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< SUMMARY >

O

Purpose

Selection of sterilization methods for production of highly concentrated
probiotic lactic acid bacteria powder products

Selection of sterilization processes not causing the browning reaction of

Lactobacillus saker powder

Purpose& - Production of Lactobacillus saker dead cell powder using a pilot fermenter
Contents
O Contents
- Search sterilization conditions for high-concentration lactic acid bacteria
solution (>10"CFU/ml)
- Design of microwave sterilization system
- Investigation of gene variation after sterilization
- Cultivation of Lactobacillus sakei and production of dead bacteria powder
O Development of a continuous microwave sterilization treatment process for
production of ghost probiotic lactic acid bacteria (>10"'CFU/ml)
O Development of heat treatment process for production of high
concentration of ghost probiotic lactic acid bacteria (>10''CFU/ml)
Results O Production of ghost bacteria powder using Lactobacillus sakei cultured in
a pilot scale fermenter
O Confirmation of morphological stability of lactic acid bacteria contained in
microwave-treated or heat-treated cells of lactic acid bacteria powder
O Suggestion of a method for quantitative analysis of fatty acids for the
determination of probiotic Lactobacilli
O Production of a ghost probiotic products using developed sterilization
process
O Application of fatty acid analysis method for quantification of individual
Expected certified probiotic lactic acid bacteria
Contribution O Preparation of a intellectual property
O Transfer of sterilization methods and commercialization of ghost probiotic
cells
O Paper presentation and academic presentation
Keywords ConCCeenltlrSated Sterilization Dead cel | Discoloration Microwave
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bt At (dead cel) &% F31# @d 24 (38 I+, Demont et al.,, 2016)
Lactobacillus paracasei NCC 2461% ©]-&3F A7

Human Peripheral Blood Mononuclear Cells (PBMCs)olA] e x4 &4
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Pre-mir-27a sequences tested:
>hsa-mir-27a MI0O000085
CUGAGGAGCAGGECUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACACUGECUAAGUUCCGCCCCCCAG

Control sequence Sequence miR-27a
Control sequence in miR-27a Sequence miR-27a
Number of mismatches 4 5 6 4 5 6
L. paracasei NCC 2461 0 0 0 4 14 131
B. longum NCC 3001 0 0 0 2 17 88
B. lactis NCC 2818 0 0 0 0 8 71
L. johnsanii NCC 533 0 0 0 1 4 58
L. rhamnosus NCC 4007 0 0 0 2 22 153
B. longum NCC 2705 0 0 0 1 17 86
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TE o2 967M) T 2T Hit FEREF RN ELAFATT(n)E AHE
Exd
O AhtA 34
IR
CEAE T0TCAA 108 2 25TH-Y, EAE & 470X dAE 2239 AP F AE

(Murosaki et al, 1998)
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g8 140ColA 15%, Plate heat exchanger (Alfa Laval RF 372, Alfa Laval Mid

Europe AG, Dietlikon, Switzerland)©]-&, Wl&2 (Demont et al., 2016)
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(1) Z=Znfo]l ¥ {4bit Lactobacillus sakei Probio 65 2] 4t Wl (>250L) 2
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@ Working volume 2l (% vol. - 32 &3 vol. - Glucose vol.)
& Fax z37
aH7] £ % 60rpm (Auto mode)
@ wjA
WEE 2%
43 1 1.4g/cm3(Auto mode)/culture-% : 30T (Auto mode)
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medium sterilization — Heat start ZHg
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_11_



g

~
ol
N
m
<

AL
00

)

o
1
ol

Nd
o

st

o

~
fi%e)

]

g4

=

/g—

: — 25rpm(Auto mode)

(0.5kg/cm3) ©]

Hj7] me e

o
o
_foT

AL
00

i)

o

N
Ho

jani
NR
i)

o

121°C, 15min =3t

ke
T

=]
&

Al Al

.2~
LT

Accessary H3t

Bowl

12
BV

N
g

= steam 30

A A =

=
T

ey
B/

—_—

0

K
o
N

i)

p—

o

=
=2l

© SAIRE

: 14,000rpm

rpm
7hE A ZE
start B &

[€)

—_— — — o — —

#2]7] bowl, accessary %9
87

A7
w7

Al
=
14

R
I

2

R
-

|

e

o
-
H
B

4o

~

N

H)
el

4

_12_

: 100(150L/1hour)



vk ¥ % harvest valve open

=S

—1 1=

3lo

2] 7] 14,000rpm

)=
RN

Al
=

o
o
ojp

4

i

—

G

FdEE g21(25~30L/10min)

H

=

ko

[e]
o

il

el

o

0
o

;On#
il

=

bowl

2l
]
=

accessary

BREEE
BRET

T} o
==

H] 7 o]

7] 5LHA FA)

Fo] WYs R

=
=

=

°©
_13_

.

=i
=

& ATl A= AR A
il

harvest-& H|72] 4

=

-
X

2 LY A A -

harvest-&
34 1A

RYAR, =
fn Y

-

X
hyA
.
hyA
[

Al
(Al

@ ANEA S A

€ Al
ey Al



(2) Lactobacillus sakei Probio 65 1% A4 A& A2 (1x10"CFU/mL)
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=
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@ Pilot EE2ANE o] &3t Lactobacillus sakei Probio 65 ¥l %F

1Kgol Aol wet cell 4]

@ Wet cell
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g ul S o83t Lactobacillus sakei Probio 65 Wl 2 3] 34 3}
1Kgol 4ol wet cell £H] & Aad Ae £3tale] 1% %

@ At AA 1x10"CFU/mL %9 Lactobacillus sakei FA1=27F A At
H ¥ WA Axi= PANTONE X2 39

PANTONE  8imnc oo
T459.C

PANTONE

7500 €

PANTONE

7501 €

1Y 3-4. Abetx

(5) MA}g} At $-9] MEo] Wo]l XA}
(7}) mpolmE ol B. A& Lactobacillus sakei Proio 659 A% DNA &<l

D Lactobacillus sakei Pro 652 A% DNA F=
: PowerSoil® DNA Isolation KitE ©]-&
D A& =H]

