 5 min
l
Agitation for 30 min
l
1™ Whey Drainage(30%)
l
Add Water at 70C, and Heating to 38C
!
Agitation for 60 min
l
2" Whey Drainage(30%)
l
Molding, Pre-pressing by 1 times weight of cheese
l
Pressing by 6 times weight of cheese for 90 min
l
Salting{20% Brine(pH 5.2~5.4, 10C) 4 hrs}
l
Drying
l
Apply the cinnamon and cinnamon bark oil
309, 60%, 90% on the surface(20 plL/40 crf)
l
Pre-ripening, surface forming, 4C, 73% R/H, 7days
Ripening, 14C, 90~95% R/H, 2 months

Fig. 9. Procedure of Gouda cheese manufacture on the surface treated with

cinnamon and cinnamon bark oil.
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@ AY F4 FEE ZTUAY 2rfxeA= A

Raw milk(T.A 0.14%, 100 L) Standardization
l
Pasteurization at 63C, 30 min. Cooling at 32°C and setting in vat
!
Starter culture inoculation ABT-5(25 g),
Lipase(2.25 g/100 kg) and CaCl»(20 mL), 15 min
l
Rennet addition(20 time dilution, 19 mL/100 kg), 30 min
!
Cutting by cheese knife(5~6 mm), standing for 5 min
!
Agitation for 15 min
l
1** Whey Drainage(20%)
l
Add Water at 60C, and Heating to 46C/50min/pH 6.1 ~6.2
l
2" Whey Drainage(ALL)

l

Molding, Pre-pressing by 1 times weight of cheese
l

Pressing by 6 times weight of cheese for 90 min
!

Salting{20% Brine(pH 5.2~5.4, 10C) 4 hrs}
l
Drying
l
Apply the cinnamon ethanol extracts on the surface(2 pL, 1~4 times)

l

Pre-ripening, surface forming, 4°C, 73% R/H, 7days

Ripening, 14C, 90~95% R/H, 2 months

Fig. 10. Procedure of Romano cheese manufacture on the surface treated with

Cinnamon ethanol extracts.
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@ A EL¢s A HdAH A= Az

Raw milk(T.A 0.14%) Standardization
l
Pasteurization at 63C, 30 min. Cooling at 32°C and setting in vat
!

Starter culture inoculation FLORA DANICA(1.0%) & CaCl2(20 mL)
and annatto color(10 mL/100 kg, 10~20 time dilution), 45 min
l
Rennet addition(17 mL/100 kg), 30 min
l
Cutting by cheese knife(7~10 mm), standing for 3 min
l
Agitation at 32°C, for 30 min
l
Whey Drainage (40% of raw milk)

!

Heating to 38T, for 30 min, Add of hot water(70~807T) 20%
l
Agitation at 38C, for 10 min(pH 6.14)

!

Salting, added 0.196 salt of curd weight
l
Cinnamon powder addition (1.0%, 2.0%, 3.0%, 4.0%)

l
Molding, pressing
l
Salting(18% Brine(pH 5.275.4, 10C), 4 hrs/kg) and
Pre-ripening, surface forming, 4°C, 73% R/H, 7days
Ripening, 14C, 90~95% R/H, 3months

Fig. 11. Procedure for Tilsiter cheese manufacture added with cinnamon powder.
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() T SHHME AT A= EARTL

@® pH
pHE A2ld 249 (=5 2:19] v & (salineiccheese = 20 mL : 10 g)2 #3-&
tubeoll Yo} & 7](M. Zipperer GmbH, Etzenbach, Germany)® H <%= 20,000 rpml 2 2

78 743 t}e pH meter(Istek Model 720p, Korea)E Ab-&3to] AdA 7| 7bE R =A%)

Q@ At

ANae AeF Adasst fFAI G ARE 219 HE
A71E AbE3ste] 20Cetell A HAEHEQ] 20,000 rpmo2 2:33F #2 S 33k vk 25t
1071 8]4 % 05% sodium azideZ} #7F¥ MRS H#ujx]e} BCP H#A#AE o] &
standard plate countf &2 32T} 42T A 48417 vlF = AAHH colony F7F 30~30071
el A Addste] Algskaith

O

@ T84 AL} E FHF W
%A 84 2A433E (Water Soluble Nitrogen, WSN)2] A Al WH3l= %

4~

=5 gdl 7 20 mLE ¥ 24 ¥ #dsE AAT § Feds AFedan, A5

filo
=5}
FN
i
i)
ot
_C;L
£
=5
M
A
2
o
riot
2
of{
1>
o
ne
2
>
ofo
_0|L
2
T

5o AL tyrosine (Sigma)e

(y=0.787 x, R*=0.999)

@ #5377t

719 f(cinnamon oil)¥ B} f-(cinnamon bark oil)E 23 7}-$-thx =9 5 HA
© A= AR B FEI A, §of, B dE w45 A XU FEAd
b it g SRA 168 S W o® AASAT AlRe 54 85 AEE AMESHA
o 7} A2 tdte] F29 2 Dairy Sweet, Salty, Cinnamon Flavor, Bitter, Dairy Sour,
Flavor, Total Taste® 94 A AHWE ALg3le] AAstgon zhzh 2 Aste] Z7|8E2 st

(Table 5).
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Table 5. Sensory evaluation rating table for the Gouda cheese on the surface

treated with cinnamon and cinnamon bark oil

1 9
2 3 4 5 6 7 8
b 9= et} g3 <ot
(Dairy Sweet)
1 9
2 3 4 5 6 7 8
2t wp A ok ks Aok
(Salty)
5
1 2 3 4 6 7 8 9
&3t A =
3] o} HE Rixds ok7F B3 o} ¢
& ) &3] IS5 S ° 55 ) -$-
. oFalt) oFs}ch oFs}ch oFs}ch 73k Z&stet 73k AR
(Cinnamon) ort}
1 9
N 2 3 4 5 6 7 8
=t 27 gt} ok 2t}
(Bitter)
1 9
2 3 4 5 6 7 8
A8k A A &t gie3] ATt
(Dairy Sour)
5
1 2 3 4 6 7 8
s 9
3 o) &3] o= HE Rixds iy HnE o=
Fm| HAAE kel Folgt
#3013 #olsh #osh 2ok o3t Zo}g o3
(Flavor) e
5
1 2 3 4 6 7 8
i A= 9
A A o) 3] o} HnE oFgt ofzt HE ot
HAAE kel Folgt
AE= {3 # #osh Ho1% o3t =o}3 o3
[SI e
(Total Taste) o
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A 2d dFUYE 9 23
1. Al 1 9= (2012)
7F 3RAF A

(1) F%ole £ £ &4

PAAS FrhedAE 23F Ul A= AAJA AN 54 T A =ef s dedA

Hj Aol mkako] 25TCol A 48413 &<k Wi kR H, @
AEs Ao A= dEsAY. 2 A3 gSFd T wdolEel LT wiA WelM #
ZEdon, o5 33 g wdste] wA= PDA HauA B YM HAuf]o] HFFste] 25T
oA 10L43F Wi & FdAnFor A 2 xAFHE AFsAT. ol dH, A
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Fig. 12. Fungi isolated from cheese and cheese ripening room. FATFH: fungi A"H
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h) BT 373

A3 FA #3o|ie Penicillium solitum strain, FB+= Penicillium brevicompactum strain,
FC+=  Penicillium commune 1isolate, FDY¥ Penicillium roqueforti FE+ Penicillium
echinulatum, FF+ Penicillium polonicum, FG+ Penicilum solitum, 2123 FH+
Cladosporium sphaerospermum®.% Z}Z} A A, Hag FFoli+ [FL TAH F
Penicillium solitum strain FIO0l, Penicillium brevicompactum strain FI02, Penicillium
commune 1isolate FI03, Penicillium roqueforti FS04, Penicillium echinulatum FS05,

Penicillium  polonicum FS06, Penicillium solitum FS07, =813  Cladosporium

sphaerospermum FSO3Z 7+zr wwalo] Aol A3 tH(Table 6, 7).

Table 6. Identification of fungi isolated from cheese and cheese ripening room

18S rRNA sequence

Strain H Nomenclature
omology L
Scientific name
(%)
FA 100 Penicillium solitum strain P. solitum strain FIO1
FB 99 Penicillium brevicompactum strain P. brevicompactum strain FI02
FC 100 Penicillium commune isolate P. commune isolate FI03
FD 100 Penicillium roqueforti P. rogqueforti ¥S04
FE 99 Penicillium echinulatum P. echinulatum FS05
FF 100 Penicillium polonicum P. enicillium polonicum FS06
FG 100 Penicillium solitum P. solitum FSO7
FH 100 Cladosporium sphaerospermum C. sphaerospermum FSO08

FA~FH: fungi A™H
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Table 7. Contig summary for identification of fungi isolated

ripening room

from cheese and cheese

Strain

Contig summary

FA

Query

Start

5

End

576

Description

Penicillium solitum strain 20-01 185
ribosomal RNA gene, internal
transcribed spacer 1, 5.85 ribosomal
RNA gene, internal wanscribed
spacer 2, and 285 ribosomal RNA
gene, complete sequence

Subject
AC Length

ING42222.1 5683

Start

1761

Score
End Bit

2332 1134

Identities
EV Match | Total Pct.(%6)

0.0 572 572 100

Strand

Plus / Plus

FB

Query

Start

End

Description

Penicillium brevicompactum strain
KUC1628-1 185 ribosomal RNA
gene, partial sequence; internal
transcribed spacer 1, 5.85 ribosomal
RNA gene, and internal transcribed
spacer 2, complete sequence; and
285 ribosomal RNA gene, partial
Sequence

Subject
AC Length

HM4568408.1 1136

Start

1

2

End Bit

1102 = 556

Identities
EV Match  Total Pet.(%6)

0.0 563 64 a9

Strand

Plus / Plus

FC

Query

Start

2

End

53

-1

Description

Uncultured fungus clone LO4GO37-
122-075-C01-unis 185 ribosomal
RNA gene. partial sequence;
iniernal transcribed spacer 1, 5.85
ribosomal RNA gene, and Internal
transcribed spacer 2, complete
saquence; and 285 ribosomal RNA
gene, partial sequence

Subject
AC Length

JE2BO11T.1 602

Start

33

Score
End Bit | Raw

1047 | 528

Tdentities

EV  Match Total Pet(%)

0.0 528 328 100

Strand

Plus / Plus

FD

Start

1

End

552

Description

Uncultured Trichocomaceae partial
18S rRNA gene, ITS1. 5.85 rfRNA
gene. ITS2 and partial 285 fRNA
gene. clone F260209_FK3

AC Length

FN680591.1

Srart

367

End Bir

16 1004

wn
[}

EV March  Total Per.(%)

0.0

wn

52 35

e}

100

Strand

Plus / Minus

FE

Srart

40

End

599

Description

Penicillimm solitum strain FRR 937
185 ribosomal RNA gene_ partial
sequence: internal transcribed spacer
1. 5.8S ribosomal RNA gene_and
internal franscribed spacer 2.
complete sequence: and 285
ribosomal RNA gene. partial
sequence

AC Length

AY373932.1 610

Start

1

wn

End Bic

EV March Total Per(%)

00 559 560 29

Strand

Plus / Plus

FF

Start

1

End

Description

Penicillium sp. BMP3038 185
ribosomal RNA gene, internal
transeribed spacer 1. 5. 85 ribosomal
ENA gene. internal transeribed
spacer 2. and 28S ribosomal RNA
gene. region

AC Length

HQ$32005.1 612

Start

46

End Bit

608 1116 563

Total Pet.(%)

00 563 563

100

Strand

Plus / Plus

FG

Start

1

End

563

Description

Penicillium solifum strain FRR 037
185 ribosomal RNA gene, partial
sequence: internal transcribed spacer
1. 5.8S ribosomal RNA gene. and
internal franscribed spacer 2.
complete sequence: and 285
ribosomal RNA gene. partial
sequence

AC Length

AY373932.1 610

Start

1

2

End Bir

1116

w
=)
b}

EV March  Total Pct.(%)