Add soil sample to PowerSoil Bead Tube
Add Solution C1
Attach to Vortex Adapter

e Vortex ¥ ¥4l #]
@ AxE Zsl

e Add Solution C2

e Incubate at 4T

@ F=wEA=4d AA
e Add Solution C3

e Incubate at 4C
o AAEZ
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€ Zdo| DNA 2%
e Add Solution C4
e Load into Spin Filter
o AME
ol =4 AlH
e Wash with Solution C5
o AR
DNA &=
e Elute with Solution C6

o« AR

@ F=9 AE2 agarose gel 47|19 %F &<l
@b Agarose gel <=H]
e AgaroseE TAE buffere] ¥ 7Fgsto] =
e Gel tray®l combss 2
o Gel &) =7] Mol gel Hel £

e Gelo] #2W combs #|7A .

e Gel% electrophoresis chamber® ©] &

e TAE Bufferf= electrophoresis chamber =-$-7]
@ DNA A& gelol Loading

e DNA A& ¢} 6X Sample Loading Buffer &%

o 3N gelol| loading

e 17} DNAZ gelol loading
@ Gel Running

° Gel= 715 Aol &3

o Gels AAFNA 7ol AH
e Gel& UV &33¥o] &9 5 UVels DNA ##
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(W) mlelmz ol B A8t Lactobacillus sakei Probio 652 742} ¥Mo] ZA}
@ Lactobacillus sakei Probio 65914 =3 7% DNAE 322 16S rDNA

Az &%

b PCR mix =71 (A 20p ¥Hg)
Primer 27 F 1l
Primer 1492 R 1u
SDDW 170
Template 1l

©@ PCR PreMix
Component volume(20x()

Top polymerase 1U

Each: dNTP 250m
Tris-HCI(pH 9.0) 10mM
KCl 30mM
MgCl2 1.5mM

Stabilizer and tracking dye
@ PCR primer ¥ Taq polymerase
. Bacteria8 Universal primer
- 27F  AGA GTT TGA TCC TGG CTC AG  20mer
- 1492R GGT TAC CTT GTT ACG ACT T 19mer
: Tag polymerase (3%)
- "lo] @Yo} Taq polymerase
- A==€ Taqg polymerase
- Tenuto 2X Taq polymerase
@ PCR cycle
: PCR tubeE PCR thermal cyclerd] %3 30-35 cycle PCR
Ist: 95C, 3min
2nd: 35 cycle
95, 30sec
50C, 30sec
72°C, Imin 30sec
3rd: 72°C, 10min
4th: 47T, endless
PCR %% DNA ©# 9] agarose gel A7 % <l
@ Lactobacillus sakei Probio 659 Attt |l A 16S rDNA 7 5

e
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F3 DNAS A5
e [Lactobacillus sakei Probio 65 powder 2§ /At

AR A ol g -T57A 314

(th) AMtA Lactobacillus sakei Probio 652 & W3} 3
@ #A Gram@H F v #F

@p Gram <A

e Crystal violet o] 302 ~1%7 94 F A%
e Jodine &Moo 7 187 9-& T A
)

e Ethanol &M o2 30%7F €2

Kl

w

(e}

PN

)

ng M
2

ol

>

o

e Safranin &4
o A ABE7F 1A
o 0 As}

o AWt B

e Amgoz 7

6) 5% 7A A8 AdFTAHLE 0|83 Lactobacillus sakei Probio 65 AbA] £ A

=

=

A= A

(7}) Lactobacillus sakei Probio 659 2F1-§ vk 2 A Als FH]
@ 300L ®&7|E ©|€3 Lactobacillus sakei Probio 652 I
@ WYgE TAE AFLHTYE o] &3to] 35
@ Lactobacillus sakei Probio 65 115 % wAA R (1x10"CFU/mL) 4+t
b AZ FA(wet weight) 71 T 2kg o] el Ae= A A &4
@ 7Fd wwk WS o] &3 FEE dAANE

AF
= =
€ AE2 oAz olB ZAFAE o] &3 v dAAE A
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SL7F ol X7 7EA] oF 2413k

hyA
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@ AREAl Al

Fed 121°C, 15min At
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=
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=
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2l

=
[}

W, 7k 7%
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—

WE7] -40T oldke

® =
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N

el
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=
i
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el
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i
bol 118 A o] ol gAe] 27

2
)

@ AT A9

il

- FAE A

€@ A7 7t

N

71l ¥l 10~15

_ B
FL

o
o
!
ofr
Nro
oy
g

®

S48 2w o] Hol wt

=
N

il

@) o] &4 =7](50mesh) wH]

o] ZEAZ7](50mesh)S 60T AX7|A AX (244

o] 57 =7](50mesh) A% e 3ol

)

P o] &7 Z7](50mesh)ol] 4

® Lactobacillus sakei Probio 65 AFiFA] '8 A8

o
o
70

JJo

ol & 7t

kv
™

(v}) Lactobacillus sakei Probio 65 Abit 239 QCZE Al A3

3|
pud

1o},

ep HirE 9ml 3]A o] Al ZE1mlE ¥ o] voltexing
W Hard 9ml Ao O s 1mlE

;01_
T

Fo] petri disholl w31 H3k v x]o] 10"0] 3]

H7ts

=
=

©@ MRSHIA| o] agar

349 100408 Hol

s

=0

o
o

B8R
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ep HEH 9ml Ao AE1ImlE ¥o] voltexing 3t}
W ebe] s|A A Imls petri disholl &3 & SLAHALE ¥R & &3
@ W= B AR

PCA, EMB: 35~37Col| A 24~72A17F) vl &3ttt

PDA: 25Tl A 5243t gt

@ wWjF A oA AL ogE ol

() FA AP BAL o G F A
7hH AgAE FE8& Aok H
&3 A FEE &
Aok H A Z A} H] 31
Sodium Chloride Merck
37% HCI Merck
Sodium Hydroxide Merck
Methanol Merck HPLC grade
n-Hexane Merck HPLC grade
Water B&]J HPLC grade
Methyltert-buthyl ether B&J HPLC grade
& 32 A iEER
Aok 7 A=A
Methyl plamitate Sigma
Glycerul triundecanoate Sigma

() AAE F58 &4 A, AxS 0L FIAl oA Az ARE

@D Reagent 1

@) Methanol 50ml + NaOH 15g

@ &4 + 50 ml DW

© 100ml Al eFel &3 F 2hd2-2H(MIDI-1)
@ Reagent 2

@b 3E3} hydrocloride solutions 3]4]3}e] 6.00N HCl A%

W 6N HCI 656ml + 55ml Methanol

: Methanoldl HCL < 4

@& AFHor 7% &
3 Reagent 3

@) Hexane 50ml + MTBE(Methyltert-buthyl ether) 50ml

w4 77}
)=
n

ZH(MIDI-2)
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@ AlFPom & % #d g (MIDI-3)
@ Reagent 4

@b DW 100ml + NaOH 1.2g

D Ao 7 27 & ghwlg (MIDI-4)
® X3} NaCl Al <}

@b NaCl 40g + DW 100ml

@ Al o® £11 $ 2hd g (MIDI-5)

b AbtAl A5 FAIE 58 $F tubedl ¥
tubeo] YFHIES HEZE Ho|ZZ 3~43] 7ho} T4 WX
155 )

©@ 0.lmg Glycerul triundecanoates 2=
©p MIDI—lf\] kS Iml ¥ vortex & 100C 9 &9 5min ¥

% vortex ¥ 100C| 25min &
@ z2% B 23 $ MIDI-2A ¢S 2ml 7}
vortex & 80+1C, 10+1min ¥H-&
2% B2 43 F MIDI-3A9FS 1.25ml &7}
@b 10mingt 2 4lolF F HAXAA Fo] B ¥H=S HA
=9 o} AR-ES pasture pipetS AH-E3o] A A
@ MIDI-4A] 98 3ml ¥al 587 gd &%
@ Fo] Lel¥ =S AAA (10~ 30min)
@G =9 7PHGIRE] o]E & MIDI-5A ¢S pasture pipetteS At
=4 "ol o ow o]F
@& HZF FFHE GC vial2 &1 5 vilE 2a g

(ZH) GCE o] &3 A Wik B4 2 A=

@ Gas Chromatograph “H]
@ 717]: Agilent technologies 6850 gas chromatograph
W =24 =23 Sherlock MIS Software

@ Gas Chromatograph =% 271
eh 2%: 170°C to 270°C at 5°C per minute
W AZ7]: flame ionization detector
© Carrier gas: Hydrogen
@ Makeup gas: Nitrogen
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L A-A

(1) ZEulolQ ¥l FAF Lactobacillus sakei Probio 65 w2 A& wj<k (>200L) 2
feakat wA SR 300L LEI1E ol 8@ Sakw W B A F4

(7hH AAEg 7]l 3d HA

D ATl vk el AT AlEAS ] F-2hE A
A

e

19 3-5. Lactobacillus sakei Probio 65 2kt A, YAE2] 7] v&2] UHo
2oz FAkT(A) 2 T A (B)

() glvd & 54 2y
: 500L v el ¢
34

A5
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(2) Lactobacillus sakei Probio 65 1% A4 A& A2 (1x10"CFU/mL)

(7h [AEE Alg @9 FAD Lactobacillus sakei Probio 65 5 =74

O &9 FAC 23t AxF A
@Y Lactobacillus sakei Probio 6

b dAZF] dA A5 dwFE FAN F AAdeA dYst dATE S

s

€

A&

=

RS std g Auj Ao M xe}= Lactobacillus sakei Probio 65 &S 5 9

o

S3to] Skl 34x10"CFU/gd S &9l &

=

d

¥ 3-3. Lactobacillus sakei Probio 65 94 &8 & F=53 Mg

A+ CFU/g

1 3.22E+11

2 3.02E+11

3 3.88E+11

4 3.71E+11

5 3.45E+11

HEZ=HX} 3.5E+10

o 345E+11

(}) 745 e 5] 1x10"CFU/mLe] d e %A

@ Lactobacillus sakei Probio 656 WY & HAZEZ 553 oA A5 d57}
34x10" CFU/g9 o2 1x10"CFU/mLe s % #AA R ZAE 9dto] 2ty

e HIbete dAAEE 84 g
@ Lactobacillus sakei Probio 65 <%

ko3
z
1Kgel 4% 4#d H7bstel A4 ¥9 2 34L7 A 948
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cillus sakei Probio 65 |7}
Tt B X 1l
==

(:) L/\ le=] O'-I = 1
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(W) mtolazgolB A&t X ks 93 dAAn} oA x4}
@ Lactobacillus sakei Probio 65 &= 4] FA|IF wfo] AR o] H A &
@ Pro65 Wet cell& Aatsob EFatel A7k 1.0x10"CFU/mL 559 Al
Z 5 wlolaR ol BE 301 ATy Tl 10% A om st

Rk Ayt 302 AE ol AWy wEd

i
o
I:

&
N\
ol
o
i

3 3-4. Lactobacillus sakei Probio 65 1% % A oA (1x10"CFU/mL)¢] w4

A4 D F AE AES

ANET (He|A|ZE &) CFU/mL
1 (10) > 10000
2 (20) > 10000
3 (30) > 1000

@ violazsloln A7 F sHole eEw 0% A A, fAE79 2
BEL 100C ooz 7tdyEy, FEl87] &L VTR 257 9+

19 3-9. Lactobacillus sakei Probio 65 =2 th<= nlo]la =z go]BH Aol 23 ZH3}
(FrAkt &4 1ILE Fel87]o ¥ & vlolazgdolr 30% A&])
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¥ 3-10. Lactobacillus sakei Probio 65 &3¢ nmlo|aR2golH Az & At &