0.0 563 563 100

Strand

Plus / Plus

FH

Srart

1

End

517

Description

Uncultured Cladosporium clone
G19p6 18S ribosomal RNA gene.
partial sequence: internal transcribed
spacer 1. 5.8S ribosomal RNA gene.
and internal transeribed spacer 2.
complete sequence: and 285
ribosomal RNA gene, partial
sequence

AC Length

GU327428.1 532

Start

8

End Bit Raw

524 1025 517

EV Match Total Per(%)

0o 517 517 100

Strand

Plus / Plus

FA~FH: fungi ATH
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Table 8. Reference strain used in this study

Indicator strains Reference
Leuconostoc citreum KCTC3526 KcTCY
Lactobacillus curvatus KCTC3767 KCTC
Leuconostoc lactis KCTC3528 KCTC
Leuconostoc carnosum KCCM40458 KCCM™
Weissella cibaria KCTC3807 KCTC
Leuconostoc citreum KCTC3524 KCTC
Leuconostoc gelidum KCCM40460 KCCM
Lactobacillus sakei KCCM40264 KCCM
Leuconostoc mesenteroides subsp. mesenteroides KCTC3505 KCTC
Lactobacillus saker subsp. saker KCTC3603 KCTC
Leuconostoc gasicomitatum KCTC3753 KCTC
Leuconostoc mesenteroides subsp. mesenteroides KCCM11325 KCCM

1

(2)

KCTC: Korean Collection for Type Culture

KCCM: Korean Culture Center of Microorganisms
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() ARAAMY 747 28 R FH

st AqelA] FR AAEREH F )
Z B3 F 7S gxbzbgrol H7bE MRS H#uj Ao mwste] 30TolA Hgst
o] MRS-CaCOs ;LA A] delA] AF Ao we FH3s JAshe=
of Fegge] AFHALh FHIS el #7ES w2 228t BCPE X§3 MRS 3
2 Lwsle] BCPO HaA wijx7F w@kdMo=w Wal: s #3S 7h7)

Astel WAE T detel &5 fakite] Aol wWzhx] MRS A Ao 33 wstel
5=

g3 fAbE 29% S LJoOlel A 0292, AR Ao Ed Fakd 65 L1030 A
LI035, A7 %=X Ao B3 FAF 428 LGy036°] 4 039, Fokx 7Ax oA &k

Akt 455 LGw040ol A 044= g sto] Aol A&kl th(Table 9).

Table 9. Lactic acid bacteria isolated from Kimchi

Lactic acid bacteria Collection site
LJ001~029 Jeonju
LI030~035 Imsil

LGy036~039 Gyeonggi
LGw040~044 Gwangyang

LJ: Lactic acid bacteria from Kimchi in Jeonju, LI: Lactic acid bacteria from Kimchi in Imsil, LGy: Lactic acid bacteria from

Kimchi in Gyeonggi, LGw: Lactic acid bacteria from Kimchi in Gwangyang
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12F<

7hH BEEFAEY] 3T 24

(3) AT FAH7}
7V& 49 Leuconostoc citreum KCTC3524 4kt o] FB &3%o]1fo] tof

brevicompactum strain FI02)ol o sk

=
T

ol
vA

%
rE)
e

o

o

1

Tt ol

/‘\l_

A4F 2]

-(:51_

A YEhd AA27E 21

Leuconostoc citreum KCTC3524, FB: Fungi B; P. brevicompactum

(B):

strain FI02.
(W} AR AT 37 &84

S oH(Fig. 13).

Fig. 13. Antifungal activity of reference lactic acid bacteria against FB. A): None

treated,

o

o

Far

o

Al 9]

KeN
=

(LGw040~044)

dol AA yERsT

% LJ007, 011, 015, 017, 019} LIO317}

FAcH(Fig. 14).
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Fig. 14. Antifungal activity of lactic acid bacteria isolated from Kimchi against FB.
(A): Lactic acid bacteria from Kimchi in Jeonju 015, (B): Lactic acid bacteria from
Kimchi in Imsil 031, (C): Lactic acid bacteria from Kimchi in Gyeonggi 036, (D):
Lactic acid bacteria from Kimchi in Gwangang 040, FB: Fungi B; P.

brevicompactum strain FI02.

=

(th $RF B4 479 53 ¢ 4

4459 Fe ket 5 FBell disto] AsAA e A7) 9 JHE wEew Il
gAo] Ava A E 22F 9 FAEs Adste] ALACIA ALVE Wrgstth. X0 &40l

g3 wgsel 14 AwE 2Fe] FATS FAS A3, AFAY AN2rY Belw f4

s

@ ALA, ALB, ALC, ALD, ALE® 48A9 HAZHE e

A71A9 ALL ALJ:= Lactobacillus sakei subsp.® A E AT T3 AFAY AXNZHE £
glgt 4kt ALK, ALL, ALM, ALN, ALO, ALP, ALQ, ALR, ALS, ALT, ALU, ALV+
Pediococcus pentosaceus® 8% Atk HAF A" 2F° FALE 4 F L sakei
subsp. ALJ002, L. sakei subsp. ALJ005, L. sakei subsp. ALJ007, L. saker subsp. ALJO11, L.
saker subsp. ALJO013, L. saker subsp. ALIO31, L. saker subsp. ALIO32, L. saker subsp.
ALIO33, L. saker subsp. ALGy036, L. sakei subsp. ALGy039, P. pentosaceus AlLJ014, P.
pentosaceus ALJ015, P. pentosaceusAlLJ016, P. pentosaceus ALJ017, P. pentosaceus
ALJO18, P. pentosaceus ALJ019, P. pentosaceus ALJ021, P. pentosaceus ALJ022, P.
pentosaceus ALJ024, P. pentosaceus ALJ026, P. pentosaceus ALJ027, P. pentosaceus
ALJ029= Z+z} wrgste] Aol Ab§stltk(Table 10, 11).
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Table 10. Identification of antifungal lactic acid bacteria isolated from Kimchi

18S rRNA sequence

Strain Nomenclature
Homology (%) Scientific name

ALA 99 Lactobacillus sakei subsp. L. sakei subsp. ALJ002
ALB 99 Lactobacillus sakei subsp. L. sakei subsp. ALJ005
ALC 99 Lactobacillus sakei subsp. L. sakei subsp. ALJ007
ALD 100 Lactobacillus sakei subsp. L. sakei subsp. ALJ011
ALE 99 Lactobacillus sakei subsp. L. sakei subsp. ALJ013
ALF 99 Lactobacillus sakei subsp. L. sakei subsp. ALIO31
ALG 96 Lactobacillus sakei subsp. L. sakei subsp. ALI0O32
ALH 99 Lactobacillus sakei subsp. L. sakei subsp. ALIO33
ALI 99 Lactobacillus sakei subsp. L. sakei subsp. ALGy036
AL]J 99 Lactobacillus sakei subsp. L. sakei subsp. ALGy039
ALK 99 Pediococcus pentosaceus P. pentosaceus ALJ014
ALL 99 Pediococcus pentosaceus P. pentosaceus ALJ015
ALM 100 Pediococcus pentosaceus P. pentosaceus ALJ016
ALN 97 Pediococcus pentosaceus P. pentosaceus ALJ017
ALO 99 Pediococcus pentosaceus P. pentosaceus ALJ018
ALP 99 Pediococcus pentosaceus P. pentosaceus ALJ019
ALQ 99 Pediococcus pentosaceus P. pentosaceus ALJ021
ALR 100 Pediococcus pentosaceus P. pentosaceus ALJ022
ALS 99 Pediococcus pentosaceus P. pentosaceus ALJ024
ALT 99 Pediococcus pentosaceus P. pentosaceus ALJ026
ALU 99 Pediococcus pentosaceus P. pentosaceus ALJ027
ALV 99 Pediococcus pentosaceus P. pentosaceus ALJ029

ALA~ALV: antifungal lactic acid bacteria A~V, AL]J: antifungal lactic acid bacteria from Kimchi in Jeonju 002, 005, 007,
011, 013, 014, 015, 016, 017, 018, 019, 021, 022, 024, 026, 027, 029 ALI: antifungal lactic acid bacteria from Kimchi in Imsil 031,
033, 034, ALGy: antifungal lactic acid bacteria from Kimchi in Gyeonggi 036, 039
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Table 11. Contig summary for identification of antifungal lactic acid

isolated from Kimchi

bacteria

Strain Contig summary
Query Subject Score Identities
ALA Start  End Description AC Length Start End Bit Raw EV  Match Total Pcr.(%) Strand
3 1524 Laciobacillus sakei gene for 165 AB362609 1 1568 1 1519 2791 1511 0D 1519 1522 99 Plus/Plus
TRNA. partial sequence. strain:
NRIC 0128
Query Subject Score Identities
ALB Srart  End Description AC Length Srart End Bit Raw EV  March Total Per(%) Strand
1 1501 Lactobacillus sakei subsp. carnosus  AB600196.1 1534 18 1517 2765 1497 00 1500 1501 90 Plus/Plus

gene for 165 rRNA, partial
sequence, strain: Ni$32

Query Subject Scare Tdentities
ALC Start  End Description AC Length Start End Bit Raw EV  Match Total Per(%) Strand
1 1505 |Lactobacillus sakei subsp. carnosus AB600196.1 1534 16 1517 2760 1494 0.0 1502 1505 o8 Phus/Plus

gene for 165 rRNA. partial
sequence. strain: Ni432

Query Subject Score Identities
ALD Start  End Description AC Length Start End Bit Raw EV  March Total Per.(%) Strand
5 1509 Lactobacillus sakei subsp. carnosus | AB600196.1 1534 14 1518 2780 | 1505 | 00 1505 1505 160 Plus/Plus

gene for 165 rRNA, partial
seguence. strain: Ni432

Query Subject Score Identities
ALE Start End Description AC Length Start End Bit Raw EV Martch Total  Per(%) Strand
1 1300 |Lactobacillus sakei subsp. carnosus | AB600196.1 1534 16 1516 | 2765 1497 00 1500 1501 29 Plus/Plus
gene for 165 rRNA. partial
sequence, strain- Ni432
Query Subject Score Identities
ALF Start End Description AC Length Start End Bit Raw EV  Match Total Pet.(%) Strand
1 1493 Lactobacillus sakei strain 23K CRO36503.1 1884661 | 445554 | 1867125 2700 | 1462 | 0.0 1483 | 1493 29 Plus/Minus
complefe genome
Query Subject Score Identities
ALG Start  End AC Length Start End Bii Raw EV  Maich |Total Pcift) Sirand
102 | 3507 ABSOR105:1 1532 | 1411|2261 | 1234 | 01 1351 1408 L] PlusPhas
Query Subject Scare Identities
ALH Starr  End Description AC Length Start End Bit  Raw EV Match Total Por(%) Strand
1 1305  Lactobacillus sakei subsp. carnosus AB600196.1 1534 16 1517 2760 | 1494 | 0.0 1502 1505 92 Phus/Plus
gene for 165 rRNA. partial
sequence. strain: Ni432
Query Subject Scare Identities
ALI Start  End Descriprion AC Length Start End Bit Raw EV  Match Total Per(%) Strand
4 1500 Lactobacillus sakei subsp. carnosus  ABG00196.1 1534 14 1510 2760 1494 00 1406 1407 29 PlusPlus
gene for 165 rRNA_ partial
sequence, strain: Ni432
Query Subject Score Identities
ALJ Start  End Description AC Length Start End Bit Raw EV  Matwch Total Pcr(%) Strand
1 1494 Lactobacillus sakei subsp. carnosus | ABG00196.1 1534 17 1507 2739 | 1483 | 00 1491 1494 99 Phus/Plus
gene for 165 rfRNA. partial
sequence, stram- Ni432
Query Subject Score Identities
ALK Start  End Description AC Length Start End Bit Raw EV  Match Total Pet(%) Strand
3 1500 Pediococcus pentosaceus gene for  AB598964.1 1538 13 1509 | 2736 | 1481 | 00 1404 1400 o8 Plus/Plus
165 tRNA. partial sequence. strain:
Nili44

ALA~ALK: antifungal lactic acid bacteria A~K
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Strain Contig summary