A, 30% A B, 202 25 C, 10& A ¢

@ wholazsloln xAl FA S W Bk A

@ wpol AR o] H AR L <

2
rE
2
59
=
B
Wl
o,
ofo
ol
or
3@
o

@ 24 AE 28 cm, 7}E 245 cm, ¥=°| 185 cm

OOl 29012 EMEX

185¢cm

///g;S/ZSan

I 3-11 ARSRE mlolA ol B AP o] A7)

28 cm

@ wpolam ol B AL FA o] Ao BE xELY Hg HE

eh AAsh 2AHE Alm 91 B 2AF AR

F 35 AR JAFHE AA 2AME AT AR 99X 2 A AR

=o] (cm) EANES
30s 50s 70s

58 100s  130s 162s 192s
30s 60s 90s
J 120s  150s 180s
12 30s 60s 90s

@ vlolm 29 olH 60% A F 2ZE HE 93

A (12em) 9 R o] (o] k&
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@
=)
-
{
fr
o
o
i
<
P
BN
>,
ol
P
iy
U
Jif
s
4o

SHH(3.8cm) BA 8] 43Lo] %S

a9 3-12. AR A R Aol wE we]A R olB oy x] AEAFE gl
A, vheel A 3.8cm $14] wholazgo] B 1002 A
B, vtgell A 9 cm 913 who]AZ S o]H 90% A}
C, Bt=elld 9 cm $1%] who]aZ o] B 120% A}
D, vtetell A 12 cm 913 vRo] AR glo] B 90% A}

@ wolAmgloln A} 4 o] 9o wE @A
ob helamsloln 2AEA el AxTt BEHE F9E B 98 )
olmmstd] ofs) WAHE del olF Amel WM o] gold WAL

)

@ FAL 100C o4l Lol A FEE H3 40T olake] SwolAE

dafgon FulE AL rlelamglolnd Wi AR 2A F @Hel
ne AEE 24%
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A +++ | ++++ +++ Bl ++++ | ++++
+++ ++++ | +++ ++
+++ ++++ |+t +
+++ +++ ++++ | ++++
+++ | ++++ ++ ++ ++++ | FH++
C| ++++ ++ ++ D + +
++ ++ ++++ | ++++
++++ + ++++ | FH++
++++ ++ ++ +4++ | ++++
++++ | +++ +++ ++++
2% 3-13. AR A vrFRE A A gl me A % A=
A, 3t B, F8tdh C, 4w D, A
@ vholazeloln £AEA Yol Axst PF Relel AT
z A
A B
— 4/
@ D

a9 3-14. AR 1A

A, st B, $38hd; C,




Tubing B4 =4

ki3

1% 3-15. AR IA vekRt AE A

@ Lactobacillus sakei Probio 65 %% Akt A4 (1x10"CFU/mL)<]

A

A= 3l

=]
RLN

48] 1217C, 15

*

100CFU/gramo] A2 A1+

F ATF FHANE

!

jmiat
=

&
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19 3-16. Lactobacillus sakei Probio 65 =9 1t=7|H 7] Aol o3k Zw3}
ALS 2k 89 (1x10'"CFU/mL)S 5L frelHol ngtE714dw#7] 33 e
A; 1S 71E7] AHg A, B; 18] g, C; 23] A&, D; 33 Az

@ 30L FermenterE ©] &3t 5% A Almo] At
@b Lactobacillus sakei Probio 65 Akt €M (1x10"CFU/mL) 10LE FH|&}a
30L §k&7]el 9 F, §r&7]1e] unk7|E AsetHA] FEoR AEohiA
Wg7] W] 2%7F 121C 8 FAHA st FHdstHA FAbte] s
U ey
@ Lactobacillus sakei Probio 65 fr2bat &Moll E3hEl A7t wkg-7]o A 1l

el A A& Theke Ag 60 AP § dAA ROl Ato] wEEA
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(4) nfo]lmZ Yo]B. AFiFA] A8l 719)
(7h) 1A A Alge] wpolaRgolBdASE HHE 3 Fx WA
D vlola=Z g olH ZAAE AR JAA] G2
D At A SN S wpolaZ g olH FARGAQ] AAH AR YEZ AEA

@ E7hEe Yol Frel o7 o] A%e 7Y Ao]=xE HAs o

@ 7te 5 AQHed A7= MBure AvbAE ol &dto] WP A & F

1% 3-18. wlolazm Yo]lB %
s Auel FYTe WETe 94
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H 3-19. mlo] A& 9]

i

A =

AolE aH=9] oA A4H} 0.5mm

St
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SHA

bl 2177} go)

o

a7 7hE

oAz A e R (A) R 2 F (B)

719
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=
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|
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T

B

20 ¢cm

20em

o]

4

a9 3-22. vlola R

0 .___.____,w_r__ch
L L

s -

\
|

o

=}
=4

s AR AR Rl 7

=

1§ 3-23 mpo] AR ol H AL 2A}
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138 3-24. vfolmEZ YolBH A

Ip
N
_|>:,
i
4o
%
N
>
o}
-
o,

() mpolaz ol B APG Ao o3t Fk A Als At
@ Pilot LEFZNE 0|83t Lactobacillus sakei Probio 65 Wi 9 A 3|43}
Lactobacillus sakei Probio 65 Akt &4 (1x10""CFU/mL) 4L& &¥]3}¢] u}o
AzdolB A% FAPFA A ARE A2l

@ W A AR vholARgeln A% A 1%

72~%rpm, AEE %= FAAE O.1mlolA A BFE xR
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b molAZ 9ol B FAHE= AR F =4S S /7Y W)

@ L2o® HEY= ARE HRE vlolaRdolB XAStE AF A8 #
Aol A 3

@ F¥2> W4 31mml =2 6.4mm A&

@ mlolameeolB A= HA, AEAHY e 43

73 2 AGSF Sk e gEEE

13] 83rpm, 50min, (L.D. 3.1mm)
23] 70rpm, 22min, (ID. 6.4mm)
33] 69~72rpm, 20min, (ID. 6.4mm)
43] 72~95rpm, 15min, (ID. 6.4mm)

AEke A AAA ST 4L

©
=
e
it}
rr
>
il
o
§

ulles
ol
o
=
1o
%
re
dpx
%
o
N
ch
Ol
O
rr
&
o2l
=
)
>
Ay
o
N

@ wxzel xx 2 AAHe Axel wadd Ame exs kmow
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AlA; B, &3tA =

2Ab 43} (13 W)
@ WEH AR mwstel ddw @Ak AR, L ALY AEE wEA
@ AN 2 ARHAA AE 2HS & dAT FE =43

5

T oA AE 4L A g

19 3-26. W5 2 vlo| Az goln A &4

® IE% §2T A E Alo] I 29 olH AL

EN

A 53 @ A Az
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@ vhelamseln ouA ®Ab AE FHI JE AN AR
58 o] 98] rrolazsoln £AYAE AR AT F

AT AR AFS AYAE 1E FHE ZA4F

@ FY WA 64mm, A& 413, AAEelx] A= Hau
@ FZ£% 30, 60, SORPM

@ PxEE 30RPM 22 12k A2 F 60 52 80RPMO. = 23 A &
HEZET 30RPM 22 13 A2 & 60 &2 80RPMLO=Z 23 g

18 3-27. nfo]lARg ol B A HHAAA nAL

A, 271¢] wpolam ool B A A B, vlo] Az o
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o,
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BN
S
>
o
S
1o,
o
=2
ol
ol
EY
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>
il
M2

i

Jb

-
a

O 5% A AR Lactobacillus sakei Probio 65 2kt
£ N(1x10"CFU/mL) #2l, 2474 64 mm F9 A&
@ 12 A 2t % 84ml/min, 23 A2 At £ % 168ml/min

E 35 APl SHL 3

(91 mb)

N WA (mm)

<%= (RPM) 31 64
10 3 28
20 16 56
30 24 84
40 32 112
50 40 140
60 48 168
70 56 196
80 64 224
90 72 252
100 30 280
150 120 420

(2h) wtolazgol B ZAPEA o o3 aFk A Alm et HF
@ Lactobacillus sakei Probio 65 WF 2 ] 3 3ol 1Kgold2] wet cell &
Hlgto] gyt el st Edtsto] ek Ak Al =A%
@ mrolam g olB ZAPFA A ZAAIZE B A HE L5 Fddte]
b ZAVEA A2 18] A= Bt wEE
@ AR Azt S7F B35 S7F Al Aato] dEEA &

@ sk TA A7 Hds] AAEets AL vixlAazdolB AgolA Zwstrt



a9 3-29. wlolAamgoln AHgA A ¥ A Fel

Aol Az 240 <3 A

Lactobacillus sakei Probio 65

(vh) AHEAS] WA=

o

AHE. 0.1ml9)  1x10MCFU/mL 5%
FA BN AE FF BHHA FS

O AFFAAA 1x10MCFU/mL $%9¢ Lactobacillus sakei 35X 85 2t

EA7AZ 3 ABE e T WA

@ SAAZxE AFFAL WA Hw 50% o3k (PANTONE 7502 C) 2 g

RS

19 3-30. vle]laZYolB Ae AbdA H4
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18] 3-31. Lactobacillus sakei Probio 65 A|359] mlo]aZ g o]lH A& Al A

-
it

3-6.

LEE EA AT gl @ FA 4E 2 gw
1} nfo]lm 2 9o] B | ulo]la R g o]H Autoclave 31231 QFHES-7]
s 1L 4L AL 10L

A A #4

1+ v 1x10M 1x10M 1x10M 1x10M

(CFU/ml)*

A 2] Al ZF 48
. 30 30 60
(min) (84ml/min)
= o] derpolam e | mlo]A RS o] B | ©<E autoclave ALPREE7]
T SERE A% Ag A ) oS-
Aol F @
N 1.0x10% o] 1.0x10 ©] 38} 1.0x10° o] 4 1.0x10 ©]s}
(CFU/ml)*
_|Q'_

IREERS DR ° =] =i
auas i o CERE "
Atas

1/10° 1/10% 1/10° 1/10%°
(WEE)
* Lactobacillus sakei Probio 655 W3t 3 3 AX 5 F=sle] 115529 AR
ZA g & MRS st A Fuf Ao A5k Hete] 5 =43 gk

(5) AT} At Fo] Al o] Wo] FA}

(7} mpolmE Yol B A &3 Lactobacillus sakei Proio 659 Al DNA &

°o]-&

=
T

2% 5

R
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agarose gel A7|FFo = &<l 3

°l

L=,

D Lactobacillus sakei Probio 65 A5 DNAZE PowerSoil® DNA Isolation KitZ



@b Lactobacillus sakei Probio 65 AwA|ol W3] AbiAle] DNAE W
SGHs7E JgdE Aom e

b A3 E Lactobacillus sakei Probio 65°] DNA = 7] ¢F 1000bp 8 =0l
ASTH= A2 Yed

@ F=9 A9 agarose gel A719% Ay}

M LD

19 3-32. Lactobacillus sakei Probio 65 A3 2 Aldtol A FE3F Al DNAY

A7) G EAA

M: lambda phage Hind 3 marker
L: Genomic DNA extracted from L. sakei probio—-65 Live cell
D: Genomic DNA extracted from L. sakei probio—66 Dead cell

(Y) mpolm =9 o)l B X 83t Lactobacillus sakei Probio 652 7 A o] FA}

D Lactobacillus sakei Probio 652 A1 2 Al whole cellS PCR $%& T3 <%

2 AR&3te] 16S rDNA F4dz 533 & SZ ¥ DNA ©HE agarose gel 7

T A=

@ Lactobacillus sakei Probio 652 AlitAlolM = FH oz AL&H A9 o] @
of X HE FHAA} FEHA &

@ Lactobacillus sakei Probio 652] AbgtA|o| Al 23t Al TAg oA F2
500 base2] Z7]¢] DNARE #2235

® 15 Kb #7]19] 16S rDNA #AAE= SEHA G
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A B