Query Subject Score Identities
ALL Start  End Description AC Length Start End Bit Raw EV Match Total Per(%) Strand
1 1498 'Pediococcus pentosaceus gene for  AB398964.1 1538 12 1514 2748 1488 00 1405 1498 29 Plus/Plus
165 rRNA_ partial sequence. strain:
Nill44
Query Subject Score Identities
ALM Start  End Description AC Length Start End Bit Raw EV  Match Total Pet.(%) Strand
1 1502 Pediococcus pentosaceus gene for  AB598964.1 1538 17 1518 2774 1502 Q0 1502 1502 100 Phus/Plus
165 tRNA, partial sequence. strain:
Ni1144
Query Subject Score Identities
ALN Start  End Description AC Length Start End Bit Raw EV Match  Total Per(%) Strand
1 1496 |Pediococcus pentosaceus gene for  AB598964.1 1538 16 1504 2529 1362 | 00 1457 1498 a7 Plus/Plus
165 tRNA, partial sequence. strain-
Nill44
Query Subject Score Identities
ALO Start  End Description AC Length Start End Bir Raw EV  Martch Toral Per.(%) Strand
1 1510 Pediococcus pentosaceus gene for  AB398964 1 1538 15 1519 2756 | 1492 | 00 1505 1510 o9 Plug/Plus
165 rRNA, partial sequence. strain-
Nill44
Query Subject Score Identities
ALP Start End Description AC Length Start End Bit Raw EV Match Total Pct.(%) Strand
1 1505 |Pediococcus pentosaceus gene for  AB398964.1 1538 19 1521 2767 | 1498 | 00 1503 1505 29 Plus/Plus
16S tRNA. partial sequence, strain:
Nill44
Query Subject Score Identities
ALQ Start End Description AC Length Start End Bit Raw EV March  Toral Per(%) Strand
3 1513 |Pediococcus sp. MMZG0A 165 EU157914.1 1547 1 1511 2785 1508 0.0 1510 1511 Q0 Phus/Plus
ribosomal RNA gene. partial
sequence
Query Subject Score Identities
ALR Start  End Description AC Length Start End Bir Raw EV  Marwch Total Per.(%) Strand
4 1506 Pediococcus penfosaceus gene for  AB598064.1 1538 14 1516 2776 | 1503 | 0.0 1503 1503 100 Plus/Plus
165 fRNA. partial sequence. strain:
Nilid4
Query Subject Score Identities
ALS Start End Description AC Length Start End Bit Raw EV Match Total Pet(%) Strand
1 1503 |Pediococcus pentosaceus gene for | AB598964.1 1538 16 1518 2771 1500 | 00 1502 1503 00 Plus/Plus
165 rtRNA_ partial sequence. strain:
Nill44
Query Subject Scare Identities
ALT Start  End Descriprion AC Length Start End Bit | Raw EV Match Total Pcr.(%) Strand
1 1498 Pediococcus pentosaceus gene for 5080641 1538 20 1514 2741 | 1484 | 00 1404 1408 o0 Plus/Plus
165 rRNA partial sequence. strain:
Nill44
Query Subject Score Identities
ALU Start  End Description AC Length Start End Bit Raw EV Match Total Pet(%) Strand
3 1509 |Pediococcus pentosaceus gene for | AB598964.1 1538 17 1520 2752 1490 | 00 1502 1507 99 Plus/Plus
165 rRNA_ partial sequence. strain:
Nil144
Query Subject Scare Identities
ALV Start End Description AC Length Start End Bir Raw EV  March Total Pet(%) Strand
3 1505 Pediococcus pentosaceus gene for  AB308964.1 1538 15 1514 | 2750 | 1489 | 0.0 1409 1503 oo PlusPlus
165 tRNA. partial sequence, strain
Nil144

ALL~ALV: antifungal lactic acid bacteria L~V
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Table 12. Antifungal lactic acid bacteria isolated from Kimchi

Strain Nomenclature
ALD L. sakei subsp. ALJ011
ALH L. sakei subsp. ALIO33
AL]J L. sakei subsp. ALGy039
ALL P. pentosaceus ALJ015
ALS P. pentosaceus ALJ024
ALT P. pentosaceus ALJ026

ALD, H, ], L, S, T: antifungal lactic acid bactefia D, H, J, L, S, T, AL]J: antifungal lactic acid bactefia from Kimchi in Jeonju
011, 015, 024, 026 ALI: antifungal lactic acid bactefia from Kimchi in Imsil 033, ALGy: antifungal lactic acid bactefia from

Kimchi in Gyeonggi 039
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Table 13. Antifungal activity of lactic acid bacteria isolated from Kimchi against

cheese and cheese ripening room

Fungi
Antifungal FA FB FC FD FE FF FG FH
lactic acid bacteria

L. citreum X X X XX X X XX X X X X X

ALD X X X X X X X X X X X X X X X X X X X X

ALH X X X X X X XX X XX X X X X X X X X X X X X

AL]J X X XX X XXX X X XX X X X X X X

ALL X X X X X X X X X X X X X X X X X X X X

ALS X X X X X X X X X X X X X X X X X X X

ALT X X X X XX X X X X X X X X X X X X X

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; -:
no inhibition, x: below 10 mm, xx: 10~15 mm, xxx: above 15 mm, L. citreum: Leuconostoc citreum KCTC3524, FA~H: fungi
A~H, ALD, H, ], L, S, T: antifungal lactic acid bacteria D, H, J, L, S, T

B
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A= table 149} Zth. FA #%o]to] tiste] ALH fA4be] MICE 625 pg/mL=E 71 =
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el T FB Fgolwtel A= ALH frabet ok ALT frabete] MIC7F 625 pg/mL=E 7Hg 3 A
UElS T FCoF FH #3Folitol A e 659 ik 2% 18 &y 248 2otk 53], FH
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it
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Table 14. Minimum inhibitory concentration(MIC) of lactic acid bacteria isolated

from Kimchi against cheese and cheese ripening room

(ug/mL)
Fungi
At FA FB FC FD FE FF FG FH
lactic acid bacteria

L. citreum >500 250 250 >500 62.5 >500 >500 125
ALD 250 125 250 500 125 250 >500 125

ALH 62.5 62.5 250 62.5 62.5 250 125 62.5

AL]J 500 125 250 250 250 500 250 125

ALL 125 250 125 500 125 250 >500 62.5

ALS 250 250 125 500 125 125 >500 62.5

ALT >500 62.5 250 >500 125 250 500 125

L. citreum: Leuconostoc citreum KCTC3524, FA~H: fungi A™H, ALD, H, J, L, S, T: antifungal lactic acid bacteria D, H, ],
LS T

WS Fohset 040N Al s 43S
= #9%  AAThFig 15). £ FAT Y&l 0o 5 HF 0 pHE T A
fabel Agol F7HRS S pHob WobR e, o #A A% mE 714 A4 @ A

l2 3749 AHFig. 16).

i

O
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Fig. 15. Time course of antifungal lactic acid bacteria growth. ALD, H, J, L, S, T:
antifungal lactic acid bacteria D, H, J, L, S, T.
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Fig. 16. pH course of antifungal lactic acid bacteria growth. ALD, H, J, L, S, T:
antifungal lactic acid bacteria D, H, J, L, S, T.

_79_



@ %7] pH ¥ 2% 93 4%

HE A" 6% fabwel A pHE 2437 g8 712 wiAe 27] pHE 4914
107bA] WA stAIA 30T Al 204 7F
tH(Fig. 17). 659 fAbdAl A5
T A =3 HAY 2=E 24 ] MY 2=F 25, 30, 37, 40, 50C= WA A )
& 20A 7 & Akt ASAEE el th(Fig. 18). 652 fAbEAS A& 25~40T 7t
A= Had =2 245 Uetlloy 50TeA = Asol dAs] dAasAT. ikt A B5=
ek HA o 2= 30TCoH, 50T o] dell s Aol TS wH o] WolAe RS &

Q15 o,

r\l
=
o2
ro
o
=
24
o
o
T o
o2
ki
rir
oy
o
ki
Ll
AN
o2
off
o
&
do
r o
off
ok
0

1a -

14 -
’E‘ 12 -
ﬁ l.ﬂ | e AT T
=) == AT.H
E 5
= gy AT J
£ 6-
s i AL
= 4 —t—ALS

2 i ALT

{] T T T T T T

4 5 [ 7 8 9 10
rH

Fig. 17. Effect of initial pH on antifungal lactic acid bacteria growth. ALD, H, J, L,
S, T: antifungal lactic acid bacteria D, H, J, L, S, T.
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Fig. 18. Effect of initial temperature on antifungal lactic acid bacteria growth. ALD,

H, J, L, S, T: antifungal lactic acid bacteria D, H, J, L, S, T.
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Table 15. Coagulation of milk protein by antifungal lactic acid bacteria isolated
from Kimchi

Strain St g‘sgf_of fillis ALD  ALH  AL]  ALL  ALS  ALT

Coagulation of
milk protein

- No coagulation, +: Weak coagulation, ++: coagulation, ALD, H, J, L, S, T: antifungal lactic acid bacteria D, H, J, L, S, T
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Fig. 19. Proteolytic activity of antifungal lactic acid bacteria isolated from Kimchi
in 10% reconstituted skim milk at 30C. Streptococcus thermophilus: Str.

thermophilus Body-1, ALD, H, J, L, S, T: antifungal lactic acid bacteria D, H, J, L,
S, T.
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Fig. 20. Acid resistance of antifungal lactic acid bacteria isolated from Kimchi in

MRS broth(pH 3.0) at 30C. ALD, H, J, L, S, T: antifungal lactic acid bacteria D, H,
J, L, S, T.
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Table 15. Organic acid content in culture supernatant of antifungal lactic acid

bacteria isolated from Kimchi

Acetic Citric Lactic Malic Succinic Tartaric
acid acid acid acid acid acid
Control 4,254 2,354 287 758 - 14,087
(MRS) ’ ’ ’
ALD 18,254 2.547 40,254 - - 7,854
ALH 15,875 3,546 50,247 246 - 5,954
ALJ 17,854 4,102 45,242 259 - 6,579
ALL 17,895 3,864 43,254 - - 6,940
ALS 18,005 3,598 47,258 - - 6,982
ALT 16,358 3,549 45,365 278 - 6,497

ALD, H, J, L, S, T: antifungal lactic acid bacteria D, H, J, L, S, T
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AALA T &Y, IAF, L%, ghx, ¥ WY FEE5 F3o] 55 U] &
A FAS A5 Zr 2~ E 70% ethanol® =3t =3l disc diffusion method

u
I} BE FEE st Rt

FD FE FF FG FH

Fig. 21. Screening of antifungal effect for natural resources extracted by ethanol.
FD: Penicillium roqueforfi FS04, FE:. Penicillium echinulatum ¥S05, FF. Penicillium
polonicum FS06, FG: Penicillium solitum FS07, FH: Cladosporium sphaerospermum
FS08. 1: pine needle extract, 2: Cirsium japonicum extract, 3: Portulaca oleracea L.
extract, 4: Salicornia herbacea L. young leaf extract, 5: Salicornia herbacea L.
extracts, 6: Morus alba L. leaf extract 7: Morus alba L. leaf chlorophyll, 8:

Duchesnea indica (Andr.) Focke extract, 9: Medicinal Herb extract.
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(Table 17, Fig. 22).