M L1L2 L3L4 L5 L6 L7 M D1D2D3D4D5 D6 D7

9 3-33. Ar(A) & mlo]la R dglolB A AF(B)AA FTEH FHAAe] agarose gel
A719% Ay, F8 DNAE AR Lactobacillus sakei Probio 65 powder A /A<
AR BAHEE o] &8 -Ts7FA FAE 3 ARE-3

o

>
>
i

@p Taq polymerase= #Hlo] 2 Yo} Tag polymerase, A= Taq polymerase,
Tenuto 2X Taq polymeraseS A& 3t

@ PCR cycle2 3H= Z718le] =23 & =25

=)

NA ©#H L& agarose gel 7
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M AH AD BH BD CH

% 3-34. ©r43 Taq polymerase AF-&oll 238t Lactobacillus sakei Probio 65 AFite] 16S
rRNA 32 5%

A-H, Temp; 32 &5, v}o] 2 Yo} Taq polymerase
A-D, Temp; Abt 10-3 (nlo]mZ 2 9ol B 2] g]), Hvlo] 2 Yo} Taq polymerase
B-H, Temp; 32} <<, #l%=49 Taq polymerase
B-D, Temp; AFet 10-3 (vlo]Z 2 9ol B A g]), A]x=8 Taq polymerase
C-H, Temp; 3% =55, Tenuto 2X Tag polymerase
M, Marker

4
b

(th) AYerAl Lactobacillus sakei Probio 659 & E] W3l

(it

D mlolmE Y olB. Hge #Ao GramGM ¥ v A
@Y Lactobacillus sakei Probio 65 wlo]aZ g olH Ao ol3]A Fej7t A
StAY Aol Izt oA &5

A, AY A B, A9 F
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@ 1gFs7IEd7] A e TAe] Gram@A & v A
@Y Lactobacillus sakei Probio 65+ LS}
StAY Mzl Ihaf7b Aoy e

r

o|\
N
k=)
=

71 Aol olsi Fejrr W

. B A

“19] 3-36. Lactobacillus sakei Probio 6543 2] Autoclaveoﬂ olst dej WHo
A; Autoclave 2] A, B; Autoclave #g] &

_—

z

® Al#A FADE F 3

rﬁL

v

i

@b Lactobacillus sakei Probio 65+ vlo]aZ g olB A & 1YF7]E7]
ol olsfA Alt3tE & TAAZ Fo Hejrt wWaltAY M EL] It
dojuhx] &g

A B

i
198 3-37. Lactobacillus sakei Probio 65 TAAZ Alat9] ?3_“]73 /\Hl
A; Autoclave 2] Abet, B; mlo]laAZgo]B. & Al
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S)
e
)
>
il
1
Y
ol
o
mlo

o183 Lactobacillus sakei Probio 65 AbA] & A

(7V) Lactobacillus sakei Probio 652] A A% #| %
@ Lactobacillus sakei Probio 6562 300L & 7]|E o]&3lo] wjkdtar vide A

2 QAR 2 o] Ldle] 3|4Ee uEE FAA ZAx10"CFU/mL) &H].

e FAl(wet weight) 7] Al T3 2kg ©]de] 5% A g FH]
@ #=HE FANEE A T FAAZXE A3} T FEAAR AAES E 5]
AL A RS A2

® dAgulelazgolr AP AitE FAE 2Awd =7 50%  ©l3§)
(PANTONE 7502 C)& ##3l9&

@ AFEA AAFE B AlEe] FEe W7t flo] AU

® #FE 24T AbFA A8 2AF Bdo AEe Awd 7% 1x10Y CFU/g

o] AEelA 57 o]ste] Ato] A AL

7

1% 3-38. Lactobacillus sakei Probio 65 wlo]laZ o]l B A2 Abxta] (A 9 AAF
(B), AboAl 28 W3t %7 PANTONE 7502 ColétS % 8t

a9 339, whelamsleln Ael AlrAl AR AFs 24 A
1-5CFU/gram
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(W}) Lactobacillus sakei Probio 65 Abit w29l QCE Al A|E o4 7[sA &<l

-

@ Lactobacillus sakei Probio 65 A4 Z Eoo] X35 MXE & =A
op AW E£3¥ Lactobacillus sakei Probio 65 271 % B2 A5 £33
Aol £ 12X10%AHFE/g o (A ol2le] AERTA 3 FA7}

w4 e ARE Eder SA4)

b
et

¥ 3-7. Lactobacillus sakei Probio 65 X% % lgram® A¥E 4+ =4A

AN A= SZUZTE ANE9 MZES (CFU/9)
1.2E+12
1.1E+12
73E+11
9.7E+11
1.5E+12
14E+12
1.3E+12
2.8E+11
1.2E+12

N IWIN|EF

Pas

=l
0! MM

ENN (=}

Q@ TAAx B A gl
@b Lactobacillu sakei Probio 60 5Z271% % 1go Ay S/ 1lmlol &3

5 MRS 3 HaujA|o] =23 Ay gyfo] BEHA G

19 3-40. AMA A=

(7F) ZR A A ES o] &3 Lactobacillus AFeFA] A %
@ Lactobacillus sakei Probio 665 <E*18]3tH A&7]5o] AAH fAkt

AbtoR WFOR 1 FE HAT F Ad

ol
rr

@ Lactobacillus sakei Probio 65 A|X7} Ait o2 vl So%= 1 43 X4
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s 4% vhe}

T
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=1

of gl A4

1
T

1
=]

bof of

5]

Fatty acid methyl esters(FAME)&E g2 4

B D Aol A

1
-

©® Lactobacillus sakei Probio 65

ERy

o
=

AZvE 1

(D Lactobacillus sakei Probio 65 i+ Al 29} Aler A8

F AEvE

riga

7ol

l

A

e v

|

0

X
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1] " 1] L] 2 i e = Tl:

9 3-41. Lactobacillus sakei Probio 66 A5 A XA 5 (A), AP 5 Z2AZAEB) 2
thZ=7(C)e] WA A FAMEs L &2vHE 13

(W) 2R H2F palmitic acidS ©]-83F Lactobacillus sakei Probio 65 AbvtA o
D Lactobacillus sakei Probio 65 Abir A8 E3HE o8] F7{H ALAak=E
palmitic acid(16:0, hexadecanoic acid)i= methyl palmitate FElZ H=H
@ Methyl palmitates= Lactobacillus sakei Probio 652] Z A FAMEs]A
A s vl Eo] A, wgERAd wE dHHe AR How Xkl

ARutEIR el o Awabe] §xe} syt geldor Ax

i
i
fru
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H H HHHMHMHMHMHKHM HUHM MH HMH HM HRDO

H=-C~-C-C-C-C-C-C~-C~-C-C-C~-C~-C-C—-C-C~-0~C—H

H H H H H H HMHHMHM H H - H-MH

16 15 14 13 12 11 10 9 8

7

6

5

4

3

2

1

19 3-42. Methyl palmitate®] G+%

. Methyl palmitate 1mg + hexane

; Methyl palmitate 0.5mg + hexane

; Methyl palmitate 0.1lmg + hexane

; Methyl palmitate 0.0lmg + hexane
W A =2 At TAAR AR

D ARE]
AR 2
D AR3
D ARE2
D ARS
D A=A
C A=3
D A=A
D A&
D AlE6
@ Y

10mg
10mg
10mg

10mg + 0.1mg Gylceryl triundecanoate
10mg + 0.1mg Gylceryl triundecanoate
10mg + 0.1lmg Gylceryl triundecanoate
100mg + 0.1mg Gylceryl triundecanoate
100mg + 0.1mg Gylceryl triundecanoate
10mg + 0.1mg Gylceryl triundecanoate
10mg + 0.1mg Gylceryl triundecanoate

1
H

Wi 2@ wiSHE Lactobacillus sakei Probio 6529 2 FAMEs

+ j

22100 ojs Auatel 74 mleo] 2 detd
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¥ 3-8. ©E AdFoA w3t Lactobacillus sakei Probio 65 A9 AHxk
T4

FAME" THHIE (EF n=10, %) EEEA
14:0 34 15
16:0 26.0 16
18:0 1.1 12
18:1 w9c 24.2 39
Sum F 3 & 7.4 1.7
Sum F 7 16.2 9.8
Sum F 8 19.1 6.1
* gl 19049 AAr £33
& Summed feature 3, 16:1 w7c¢/16:1 wbc; Summed feature 5, 18:2 w6,9¢/18:0
ante; Summed feature 7, un 18.846/19:1 w6c/19cy; Summed feature 8, 18:1
w7c/18:1 wbe
@ E+E 29 GC-chromatography 4] ¥ response areas ©| &3 A &AM =A
o) 43 w2 ZA 3 methyl palmitate EFEH S GCE A3 3 e
U+ response areas ©]83%F WAL E&
W Y = 77245+X + 1880
X = (Y-1880)/77245
Methyl palmitate (mg/ml) = (Response area—1880)/77245
¥ 3-9. 92 49 F%9 methyl palmitateE 3§53 A2 GC #4
Methyl palmitate (mg/ml)* GC chromatog::;nel Response
0 0
0.01 8172
0.1 79342
0.5 394313
1 771221
10 6502000
100 65120000

© Methyl palmitate A &< 1alA A Fe] A|EE hexaneo] &3llste] ARE
st Aexol ATEE Fol7] Y3 0~1mg/mls®E ¥ response areas

ol-gste] AFAAS AT

= 1

—
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900000
200000
700000 -
600000 -
500000
400000
300000
200000
100000 -

0

y=77245x+ 1880.
R*=0.959

Response area

0 0.2 0.4 0.6 0.8 1

Methyl palmitate (mg/ml)

1% 3-43. Methyl palmitate®] %S el = A ZA

@ GC-chromatopraphy @] response areaS ©]-83%F palmitic acid(C16:0)¢] %

@b GC A4S 93 Palmitic acidel methyl 715 Z3$A 7] methyl palmitate®]

¥ A%
W Akt Al 59| palmitic acid Y= 4357 a8, Mrr oA 52 FF A7}
EorE A il dAET FAAE A ARE FH T

@ AzHT 7} Aol Lactobacillus sakei Probio 65 At A& 10mgoll &
1.2x10" 71 AE7F 3= e

@ AZWHI7} olst Lactobacillus sakei Probio 65 Abit Al & 10mgol
St HARAS FE 5 GCE 43

A ZH 57 o) st Lactobacillus sakei Probio 65 ARt Al & 10mg/mle]
N B 2Z5E 36pug/mle] methyl palmitate’} 7% %

Lactobacillus sakei Probio 65 A3 1.2x10"7) o] 4] 36pg®] methyl
palmitate”’} &%

@ 1 pug® methyl palmitate®] #HZ-S Lactobacillus sakei Probio 65 3.33x10°

cello] F&3 Mgl Ffsol A& vhery
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¥ 3-10. ©E batch® Lactobacillus sakei Probio 65 AbA] Al BoA F=3)
o

FAME< methyl palmitate®] response area@® 73t methyl palmitate®] <

AE No Response area of Methyl Methyl palmitate
palmitate (mg/ml)
1 27372 230
2 31776 937
3 27574 233
4 28430 244
5 27574 3.3
6 35405 434
! 30362 6.9
8 32436 296
) 29354 5.6
10 29849 %6.2
i 29602 6.0
FEAA 2582 33
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of, AN 3

(1) Lactobacillus sakei Probio 65 AbitA] 3 24

(7h) A A+
FrAke 10/g o) 8k

@ gt
o) At S A

FAE7) A HA

, Staphylococcus aureus,

> %A(-)]

Staphylococcus aureus: 273

A WA 1x107

o5 —> &4

-> _%/H

A ubA| o

[e]

Yeast and Mold: 1x10%> ©o]&} -> 15

4 EEnedaE A

AA4H AN

I T | &%
FlE |opiemmeie i =7 =
40 [ & b | HANE 155 07 @4FY L1-, XAk, 2050
19 |*is
T T [ ehdAv Txi-un
dajsivie | pud l PNUSE | reasrora
ISt 8 B HA QMR WS RS B _date p ded:d 8 @
T an AR |
BdEE fren g |