@

Table 17. Screening of antifungal effect for commercial essential oil

Strain
Essential oil

FD FE FF FG FH
Cinnamon ot SR At NN SR
Basil ++ o . St iy
Spearmint ++ o - i+
Lemon ++ - - - n
Ginger - - + - _
Peppermint - - _ _

Pine needle - - - - -

FD: Penicillium roquefori FS04, FE: Penicillium echinulatum FS05, FF: Penicillium polonicum FS06, FG: Penicillium solitum
FS07, FH: Cladosporium sphaerospermum FS08.
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7}) Cinnamon oil

Fig. 22. Screening of antifungal effect for commercial essential oil. FD: Penicillium
roqueforfi ¥S04, FE: Penicillium echinulatum FS05, FF: Penicillium polonicum
FS06, ¥FG: Penicillium solitum FS07, FH: Cladosporium sphaerospermum FSO08.
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Table 18. Antifungal effect of basil oil by concentration

Basil (ul.)
Strain
2 4 6 3
FA 1250 £ 0.71 15.00 £ 0.10 19.00 = 141 1850 + 4.36
FB 15.00 + 0.15 17.00 + 0.21 14.25 + 3.40 1750 + 2.89
FC 1050 £ 0.71 11.50 £ 0.71 1250 £ 3.4 1550 = 0.71
FD - - 11.00 £ 0.05 13.00 £ 0.02
FE - - 10.00 + 0.10 15.00 + 0.11
FF - - 11.50 + 1.73 1450 + 1.73
FG - 1250 £ 0.71 13.50 £ 0.71 15.00 = 0.10
FH 1050 + 0.71 12.25 + 0.50 14.25 + 0.96 16.75 £ 0.96
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Table 19. Antifungal effect of cinnamon and cinnmaon bark oil by concentration

Cinnamon (uL)

Cinnamon bark (uL)

Strain
0.2 0.5 2 0.2 0.5 2
FA - 13.25 + 0.50 2250 + 4.20 27150 + 2.89 20.00 £ 0.00 2250 + 3.54 30.00 = 2.83 43.00 + 2.83
FB - 10.50 + 0.58 1725 + 550 26.00 + 9.98 20.50 £ 0.71 2950 + 0.71 34.00 £ 141 3850 £ 2.12
FC - 15.00 = 0.10 2250 + 354 29.00 + 141 - 19.50 = 0.71 26.00 £ 141 3950 + 3.54
FD - - 1850 + 0.71 19.75 £ 512 - - 15.00 £ 0.00 29.00 = 141
FE - 11.50 + 2.12 14.00 + 0.10 1950 + 0.71 19.00 + 1.41 2750 + 3.54 3250 £ 2.12 38.00 + 2.83
FF - 16.00 = 0.10 18.00 + 0.14 25.00 = 2.16 1850 + 0.71 2250 £ 3.54 31.00 = 1.41 3450 £ 0.71
FG - 10.50 + 0.71 16.00 + 1.41 24.00 + 0.11 16.50 + 2.12 26.00 £ 1.41 31.00 + 5.66 41.00 + 141
FH - 13.50 + 1.73 16.00 + 4.62 33.25 £ 7.89 24.00 £+ 1.41 26.00 £+ 1.41 3750 = 2.12 4450 + 3.54

FA: Penicillium solitum strain FI01, FB: Penicillium brevicompactum strain FI02, FC:

Penicillium polonicum FS06, FG: Penicillium solitum FSO07, FH : Cladosporium sphaerospermum FS08

Cladosporium sp. FI03, FD: Penicillium roqueforfi ¥S04, FE: Penicillium echinulatum
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Fig. 23. Antifungal effect of cinnamon for solvent type. A: Water extract 200 nuL, B:
Ethanol extract 200 yL, C: Methanol extract 200 uL.

Table 20. Antifungal effect of cinnamon for solvent type

Water extract Ethanol extract Methanol extract

Clear zone (mm) 0 40 42
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24N A F 2dA FE@)ste] FQledth(Table 21). & =30l wel 0+ S5

Table 21. Antifungal effect of supercritical fluid extracts from cinnamon powder

Cinnamon A (uL) Cinnamon B (ul)

Strain
10 20 10 20

FA - - - -

B - 11.50 + 0.50 - -

FC - - - -

FD - - - -

FE - - - -

FF 10.00 £ 0.45 14.25 £ 0.50 - -

FG - - - -

FH - 11.25 + 0.24 - -

FA: Penicillium solitum strain FI0l, FB: Penicillium brevicompactum strain FI02, FC: Cladosporium sp. FI03, FD:
Penicillium roqueforfi ¥S04, FE: Penicillium echinulatum FS05, FF: Penicillium polonicum ¥S06, FG: Penicillium solitum

FS07, FH: Cladosporium sphaerospermum FS08
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of tiated 05 pL o] ARy ot &S detdo] A=¢ wE AlRH AFE ARESE

Table 22. Antibacterial effect of cinnamon, cinnamon bark, and basil oil

Strain
Essential oil (uL) 5
ABT-5" FLORA DANICA?
0.2 - -
05 - 11.75 + 0.96”
Cinnamon oil
1 - 1650 + 2.08
2 - 2050 + 0.58
0.2 - -
0.5 - 1475 = 050
Cinnamon bark oil
1 - 2050 + 1.29
2 - 2125 + 2.06
4 _ _
Basil
6 _ _
8 - 11.00 = 0.00

1) The strain is mixed by L. acidophilus, S. thermophilus
2) The strain is mixed by Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. diacetylactis, Lactococcus lactis
subsp. lactis, Leuconostoc mesenteroides subsp. cremoris

3) Clear zone (mm) * SD
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Fig. 26. Change of pH during fermentation by the antifungal lactic acid bacteria
cultures in MRS broth (327T).
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Fig. 27. Change of pH during fermentation by the antifungal lactic acid bacteria
cultures in MRS broth (427T).
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Fig. 28. Change of cell density(LAB) during fermentation by the antifungal lactic
acid bacteria cultures in MRS broth (427TC).
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Fig. 29. Manufacturing experiment by the antifungal lactic acid bacteria cultures in

10% skim milk (32T &427T).
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acid bacteria cultures in 10% skim milk (427C).
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FAT DA FAES ol &F opxetux =] %4 T pH WIk= fig3leAeF o]
el A 0d Al A 7o) pH W 9l= pH 5.2~54 W elol dsler, 4 T84
ARl 245l = Aak wtobA pH 50~52 ®HE dErdth & &4 fibds HES

oprlofarA =) A T pH Wak= A3k oA el Apol= yEhA] e 9k tH(p<0.05).
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Fig. 31. Change of pH during the ripening of Asiago cheese added with antifungal

lactic acid bacteria.
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Fig. 32. Change of Viable cell counts(LAB) during the ripening of Asiago cheese

added with antifungal lactic acid bacteria.
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Fig. 33. Change of water soluble nitrogen(WSN) during the ripening of Asiago

cheese added with antifungal lactic acid bacteria.
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Fig. 34. Effect of fungal growth inhibition of during the ripening of Asiago cheese

added with antifungal lactic acid bacteria.
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Fig. 37. Effect of essential oil on the fungal growth inhibition of surface on Tilsiter

cheese.
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Table 23. Effects of pH on the antifungal activity of ALH culture medium

Sample Clear zone
3.0 X
4.0 X
5.0 -
pH
6.0 -
7.0 -
8.0 -

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; -:

no inhibition, x: below 10-19 mm

Fig. 39. Effects of pH on the antifungal activity of ALH culture medium. 3: pH 3.0,
4: pH 4.0, 5: pH 5.0, 6: pH 6.0, 7: pH 7.0, 8 pH &.0.
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Table 24. Effects of enzyme treatment(proteinase K, protease) on the antifungal

activity of ALH culture medium

Sample Clear zone

Control

proteinase K

protease

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; —:

no inhibition, %: below 10-19 mm

Fig. 40. Effects of enzyme treatment(proteinase K, protease) on the antifungal
activity of ALH culture medium. ¢ : ALH culture medium, A : proteinase K

treatment of ALH culture medium, B : protease treatment of ALH culture medium.
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Table 25. Effects of catalase treatment on the antifungal activity of ALH culture

medium

Sample Clear zone
Control X
catalase X

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; —:

no inhibition, x: below 10-19 mm

fig. 41. Effects of catalase treatment on the antifungal activity of ALH culture

medium. ¢ : ALH culture medium, A : catalase treatment of ALH culture medium.

PR 24 Y BAE 9 dAmieEdE g4S JUke A3 ALHZE Adteke &
o =]l F7I4Y JbeAel =ua AdE v ALH ket glhk(actic acid) s&=el
& A 24E vlug A= table 26 3 fig. 4294 2k 2AF 1.0%9] 5ol A
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v}_\_
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Bu= =7 ekt glababe] X1 2SSl ALHZE Arbsks &xet 4ol

- 108 -



Table 26. Comparison of antifungal activity from ALH culture medium and lactic

acid concentration

Samples Clear Zone
ALH culture medium XX
O _
05 -
Lactic acid
1.0 x
(%)
1.5 XX
20 X XX

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; -:

no inhibition, x: below 10-19 mm, xx: 20~29 mm, xxx: above 30 mm

Fig. 42. Comparison of antifungal activity from ALH culture medium and lactic acid
concentration. A : ALH culture medium, B : Lactic acid 0%, C : Lactic acid 0.5%,
D : Lactic acid 1.0%, E : Lactic acid 1.5%, F : Lactic acid 2.0%.
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Table 27. Comparison of antifungal activity by different organic acid

Samples Clear zone

Lactic acid X

Acetic acid -

Propionic acid -

Activity was expressed as the diameter of inhibition zone against each fungi. Degree of clear zone by growth inhibition; -:

no inhibition, x: below 10-19 mn

Fig. 43. Comparison of antifungal activity by different organic acid. L : Lactic acid

1.5%, P : Propionic acid 1.5%, C : Acetic acid 1.5%.
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Fig. 44. Antifungal activity of two cell-free fractions from ALH separated by 3,000
Da molecular weight cutter. A : the fraction with molecular masses lower than
3,000 Da, B : the fraction with molecular masses higher than 3,000 Da.
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Fig. 45. Antifungal activities of ALH culture medium and ethanol extract of
cinnamon against FB after 48 hr of incubation at 25C. (A): Ethanol, (B): ALH

culture medium (C): Ethanol extract of cinnamon.
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Fig. 46. DPPH radical scavenging activity of ALH culture medium. Each bar

represents the mean+=SD of triplicated measurement.
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Fig. 47. ABTS radical scavenging activity of ALH culture medium. Each bar

represents the mean+SD of triplicated measurement.
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ALH ¥4 e] AbstE Fxlste= X0 EA4S g3 A= fig. 48 el
XO%E XOR(xanthin oxidoreductase)®] oxidase type &4 = AA| oA hypoxanthines
xanthine® &, xanthine< uric acid® At3}sl=d] #ofstn, AA2E HAAFEA R o] &3}
ROSE Adsto =z Ao #its} w3f o #ofd Ek ofve} Z+E AW fde] A9
o] ¥ty wtA X0 A4S AMFomm izt S T & vk ALH wde
XO 48 srogEHoR gaAAoH 53], 5 mg/mLel sXoA 49%, 10 mg/mLY &%
o 5] 59%9] #HAES BRIt E3 SOD+= A ol Al superoxide®] AAd #oJst= @ 40|
™ ALH w4 SOD &4 H7iste] &Akst @45 sttt ALH wid e &
S7bel uet AtstE ojAlstE SODe #4S S7HAZtH(Fig. 49). 10 mg/mLe] s=lA 5
Hj o]% SOD &Aoo F7iu o] Jiol o3 itkst &S F<latdlvt. ikt thakbEo] 2y

727 B B olUeh ko] BHES AS 5 BYSAA Faksel J|elshs o AREt

con 0.625

w

X O actiy ity
.

[

Concentration [m g.-"mL}

Fig. 48. Xanthin oxidase activity of ALH culture medium. Each bar represents the

meantSD of triplicated measurement.
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Fig. 49. Superoxide dismutase activity of ALH culture medium. Each bar represents

the mean*SD of triplicated measurement.

® NO &4 oA &4

NO= AAl oM Asdg, g9 =4, 4% & & & A&s st 2=
& A v}t 53| pro-inflammatroy cytokine®|4 lipopolysaccharide(LPS)= W Ao 2§
3}l L-arginine® 2% inducible nitric oxide synthase(iINOS)2] Zr-go] 2Js] NO9 A&
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Fig. 50. Effect of ALH culture medium on LPS induced NO production in RAW
264.7 cells. RAW 264.7 cells were treated with various concentrations of ALH
culture medium for 2 h prior to the addition of LPS(1 pg/mlL), and the cells were

further incubated for 24 h. Data shown are the mean=SD.
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Fig. 51. Antiproliferation effects of ALH culture medium on human stomach cancer
cells(AGS). AGS cells were treated with various concentrations of ALH culture
medium for 24 and 48 hr. (A): The growth inhibition was measured using PrestoBlue
viability reagent. Each bar represents the mean+SD of triplicated measurement. (B)
After 48 hr incubation with 10 mg/mL ALH culture medium, cell morphology was

visualized by light microscopy. Magnification, x100.
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Fig. 52. Antiproliferation effects of ALH culture medium on human colon cancer
cells(HT-29). HT-29 cells were treated with various concentrations of ALH culture
medium for 24 and 48 hr. (A): The growth inhibition was measured using PrestoBlue
viability reagent. Each bar represents the mean+SD of triplicated measurement. (B)
After 48 hr incubation with 10 mg/mL ALH culture medium, cell morphology was

visualized by light microscopy. Magnification, x100.
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Fig. 53. Antiproliferation effects of ALH culture medium on human liver cancer
cells(HepG2). HepG2 cells were treated with various concentrations of ALH culture
medium for 24 and 48 hr. (A): The growth inhibition was measured using PrestoBlue
viability reagent. Each bar represents the mean+SD of triplicated measurement. (B)
After 48 hr incubation with 10 mg/mL ALH culture medium, cell morphology was

visualized by light microscopy. Magnification, x100.
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EET v Fo] ZE edS st WH(L, B)E FEs5H tH(Fig. 54).
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Fig. 54. Extraction method of essential oil by clevenger apparatus type.
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Fig. 55. Yield of cinnamon bark essential oil using the clevenger apparatus type.

dH: heavy of specific gravity, dL: light of specific gravity.
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Fig. 56. Gas chromatogram of cinnamon bark essential oil using the clevenger

apparatus type (1,000 dilution).
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Fig. 57. Concentration of cinnamaldehyde for cinnamon bark essential oil using the
clevenger apparatus type. dH: heavy of specific gravity; dL: light of specific

gravity.
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Table 28. Antifungal activity of cinnamaldehyde, linalool and eugenol

Inhibition zone (mm)

Fungi a b c d
cinnamaldehyde cinnamaldehyde linalool eugenol

FA 31.3 = 1.37e 33.8 £ 7.36 NDf 11.0 + 0.82
FB 223 £ 2.16 31.3 £ 1.51 ND 11.0 + 0.82
FC 365 £ 2.52 51.3 £ 850 ND 184 + 3.70
FD 32.8 £ 2.68 38.0 = 0.96 ND 10.3 + 0.50
FE 278 £ 3.96 372 = 0.82 ND 11.0 £ 0.00
FF 304 £ 456 39.7 £ 2.38 ND 13.0 = 1.41
FG 30.2 £ 240 342 £ 0.96 ND ND

FH 285 + 1.00 340 £ 1.73 ND 203 = 1.89

4 Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of 500 pL/disc)
Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of 1,000 pL/disc)
¢ Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of 1,000 pL/disc)
Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of 1,000 pL/disc)
¢ Values are given as mean + S.D. of triplicate experiment.

f
Not detect.

G FAS YyERd ZFAEQ 41d 28] =(cinnamaldehyde), 2] 1= (linalool),

A= (eugenol)oll Wiste] &3] wWE AUAZHAES 23 tH(Table 29). @Y & £

dieted disc B 500 yLA skl Qe on, F7hA] §oe] S AFdddss gy =

250 pL: 250 pL, AlGLH3 = @ FAlE = 250 pl ¢ 250 uL, A= - glubsE= 250 L 250 ul

= Agstien, A7kA gefe] Eohe AlddHs|= - 2y ¢ fAlE = 167 L ¢ 167 uL -

167 uLo] == Agste] X S5 sttt dd=Z Al A fAs 2 s 4
%!

G X S dEhA fgtoy Addds = - 30 mm ool AFAA g HER
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Table 29. Antifungal activity of mixed STD solution

Inhibition zone (mm)

Fungi
Cinnamaldehyde" Eugenol” linalool” C:L? C: g E: LY C:L:E
FA - - - - - - -
FB 4050 +2.38" ND” ND 30.25 + 2.06 3175 + 2.87 ND 1950 + 1.29
FC 43.00 + 4.24 ND ND 32.00 + 3.92 2395 + 1.26 ND 1875 + 3.40
FD 3950 + 2.38 ND ND 23.00 + 4.08 21.00 + 4.90 ND 16.75 + 0.96
FE 38.00 + 4.97 ND ND 3075 + 7.18 2750 + 351 ND 2175 + 0.96
FF 32.50 + 3.70 ND ND 2550 + 1.29 2350 + 4.12 ND 21.00 + 2.94
FG - - - - - - -
FH 35.00 + 4.69 ND ND 2475 + 2.22 26.25 + 1.89 ND 2250 + 2.89

DDiameter of inhibition zone including diameter of disc 8 mm(tested at a volume of 500 uL/disc)

? Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of cinnamaldehyde : linalool = 250 : 250 pL/disc)

Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of cinnamaldehyde : eugenol = 250 : 250 pL/disc)

Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of eugenol : linalool = 250 : 250 pL/disc)

“Diameter of inhibition zone including diameter of disc 8 mm(tested at a volume of cinnamaldehyde : linalool : eugenol = 167 : 167 : 167 pl/disc)
OValues are given as mean + S.D. of triplicate experiment.

"Not detect.
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0 uLe] == "olmel 8F9 wFold Hgd A3 FCol thate] 60.5 m

o] AEAAEE vepgo] 7 e A4S BYow FFe 4$ 345 mme AHAARS

—t

AFE disc & m

Table 30. Antifungal activity of cinnamon essential oil using the clevenger

apparatus type

Fungi Inhibition zone (mm)
Penicillium solitum strain FI0O1 (FA) 39.5 + 311
Penicillium brevicompactum strainF102 (FB) 41.8 + 1.26
Cladosporium sp. FI03 (FC) 60.5 = 3.70
Penicillium roqueforff FS04 (FD) 595 + 1.73
Penicillium echinulatum FS05 (FE) 428 + 2.87
Penicillium polonicum FS06 (FF) 345 £ 2.08
Pencillium solitum FSO7 (FG) 475 + 7.85
Cladisporium sphaerospermum FS08 (FH) 575 = 4.20

(W) & 79 JAxAdFE

Clevenger apparatus typeZ ©]83lo] F=Z3F A f(essential oil)2] A& Fxol| & 3
]

S shelsle] HAaAEEE Tttt FA, FB, FE, FF, FHell tisto] 0.125 mg/disc ©] 4
o] Ao FC, FGol Wale] 0.166 mg/disc ©]de]l HelolA X A4S YeElgl o,
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FD °f thste] 0.25 mg/disc A2l A @&+t &4S detdllvh 859 w3olol dste] =5 3
At dAdES 47 A8 F59 AFE 025 mg/disc o Adstolof & Zloz Ayt

(Table 31).

Table 31. Minimum inhibitory concentration of cinnamon essential oil by clevenger

apparatus type

Inhibition zone (mm)

Fungi
0.1 0.125 0.166 0.25 0.5 10
FA - 1375 + 126 2025 £ 126 2575 £ 096 3500 = 4.08 4450 + 1.91
FB - 1500 £+ 0.85 1800 = 1.41 2275 =+ 096 3175 + 250 4450 + 1.73
FC - - 19.75 + 299 2775 £ 650 4350 + 212 4475 + 574
FD - - - 1675 + 236 2425 £ 435 3825 + 3.95
FE - 1750 + 1.73 2175 + 050 2825 + 1.71 3925 + 222 4575 + 3.30
FF - 1625 + 1.89 1850 = 058 22.00 = 0.82 3575 = 096 4275 + 2.22
FG - - 12.00 £ 0.00  22.00 £ 1.83 3250 + 265 39.50 + 2.38
FH - 1350 £ 1.91 1875 + 330 2625 = 386 4050 £ 420 5150 = 4.36

FA : Penicillium solitum strain FI01, FB : Penicillium brevicompactum strain FI02, FC : Cladosporium sp. FI03, FD :
Penicillium roqueforfi ¥504, FE : Penicillium echinulatum FS05, FF . Penicillium polonicum FS06, FG : Penicillium solitum

FS07, FH : Cladosporium sphaerospermum FS08
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peak’} FLoAAE o2 Alddd s =(cinnamaldehyde) = 3Helxlom A7 3% Ao 8301,
87.71 area %E YWEtHo] 7Hd =& Fs BAow, FEA]l Sl et Fasts As

R

=

Table 32. Peak of essential oil from cinnamon bark of extraction method

No. RT Area %
dH-1hr dH-3hr dH-5hr dL-1hr dL-3hr dL-bhr
1 13.55 421 5.22 5.37 4.27 4.87 6.02
2 17.85 0.31 0.43 0.51 0.35 0.42 0.62
3 18.62 0.81 1.14 1.42 0.92 1.14 1.72
4 19.30 1.75 2.45 291 1.97 2.43 3.55
5 19.83 0.44 0.99 0.70 0.51 0.64 0.89
6 20.87 0.45 0.58 0.69 0.51 0.58 0.81
7 22.18 0.42 0.42 0.41 0.45 0.50 0.41
8 24.02 1.49 3.16 5.26 1.38 2.03 4.67
9 25.00 88.01 83.51 80.17 87.71 85.20 78.26
10 25.41 0.35 0.38 0.41 0.37 0.37 0.43
11 27.61 0.37 0.47 0.56 0.38 0.46 0.68
12 31.88 0.67 0.81 0.80 0.58 0.68 1.00
13 32.04 0.72 0.86 0.79 0.59 0.67 0.93
Total 100.00 100.00 100.00 100.00 100.00 100.00

+ TS et GC-MSE ol &3ste] #A4g A3 167HA
Aol gelxon GCEAY FUdA F2 peaks Al'd 2 H s =(cinnamaldehyde) = <1
HAY., I S22 a-copaene(4.94-6.81%), cinnamaldehyde dimethyl acetal(2.42-9.07%), &
—cadinene(1.68-3.45%) 9 A& A A FEWHel wet JEo] Aole A vEhd
Al Fgkom, FEATe] wet FoAAER AHdHs| = v go] Hap A AFS UE

Wt Table 33).

it
ol
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)
w
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=
=
=8
)
=
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Table 33. Chemical compositions of essential oils from cinnamon bark of extraction

method
Area %
Compounds RT
dH-1hr dH-3hr dH-5hr dL-lhr dL-3hr dL-5hr

a-Copaene 8.79 5.02 6.25 6.06 4.94 5.69 6.81
B-Elemene 11.08 - 0.35 0.29 - - -

a-Amorphene 13.20 0.34 0.53 0.5 0.31 0.53 0.63
(=)-Isoledene 13.75 0.22 0.34 - - 0.38 0.42
a—Muurolene 14.05 0.73 1.17 1.41 0.94 1.26 1.77
§-Cadinene 14.77 1.68 2.66 2.89 2.08 2.41 3.45
Naphthalene 15.26 0.38 0.57 0.57 0.44 0.51 0.73
cis—Calamenene 16.38 0.3 0.63 0.63 0.47 0.46 0.72
Cinnamal 17.77 0.47 0.35 0.42 0.66 0.45 0.51
Calacorene 18.10 - - - - 0.15 -

Cinnamaldehyde 1986 282 556 9.07 2.42 3.39 763

dimethyl acetal

Cinnamaldehyde 20.81 85.64 79.26 75.34 85.66 82.02 73.39
1-Naphthalenol 21.27 0.45 0.43 0.46 0.25 0.63 0.49
a-Cadinol 23.73 0.31 0.45 0.53 0.43 0.47 0.68
Torreyol 23.99 0.21 0.39 0.32 0.27 0.31
2-Propenal 28.22 1.43 1.45 1.44 1.08 1.03 1.77
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Table 34. Changes in pH, titration acidity and viable cell counts of fermented milk

with lactic acid bacteria isolated from Kimchi during fermentation at 40C for 8

hours
Fermentation time (h)
Ingredients
0 2 4 6 8
YF 1.0% 6.46 6.27 5.15 457 4.38
YF 0.7%+ALH 0.3% 6.47 6.27 5.19 458 4.40
pH YF 05%+ALH 0.5% 6.47 6.28 5.20 459 4.42
YF 0.3%+ALH 0.7% 6.46 6.28 5.24 4.62 4.44
ALH 1.0% 6.47 6.45 6.42 6.38 6.32
YF 1.0% 0.14 0.21 0.59 0.87 1.12
YF 0.7%+ALH 0.3% 0.14 0.21 0.58 0.86 1.11
Titration
acidity YF 05%+ALH 0.5% 0.14 0.20 0.58 0.86 1.11
(%)
YF 0.3%+ALH 0.7% 0.14 0.20 057 0.85 1.10
ALH 1.0% 0.14 0.14 0.15 0.17 0.19
YF 1.0% 5.3x10° 7.8x10" 6.3x10° 4.3x10° 2.3x10"
YF 0.7%+ALH 0.3% 5.3x10° 7.9x10° 6.2x10° 4.2x10° 2.4x10"
Viable cell . o o '
counts YF 05%+ALH 0.5% 5.2x10° 7.7%10° 6.1x10 4.1x10° 2.3x10"
(CFU/mL)
YF 0.3%+ALH 0.7% 5.1x10° 7.6%10° 6.2x10° 42x10° 2.2x10"
ALH 1.0% 5.0%10° 6.2x10° 7.8%10° 8.3x10° 46x10°

YF : YF-L812 (Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus)
ALH : Lactobacillus saker subsp. ALI033
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Table 35. Sensory evaluations of the fermented milk with lactic acid bacteria

isolated from Kimchi

Sensory evaluation

Ingredients
Color Flavor Taste Texture acc(gggl?}}ity
YF 1.0% 6.1£0.83 71+1.15 71+1.27 6.8+1.05 7.0£1.31
YF 0.7%+ALH 0.3% 6.2+0.85 6.9+1.01 6.9+1.30 6.7+0.98 6.8+1.25
YF 05%+ALH 0.5% 6.0+0.82 6.8+1.03 7.0+1.27 6.8+0.96 6.9+1.22
YF 0.3%+ALH 0.7% 6.1+0.81 6.7+1.12 7.1+1.22 6.9+0.98 7.1+1.33

YF : YF-L812(Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus)
ALH : Lactobacillus sakei subsp. ALI033

All values are mean + SD (n=10).
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RE AYFolA 08%F A on, fabits Wil e Ay FAFEFE 1.00% AT
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O
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Table 36. Changes in pH, titration acidity and viable cell counts of fermented milk
with lactic acid bacteria isolated from Kimchi using cinnamon extract during

fermentation at 40 C for 8 hours

Fermentation time (h)

Ingredients 5 - 7 5 5
Control A 6.46 6.27 517 457 4.39
Control B 6.47 6.28 525 4.61 4.42
Cinnamon extract 0.02% 6.46 6.27 5.24 4.62 4.44
Cinnamon extract 0.05% 6.47 6.26 525 4.63 4.45
pH Cinnamon extract 0.10%5 6.47 6.27 5.27 4.66 4.47
Cinnamon extract 0.15% 6.47 6.27 5.28 4.67 448
Cinnamon extract 0.20% 6.47 6.28 5.27 4.68 4.48
Cinnamon extract 0.50% 6.48 6.28 529 4.69 4.49
Cinnamon extract 1.00% 6.49 6.30 531 472 4.52
Control A 0.14 0.21 0.59 0.88 1.14
Control B 0.14 0.20 0.57 0.85 1.10
Cinnamon extract 0.02% 0.14 0.20 0.58 0.84 1.08
Cinnamon extract 0.05% 0.14 0.21 0.57 0.83 1.08
Titration

aciodity Cinnamon extract 0.10%5 0.14 0.20 0.57 0.83 1.06
o) Cinnamon extract 0.15% 0.13 0.20 0.56 0.83 1.05
Cinnamon extract 0.20% 0.13 0.19 0.56 0.82 1.05
Cinnamon extract 0.50% 0.13 0.19 0.55 0.82 1.05
Cinnamon extract 1.00% 0.13 0.18 0.55 0.80 1.02

Control A 53x10°  7.8x10"  63x10°  43x10°  2.3x10"

Control B 51x10°  76x10"  62x10°  42x10°  2.2x10"

Cinnamon extract 0.02% 5.1x10° 7.7x10" 6.1x10° 43x10°  2.1x10"
Cinnamon extract 0.05% 5.0x10° 7.5x10" 6.0x10° 41x10°  2.0x10"
Viable cell . 9
counts Cinnamon extract 0.10% 5.1x10° 7.6%10° 6.1x10° 4.4%10° 2.3x10™"
(CFU/mL) . , ) . 0
Cinnamon extract 0.15% 5.0x10 7.5%10 6.1x10 4.2x10 2.3x10
Cinnamon extract 0.20% 5.0x10° 7.5x10" 6.2x10° 42x10°  2.2x10"
Cinnamon extract 0.50% 5.0x10° 7.5x10" 6.0x10° 41x10°  2.0x10"

Cinnamon extract 1.00% 4.9x10° 7.3x10" 5.9x10° 3.8x10° 1.8x10"

Control A @ YF-L812 1%
Control B : YF-L812 0.3%+ALH (Lactobacillus sakei subsp. ALI033) 0.7%
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Table 37. Sensory evaluations of fermented milk with lactic acid bacteria isolated

from Kimchi using cinnamon extract

Sensory evaluation

Ingredients
Color Flavor Taste Texture acc(ggggﬁity

Control A 6.4+0.87 7.0£1.18 6.9£1.20 6.9£0.87 6.8+1.27

Control B 6.5+0.86 6.8+1.07 6.7£1.16 6.8£0.71 6.9+1.32
Cinnamon extract 0.02% 6.5+0.85 7.0+0.97 6.8+1.03 6.8+0.52 7.2+1.23
Cinnamon extract 0.05% 6.5+0.82 7.1+0.85 7.2+1.42 6.8+0.48 7.7£1.16
Cinnamon extract 0.10% 6.5+0.81 7.1£1.42 7.0+1.41 6.9+0.88 7.3£1.15
Cinnamon extract 0.15% 6.4+0.84 7.2+1.22 6.4+1.35 6.8£0.55 6.7£1.25
Cinnamon extract 0.20% 6.3+0.82 6.8+1.27 4.7+£1.17 6.8+0.67 5.6+0.87
Cinnamon extract 0.50% 6.3+0.85 6.6+1.15 3.8+1.13 6.7+0.52 4.5+0.94
Cinnamon extract 1.00% 6.3+0.81 6.7+1.14 3.2+1.21 6.8+0.53 3.3+0.63

Control A @ YF-L812 1%
Control B : YF-L812 0.3%+ALH(Lactobacillus sakei subsp. ALIO33) 0.7%

All values are mean * SD(n=10).
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Table 38. Changes in pH, titration acidity and viable cell counts of fermented milk
with lactic acid bacteria isolated from Kimchi using cinnamon extract during

storage at 4C for 28 days

Storage time (Days)

Ingredients
0 7 14 21 28
Control A 458 4.43 4.35 4.30 4.26
Control B 4.59 4.53 4.49 4.44 4.40
Cinnamon extract 0.02% 4.59 4.55 4.51 4.45 443
pH Cinnamon extract 0.05% 4.59 4.55 4.52 4.45 4.45
Cinnamon extract 0.10% 4.59 4.56 452 4.46 447
Cinnamon extract 0.15% 4.58 4.56 452 4.46 4.47
Cinnamon extract 0.20% 4.58 4.57 4.53 4.47 448
Control A 0.88 1.10 1.14 1.18 1.20
Control B 0.87 1.02 1.05 1.11 1.15
Cinnamon extract 0.02% 0.87 0.94 1.02 1.09 1.09
Titration
ac(iogoi)ty Cinnamon extract 0.0525 0.87 0.94 1.02 1.08 1.07
Cinnamon extract 0.10% 0.87 0.92 1.02 1.08 1.06
Cinnamon extract 0.15% 0.88 0.92 0.99 1.06 1.04
Cinnamon extract 0.20% 0.88 0.89 0.97 1.06 1.04
Control A 43x10°  63x10°  93x10"  15x10°  32x10"
Control B 44x10°  53x10  76x10"  88x10°  9.8x10°

Cinnamon extract 0.02% 4.4x10° 5.2x10° 7.6x10° 8.8x10° 9.6x10’

Viable cell o o 0 0 o
counts Cinnamon extract 0.05% 4.3x10 5.3x10 7.6x10 8.7x10 9.6x10°
(CFU/mL)

Cinnamon extract 0.10% 4.4x10° 5.1x10° 7.5x10° 8.7x10° 9.5x10°
Cinnamon extract 0.15% 4.4x10° 5.2x10° 7.4x10° 8.6x10° 9.5x10’

Cinnamon extract 0.20% 4.3x10° 5.2x10° 75%10° 8.7x10° 9.4x10°

Control A @ YF-L812 1%
Control B : YF-L812 0.3%+ALH (Lactobacillus sakei subsp. ALI033) 0.7%
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Table 39. Weight, volume, specific volume and baking loss rate of bread added antifungal lactic acid bacteria culture medium

and cinnamon ethanol extract

Sample Dough weight Bread wdight Bread volume Bread specific volume Baking loss rate
(g) (g) (mL) (mL/g) (%)

Control 541.61+0.97 465.41+1.45° 1538.83+21.07° 3.31+0.04" 14.07+0.15°

A 541.59+1.12 466.45+2.71° 1554.00+6.53™ 3.33+0.01" 13.87+0.42°

B 543.03+2.02 472.14+358" 1575.67+7.20" 3.34+0.03" 13.05+0.69"

C 541.35+0.63 47759+1.15° 1653.63+25.94" 3.46+0.06" 11.78+0.24

D 542.52+1.05 485.04+0.87" 1545.07+3.27° 3.19+0.01° 10.59+0.33°

E 541.39+1.05 494.24+8.81" 1065.30+11.92" 2.16+0.04 8.71+1.76°

All values are mean=SD.

Mean+SD with different superscript within a column are significantly different (»p<0.05) by Duncan’s multiple range test.



Fig. 58. Cross section of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract.
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Table 40. Water content, pH and titration acidity of bread added antifungal lactic

acid bacteria culture medium and cinnamon ethanol extract

S i Water content . Titration acidity
ample

P (%) P (mg%)
Control 40.15+0.28" 6.44+0.04° 7.79+0.24

A 40.74+0.23" 6.58+0.01° 7.66+0.16

B 39.82+0.04" 6.47+0.01° 7.72+0.33

C 39.79+0.16" 6.52+0.01" 8.150.60

D 38.88+0.16° 6.50+0.00" 8.46+0.59

E 37.96+0.60" 6.36+0.02° 8.55+0.38

All values are mean*SD.

Mean+SD with different superscript within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Table 41. Chromaticity of bread added antifungal lactic acid bacteria culture

medium and cinnamon ethanol extract

Sample Whiteness index Redness index Yellowness index
Control 80.22+0.20" ~1.77+0.32° 20.55+0.35"

A 79.88+0.28" -1.9120.70° 19.88+0.19°

B 72.99+0.32" 2.04+0.23° 19.79+0.44°

C 68.89+0.38° 2.91+0.81° 20.53+0.25"

D 65.04+0.41° 3.98+0.67" 20.85+0.18"

E 58.32+0.70° 6.39£0.25" 23.80+0.03"

All values are mean=SD.

Mean+SD with different superscript within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Table 42. Physical properties of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract

Sample Hardness (kg) Adhesiveness Springiness Cohesiveness Gumminess Chewiness
Control 5.54+0.81" 0.39+0.06 0.90£0.00" 0.52+0.02 2.92+0.48" 2.62+0.43"
A 3.31+0.28° 0.40+0.06 0.91+0.01" 0.52+0.01 1.71+0.14° 1.55+0.12°
B 3.58+0.49" 0.40+0.04 0.90+0.00" 0.52+0.01 1.86+0.25" 1.67£0.22°
C 4.55+0.53° 0.40+0.04 0.90+0.01" 0.51+0.05 2.32+0.40° 2.10+0.36
D 6.09+0.45" 0.40+0.04 0.89+0.00° 0.51+0.02 3.09+0.29" 2.74+0.27
E 6.92+0.78" 0.40+0.05 0.8240.00" 0.49+0.01 3.38+0.39" 2.78+0.32"

All values are mean+SD.

Mean+SD with different superscript within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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Table 43. Sensory evaluation of bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract

Sample Color Taste Flavor Appearance Texture acc(zgte;l?gi ty

Control 10.44+2.09" 9.29+1.79” 11.48+1.61" 10.36+0.85"° 9.76+1.14" 11.74+1.71°
A 11.63+1.35" 10.77+2.43" 11.00+1.86" 12.061.90" 12.04%1.93" 10.14%1.29°
B 10.56+1.69° 11.30+1.44° 11.35£1.70 11.74+1.48" 11.99+1.89° 12.2241.77"
C 11.061.70" 11.69+1.60" 12.14+1.58" 10.56+1.20" 11.34+1.31" 13.14+1.69"
D 9.06+1.78" 8.89+2.83" 8.85+2.09" 9.38+1.06° 7.2242.75° 9.04+2.14¢
E 8.46+1.05" 5.84+1.50° 767+157 5.71+2.02 4.91+1.30 5.71+1.64°

All values are mean+SD.

Mean+SD with different superscript within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 59. Sensory characteristics of bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract.
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Table 44. Water content of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

storage time

(Unit: %)
Storage time (Days)
Sample
0 1 2 3 4 5

Control 40.1540.28" 3751+0.43% 35.32+0.45°c 34.14+0.24% 33.46+0.17% 32.49+0.22%

A 40.740.23"a 36.57+0.45s 35.66+0.43"c 34.65%0.13"p 34.45+0.60"p 33.21+0.03"

B 39.82+0.04°A 36.49+0.19s 33.76+0.57°¢ 32.29+0.60"p 29.85+0.75 & 29.26+0.45k

C 39.79+0.16"a 35.60+0.47° 32.94+0.41%¢ 31.18+0.83 28.75+0.68E 28.25+0.27

D 38.88+0.16°A 35.66+0.29° 32.18+0.88c 29.52+0.78°D 28.650.89"D 28.14+1.04"p

E 37.96+0.60'a 35.60+0.48° 31.03+1.17° 29.29+0.08° 29.07+0.66"D 28.75+1.07"p

All values are meantSD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. ® “Means Duncan’s multiple range test for

different addition (column). * "Means Duncan’s multiple range test for storage time (row).
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Fig. 60. Change of water content in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 45. pH of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the storage time

Storage time (Days)

Sample
0 1 2 3 4 5
Control 6.44+0.04°A 6.23+0.03s 5.58+0.06"c 5.19+0.05'D 5.06+0.02°% 4.64+0.02°F
A 6.58+0.01"a 6.37+0.01°s 5.44+0.01"c 5.20+0.01° 5.11+0.03" 4.90+0.02"F
B 6.47+0.01°A 6.26+0.00° 5.47+0.01° 5.14+0.01" 5.02+0.01% 5.01+0.03"
C 6.52+0.01°A 6.31+0.01"s 5.48+0.01"c 5.17+0.02"p 5.16+0.03" 5.00+0.06":
D 6.50+0.00" 6.29+0.00"s 5.46+0.03°c 5.13+0.03p 5.13+0.02"p 5.01+0.02%
E 6.36+0.02°a 6.14+0.01° 5.35+0.02° 5.04+0.02D 5.04+0.01p 5.03+0.03%

values are mean*SD. Mean wi ifferent superscript within a column are significantly different(p<0. y Duncan’s multiple range test. * “Means Duncan’s multiple range test for
All val +SD. M th diffe t t with | ficantly diffe t(p<0.05) by D Itipl test. M D Itipl test f

different addition (column). * "Means Duncan’s multiple range test for storage time (row).
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Fig. 61. Change of pH in bread added antifungal lactic acid bacteria culture medium

and cinnamon ethanol extract for the storage time.
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Table 46. Titration acidity of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the
storage time

(Unit: mg%)

Storage time (Day)

Sample
0 1 2 3 4 5
Control 7.79+0.24p 8.49+0.57 D 8.54+0.19" 9.58+0.35¢ 12.05+0.75"8 13.30£0.17"a
A 7.66+0.16E 8.63+0.29'D 9.57+0.15c 9.57+0.15¢ 11.44+0.52"s 13.16£0.69"a
B 7.72+0.33p 9.77+0.38°c 10.23+0.84"sc 10.50+0.636c 11.28+0.74"s 13.14£0.48"a
C 8.15+0.60r 8.91+0.17"p 10.04+0.17° 10.19+0.19¢ 11.57+0.43"s 12.97+0.60"
D 8.46+0.59p 9.38+0.22" 9.53+0.34" 10.76+0.935 10.81+0.45"8 12.77+0.18"A
E 8.55+0.38p 9.31+0.27"cp 10.07+0.33"sc¢ 10.63+0.5445 10.75+0.80 a8 11.52+0.96°

All values are meantSD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. ® “Means Duncan’s multiple range test for

different addition (column). * *Means Duncan’s multiple range test for storage time (row).
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Fig. 62. Change of titration acidity in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.

ki3

= falel Wrhske] Az
43 Az}

%=

o] 25

Ok

Z

I

S

al

table 47~49

-
s

-
Ee

—

21 20C incubatorol Al 52

o

Nr
min

fig. 63~657 #t}.

1;1
4L 7}A]

ol
=

L7 Z2F 7911, 79.09, 7853

AN
A

o]

Fopere 47hs

ALH wj<)

777322 7}

57.90, 57.11

g
=7F 73192 7H =9kan, A

o= 7

o7.11

)
=

oAl 56.400. %

]g_

A
-

14

=y

=5

Hl AH
A

o)

- 158 -



156 39747

=

Al

.

R

2E A4 59744

o]
=

XOP

whol 4 22}

@ 4

=

&to] A

& A7t

.

=
ar
=0

[e)

ALH Hj
A 444 9} 5 A

-
1

- 1642 73 wokar

-1.83, -1.75 %

o

79

s

=

=1
N

- 1.49

gzFol A 247

-
T

1172 7P ko A

b Al =7

d7}&

%
=

FRAFEES 7525 A&

i

o] 7}

Els

_g]

, A% 1458 A% 5471

o
= 97

zhzte] A7) gkel wEA

-
1

ol
ol

%

ALH

-

1

ALH Hl
° 2 Yyt

1
-

al

$E 3971

o]
=
A upol A 747} 1865, 1893 L 18892 7H wkska, A% 4]

A& 1

3fo] A F3 2ol A 19.0302 7} ki

S

)

A ¥

7}

J

o

- 1589 -

-

T

7525 HE&®

i x=Froll A 1956°.= 7}

o] ARE A7kl wRAE Fol @ Aol 7t

==

s

-
T

L I =

k]

zk 2218, 2191, 21.79, 22.09 % 2353°.=% 7}

2
d7}s

=
A7 5ol A

[e]
=



Table 47. Whiteness index in of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for

the storage time

Storage time (Days)

Sample
0 1 2 3 4 5
Control 80.22+0.20"a 78.70+0.68"s 78.49+0.31"s 77.59+0.84°c 76.70+0.92° 73.19+1.14%
A 79.88+0.28"a 79.11+0.21"8 79.09+0.27s 78.53+0.68"s 77.73+1.05°c 70.74+0.74"p
B 72.99+0.32°A 71.91+1.18a8 71.90+0.51"sc 71.54+0.48°sc 72.41+0.66° 68.40+0.22D
C 63.89+0.38 A 63.82+0.69°A 68.09+0.92°AB 67.69+0.69°s 67.19+0.83% 65.52+0.76"c
D 65.04+0.41% 64.82+0.35"A 64.35+2.02%A 63.83+0.39°A5 62.90+0.94° 58.40+0.33¢
E 58.3240.70A 57.93+0.35°A 57.90+0.20°A 57.11+0.11'8 57114053 56.40+0.33'c

All values are mean+SD. Mean with different superscript within a column are significantly different(»<0.05) by Duncan’s multiple range test. * "Means Duncan’s multiple range test for

A-Dr

different addition (column). Means Duncan’s multiple range test for storage time (row).
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Fig. 63. Change of whiteness index in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 48. Redness index in of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

storage time

Storage time (Days)

Sample
0 1 2 3 4 5
Control ~1.77+0.32° -1.64+0.35 ~153+053° -151+0.81° -1.49+051° 1174016
A ~1.91+0.70°¢ ~1.83+0.29° ~1.75+0.27°¢ ~1.64+0.22°¢ ~1.10+0.32B ~0.3140.14°A
d d d d d d
B 2.04+0.23 2.05+0.29 9.99+0.24 2.30+0.50 2.35+0.43 9.42+0.24
C 2.91+0.81D 3.09+1.02°cp 3.51+0.69 BCD 3.74+0.36 ABC 4.00+£0.29 AB 4.41£0.17 A
b b b b b b
D 3.98+0.67 ¢ 479+0.44 B 4.82+0.62 B 5.00+0.49 AB 564+0.55 AB 5.25+0.21 A
E 6.39+0.25 D 728+0.22°C 7.34+0.31 BC 7.61+0.20 AB 773+0.21 A 7.86+0.18 A

All values are mean+SD. Mean with different superscript within a column are significantly different(»<0.05) by Duncan’s multiple range test. * "Means Duncan’s

different addition (column). P

Means Duncan’s multiple range test for storage time (row).

multiple range test for
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Fig. 64. Change of redness index in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 49 Yellowness index in of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for

the storage time

Storage time (Days)
Sample
0 1 2 3 4 5
Control 20.55+0.35 A 18.88+0.24°¢ 19.09+0.30c 19.06+0.33¢ 20.81+0.30" 19.56+0.18s
A 19.88+0.19°A 18.65+0.22°5 18.93+0.265 18.89+1.375 19.89+0.42°A 20.47+0.37°a
B 19.79+0.44°sc 19.44+0.20°co 19.54+0.49™¢ 20.00+0.25's 19.03+0.38° 20.74+0.35A
C 20.53+0.255 19.87+0.37¢ 19.72+0.11" 20.67+0.51"an 19.44+0.37 21.19+0.84°A
D 20.85+0.18"s 20.76=0.13"5c 20.05+0.84" 20.55+0.28 BcD 20.23+0.25°cD 2261051
E 23.80+0.03"a 22.18+0.10"s 21.91+0.32"s 21.79+0.08"s 22.09+0.14"8 23.53£0.96 A

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. ad\Means Duncan's multiple range test for

different addition (column). P

Means Duncan’s multiple range test for storage time (row).
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Fig. 65. Change of yellowness index in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 50. Hardness in of bread

storage time

added antifungal

lactic acid bacteria culture medium

and cinnamon ethanol extract for the

Storage time (Days)

Sample
0 1 2 3 4 5
Control 554+0.81"p 5.96+0.46 D 8.10+0.68"c 8.15+0.31°c 8.84+0.72°s 10.30+0.41%
A 3.31+0.28% 4.56+0.30"p 6.62+0.42°¢ 7.05+0.59 Bc 7.44+0.34°A5 7.68+0.78°A
B 3.58+0.49' 4.95+0.58'c 6.70+0.48° 6.87+0.41% 752057 7.83+0.42°A
C 4.55+0.53°F 5.56+0.82D 6.82+0.38"c 7.88+0.69°B 8.41+0.94 11.12+0.59A
D 6.09+0.45D 8.32+0.36"c 8.54+0.36"c 9.54+0.56 12.20+0.47° 12.42+0.49°
E 6.92+0.78"F 9.10+0.57% 10.10+0.40°p 11.80+0.48°c 13.24+0.62"s 15.13+0.97"A

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. ad\Means Duncan's multiple range test for

different addition (column). **Means Duncan’s multiple range test for storage time (row).
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Fig. 66. Change of hardness in bread added antifungal lactic acid bacteria culture

medium and cinnamon ethanol extract for the storage time.
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Table 51. Adhesiveness of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

storage time

Storage time (Days)

Sample
0 1 2 3 4 5
Control 0.39+0.06A 0.39+0.064 0.38+0.054 0.34+0.04 AB 0.31+0.05 B 0.28+0.06 B
A 0.40+0.06 0.39+0.05 0.38+0.06 0.37+0.06 0.36+0.03" 0.33+0.09"
B 0.40+0.04A 0.38+0.0448 0.36+0.0548 0.36+0.04 a8 0.34+0.04 BC 0.300.04
C 0.40+0.04A 0.40+0.05A 0.36+0.06B 0.36+0.06 AB 0.33+0.06 B 0.27+0.06 ¢
D 0.40+0.04A 0.39+0.03A 0.38+0.03A 0.38+0.03 A 0.33+0.04'B 0.33+0.05 B
E 0.40+0.054 0.40+0.032 0.34+0.038 0.23+0.05 ¢ 0.2140.04 <D 0.1840.04 D

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. aPMeans Duncan’s multiple range test for

A-Dr

different addition (column). Means Duncan’s multiple range test for storage time (row).
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Fig. 67. Change of adhesiveness in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 52. Springiness of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

storage time

Storage time (Days)

Sample
0 1 2 3 4 5

Control 0.90+0.00"a 0.89+0.013 0.88+0.00 ¢ 0.87+0.01° 0.81+0.01 0.81+0.01
A 0.91+0.01 A 0.90+0.02"A 0.89+0.00 A 0.88+0.01 B 0.86+0.02 B 0.83+0.01°¢
B 0.90+0.00 A5 0.90£0.01 A 0.89+0.01 B 0.87+0.01°c 0.80+0.01 D 0.78+0.02°F
b ab ab b bc d
C 0.90£0.01 A 0.89+0.00" B 0.83+0.00" B 0.84+0.01 © 0.80£0.01 D 0.68+0.01°F
D 0.89+0.00 A 0.89+0.00°A 0.88+0.01 3 0.81+0.02C 0.79+0.01'D 052+0.01 E
E 0.82+0.00"A 0.79+0.01°8 0.76+0.01° 0.69+0.01D 0.46+0.01% 0.33+0.01'F

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. *d\eans Duncan's

different addition (column). **Means Duncan’s multiple range test for storage time (row).

multiple range test for
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Fig. 68. Change of springiness in bread added antifungal lactic acid bacteria culture

medium and cinnamon ethanol extract for the storage time.
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Table 53. Cohesiveness of bread

storage time

added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

Storage time (Days)

Sample
0 1 2 3 4 5
Control 0.52+0.02"A 0.50+0.07 A8 0.48+0.01 8¢ 0.47+0.01"c 0.46+0.00° 0.43+0.01D
A 0.52+0.01" 0.48+0.00" B 0.48+0.00 3 0.45+0.01 0.44+0.03 ¢ 0.42+0.01D
B 0.52+0.01"A 0.46+0.013 0.45+0.00°8 0.45+0.04 B¢ 0.43+0.01 0.40+0.02°D
C 0.51+0.05" A 0.50+0.01"A 0.50+0.00 A 0.47+0.01'B 0.47+0.01'B 0.46+0.01°B
D 0514002 0.48+0.01" B 0.47+0.02 3 0.44+0.00°C 0.41+0.02°D 0.40+0.00°F
b b d d d d
E 0.49+0.01° 0.46+0.025 0.41+0.01° 0.39+0.01D 0.39+0.03D 0.37+0.01°%

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. *d\eans Duncan's

different addition (column). * *Means Duncan’s multiple range test for storage time (row).

multiple range test for
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Fig. 69. Change of cohesiveness in bread added antifungal lactic acid bacteria

culture medium and cinnamon ethanol extract for the storage time.
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Table 54. Gumminess of bread

storage time

added antifungal

lactic acid bacteria culture medium and cinnamon ethanol extract for the

Storage time (Days)
Sample
0 1 2 3 4 5
Control 2.92+0.48"°c 3.02+0.55°¢ 3.88+0.36's 3.80+0.15°B 4.09+0.35 a8 4.38+0.20°A
A 1.71+0.14% 2.18+0.14° 3.17+0.21 3.18+0.27° 3.28+0.33°A 3.26+0.29"
B 1.86+0.25¢ 2.27+0.27°s 3.04+0.22%A 3.07+0.41% 3.23+0.29°a 3.16+0.18"
C 2.32+0.40°E 2.78+0.43" 3.38+0.20% 3.72+0.35°8¢ 3.96+0.48" 5.10+0.35"a
D 3.09+0.29"¢ 3.99+0.215 4.02+0.28"s 4.16+0.25’ 5.04+0.26°a 491+0.21°
E 3.38+0.39": 4.20+0.32"p 4.14£0.20"p 4.65+0.18°c 5.21+0.53% 5.67+0.43"A

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. ad\Means Duncan's multiple range test for

different addition (column). * *Means Duncan’s multiple range test for storage time (row).
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Fig. 70. Change of gumminess in bread added antifungal lactic acid bacteria culture

medium and cinnamon ethanol extract for the storage time.
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Table 55. Chewiness of bread added antifungal lactic acid bacteria culture medium and cinnamon ethanol extract for the

storage time

Storage time (Days)

Sample
0 1 9 3 4 5
Control 2.62+0.43'B 2.69+0.49 3.40+0.31°A 3.30+0.15 A 3.3140.31'A 3.56+0.19 A
A 155£0.12° 1.96£0.15® 2.83+0.17" 278+0.25 A 2.84+0.32°A 270+0.26' A
B 1.67£0.22° 2.05£0.25 B 270+0.17'A 2.66+0.37 A 258+0.24°' 2 47+0.13°
C 2.10£0.36 D 2.48+0.38 C 2.99+0.18 "B 3140278 3.18+0.37"an 3.48+0.22"A
D 2.74+0.27 ¢ 3.55+0.18 B 3.52+0.23'B 3.35+0.18'B 3.99+0.24'A 254+0.13
E 2.78+0.32'0 3.33+0.24' 3.13:0.16 A 3.19+0.12'A 2.4140.22°C 1.89+0.16'D

All values are mean+SD. Mean with different superscript within a column are significantly different(p<0.05) by Duncan’s multiple range test. *d\eans Duncan's

different addition (column). P

Means Duncan’s multiple range test for storage time (row).

multiple range test for
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Fig. 71. Change of chewiness in bread added antifungal lactic acid bacteria culture

medium and cinnamon ethanol extract for the storage time.
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Fig. 72. Plot of log —In(E —E )/(E,—E,)] versus log time of none treated bread.
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Fig. 73. Plot of log[—In(E,—E,)/(E,—E,)] versus log time of bread added antifungal

lactic acid culture medium.
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Fig. 74. Plot of log —In(F —F)/(E,—E,)] versus log time of bread added antifungal

lactic acid culture medium and cinnamon, 75:25.
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Fig. 75. Plot of log[—In(E,—E,)/(E,—E,)] versus log time of bread added antifungal

lactic acid culture medium and cinnamon, 50:50.
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Fig. 76. Plot of log —In(F —F)/(E,—E,)] versus log time of bread added antifungal

lactic acid culture medium and cinnamon, 25:75.
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Fig. 77. Plot of logl[—In(E,—E,)/(E,—E,)] versus log time of bread added cinnamon.
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Table 56. Total viable cell counts of bread added antifungal lactic acid bacteria and cinnamon ethanol extract for the storage

time

(Unit: log CFU/g)

Sample

Storage time (Days)

4

CON

6

7.5

7.5
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Fig. 78. Changes of total viable cell counts in bread added antifungal lactic acid

bacteria and cinnamon ethanol extract for the storage time.
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Table 57. Mold colony counts of bread added antifungal lactic acid bacteria and cinnamon ethanol extract for the storage time

(Unit: log CFU/g)

Sample

Storage time (Days)

4

CON

H 9 o @ >

3

6.5
6.5
6.5
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Fig. 79. Changes of mold colony counts in bread added antifungal lactic acid

bacteria and cinnamon ethanol extract for the storage time.
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Fig. 80. Mold growth in bread added antifungal lactic acid bacteria and cinnamon ethanol extract for the storage time.
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Fig. 81. Effect of essential oil on the fungal growth inhibition of the inside on

Tilsiter cheese.
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Fig. 82. Change of pH during the ripening of Gouda cheese on the surface treated
with cinnamon oil and cinnamon bark oil. EtOH: 95% ethyl alcohol, SO 30%: EtOH
70%+Cinnamon oil 30%, SO 60%: EtOH 40%+Cinnamon oil 60%, SO 90%: EtOH
10%+Cinnamon oil 90%, SBO 30%: EtOH 70%+Cinnamon bark oil 30%, SBO 60%:
EtOH 30%+Cinnamon bark oil 60%, SBO 90%: EtOH 10%+Cinnamon bark oil 90%.
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Fig. 83. Change of Viable cell counts(LAB) during the ripening of Gouda cheese on
the surface treated with cinnamon oil and cinnamon bark oil. EtOH: 95% ethyl
alcohol, SO 30%: EtOH 70%+Cinnamon oil 30%, SO 60%: EtOH 40%+Cinnamon oil
60%, SO 90%: EtOH 10%+Cinnamon oil 90%, SBO 30%: EtOH 70%+Cinnamon bark
oil 30%, SBO 60%: EtOH 30%+Cinnamon bark oil 60%, SBO 90%: EtOH
10%+Cinnamon bark oil 90%.
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Fig. 84. Change of WSN during the ripening of Gouda cheese on the surface treated
with cinnamon oil and cinnamon bark oil. EtOH: 95% ethyl alcohol, SO 30%: EtOH
70%+Cinnamon oil 30%, SO 60%: EtOH 40%+Cinnamon oil 60%, SO 90%: EtOH
10%+Cinnamon oil 90%, SBO 30%: EtOH 70%+Cinnamon bark oil 30%, SBO 60%:
EtOH 30%+Cinnamon bark oil 60%, SBO 90%: EtOH 10%+Cinnamon bark oil 90%.
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Fig. 85. Sensory characteristics of Gouda cheese on the surface treated with
cinnamon oil and cinnamon bark oil during ripening at 14 C for 2 months. EtOH:
95% ethyl alcohol, SO 30%: EtOH 70%+Cinnamon oil 30%, SO 60%: EtOH
40%+Cinnamon oil 60%, SO 90%: EtOH 10%+Cinnamon oil 90%, SBO 30%: EtOH
70%+Cinnamon bark oil 30%, SBO 60%: EtOH 30%+Cinnamon bark oil 60%, SBO
90%: EtOH 10%+Cinnamon bark oil 90%.
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Fig. 86. Effect of essential oil on the fungal growth inhibition of surface on Gouda

cheese treated with cinnamon oil and cinnamon bark oil.
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Antifungal Effect of Commercial Essential Oils en Fungal
Isolated from Cheese

Bun-Jeong Jeong'”, Nam Keun Lee', Yu Ri Lee!, Na-ri Lee.
Yong Secb Jeong®. 'Rescerch Center for Industrial Develop-
ment of Biofood Materials, Chonbuk National University, Korea,
“Department of TFood Science and Technology, Chonbuk
National University, Korea

Essential oils are mainly obtained by steam distillation from
various plant source. They has been used in food, cosmetic, and
pharmacenticals industries. The antimicrobial activity of essen—
tial cils has been extensively studied and demonstrated against
a number of microcrganisms, mostly in vitro rather than m tests
with food, and usually using a direct contact antimicrobial
assay. The objective of this work was to evaluate the antilungal
activity of seven eommereial essential oil for spoilage mould of
cheese. The fungal igolated from cheese were penicilliten ro—
quefortitsun—¢), penicillium solitum [sun-d), penicillium polo—
nicumi{nam-a), penicillium soliium(nam-d), cladosporium
sphaerospermum(nam—1f), penicillium solitum(A), penicillim
brevicompactuni(B), penicillium commune isolate(C). clado
sporium sp.A1). Antifungal activides of essential oils were cin-
namon > basil > spearmint > lemon > ginger > pin¢ needle
> peppermin. Cinnamon and basil oil showed the strongest anti-
fungal activily against all the tested fungal, The minimum in-
hibitory concentrations{MIC) of cinnamon and basil oil were 1zf
/Amm dise paper and Bpb/8mmn  disc paper, respectively.
Antimicrobial activity of cinnamon and basil oil on fermenting
lactic acid bacteria(ABT-5, Flora-danica.) of cheese almost
were not appeared.
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Inhibitory effect of cinnamon essential oil on
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