‘|ﬂ'l"l APl o wariydidre mp/ ....,- -

&i‘?l’n‘#l-i‘!-'f“ﬂ

e 1Y

R L

19 3-44. Lactobacillus sakei Probio 65 At &2

o Do =

, Yeast and Mold

A48 A

|I-#-l|h

o~ s
| e |7 imamman = = ]
SR | 44 | EeE sy NPT R A, 2HA, ML
. .H.*H_"_ rm——
aEH TR R k-1 1=b1
i { T T

I__rﬁaﬁ 'idfl

Abiek $o) WAL QAR LM ohlA O

Q4 8d 1 wust g U 8

| LA e a4 weald
|aoee Jax oheim
LR B [kt
e |uu&(n pus 45 EAm nan
:rl-‘. e [an EEE]
| g v  |uh ELCE
|
1
wed uE

| dadxsEn Ty

| dnpfe il TP T I A ey e
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19 3-45. mpolAEdolBE AEFA Y HEE

@D A& Application of microwave for the production of ghost probiotics with

concentrated Lactobacillus cells

WEshE: 2016 HRAB TS FAGEARANE D FAYEAY

(W) =8Fa
D A& Self-medication and antibiotic resistance: Crisis, Current challenges, and
prevention

st A Saudi Journal of Biological Sciences
&

LB RS A £9 gelA ;s ¥ o ZEueled f

=

™
=l

| B3 W Tea e

o
2

o otal

1o
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(4) Lactobacillus sakei Probio 65 AFiFA] A A& Zuj

(7h) A FEFA

__'Z_
@ =l 3JAF 1 3tell =79] 1340l AAEFS o5

4 <L KT
. £5 94 A A4 EAaYE Boeg
"R TP
L]
3 vy Rews
kg m bew = Jhoa
2 FHSEE EEMT s w AR
4 ses Agdsp B
L = dgd PLE RUBT §34 Siec
R 3-46. EFAE 2E R U
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(5) Lactobacillus sakei Probio 65 ARt A Al A% 10Kg &

ko
=

Al A 2

A
¢
)

—

7h <

ol
=

B2

@O AF2A AF

19 3-48. AREA AIAS

10Kg

3T
=3

19 3-49. AREA] AJAS
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(6) AbtAl Az=37g A

1.8mg/g

N = 383 A
_ Lactobacillus sakei Probio 65 | _ N
HEZ3 SEHT 314-81-33767
At
o _ = MZ=Al HXI QA= 2l
g4z EEZHIo|_Y AFAZEA T K| 111':;1_85 FA HZIH >SS =
rS=lt 070-4923-0650 THA 02-566-0652
378 s8xA AESoINE: =2
ZRE0l 70| 165 rDNA H7|M Y =l
=0y B ZFHH X|: MRS broth medium* (&EX1) S AR 100
cmtlce HYQE=A: 37°C, 16~18A|ZF HY Q¥ 1x108CFU/mL
* HiJH|X| = SHjat 2HF0N L
!
H ZH X|: MRS broth medium (2X&1) o AtoL
HHY ok HY L Z=Z4: 30~37°C, 16~18A|Zt HYQF 2x11()T9€FU/mL 100
S A = Fod 3% A = 91494% £
!
g|M&r: 15,000rpm
de&el A’?_P: S INE IR 0.6
!
" . e = - it £
J
Ao xAL* 00| =908 AL He2|FK| M|
*23| AZSHAM Hh= oAtm A
A A@ZE2" 121°C, 15min X2 T M20A 1Y TN
G x| < 1000 CFU/g
33| LM EHE
!
ol =24 OlHlsAXH: FH40°C/ 6~12A[2t
J
=7 74 as ° A AF 20°
saAx = AHAZXZA: Storr, G} 40°CO|A FA 20°CE2
=25k B3l 60A| 74
!
Sy Sa7|0H 24 Metqy;rﬁg'/r;"tate 019
!
At gt Lactobacillus sakei Probio 65 Az Methyl palmitate 0.19
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(7) Ar1shgar 2wz

O Aeish 4%

T5 AR
15 3 [SES
S 7ﬂ‘?‘=_$ A 744 0.059¢
_ e 3
UL :
M &2 7HA] 5094
HAAE =
&5 343k vl 2009] 91
§ 1%
7 151 5ol :ﬂi
L7 0.1%
7] A) = %
NEE FF 39 ’
7} Al 30%
A 5%
A & A7
s A 50%
e A 5
6‘(}:‘5‘ 3w 20%
U 50%
A A7 A AF AAANG EAE
B4 i
) 39 3 AE AA AFEAE
O A3t A8 2 vz A4
g = AR =
A3 A8 7)17H0A)
28 oA RE)
oA mjEHR & A 7H4] < LS
(1) 0.05 2 5
Az A9 ©91(%) A7) R LS
Al AF
ane | !
=9 0.1
FF Bes)E, AFS
&3k B Bal AE NEJAY AREA Z2ulo] 8 AE ALk
7} akA 2
(91: °1%) A 3 %
T fI:Z] 2=~ 0] = 2=
AA w3 FA A A ()
* =

_64_




7 e 9 (%) 7h a3 ] 94 (%)
1. AbtA] At a3 pE T A 2
At AN R T
- T . 13101 AHEE, 100%
(Lactobacillus sakei CFU/mL 20 1x10" o] A} _ i
A EFFH 71E A9
715)
WA AT 500
A AT 50% W) A e 1009
23t Ax PANTONE 20 o] sH(PANTONE -
(A, FEakalbA)
7502 C)
o L= 2F 50ml/ming
1ss o4 A4 &5 ml/min 20 50 ©]4+ A, 100%
(AFsd 29)
2. AbTEA] A A E
A A E ALk )
o 0 N AE10Kg S,
(At A 71 1x10 Kg 10 10 o]% 100% (A A= AHA)
CFU/g) ’ e
AbtEkel 100%
o =]
F Ak CFU/mL 5 10 o] s} (ol 7] ka4
27t 8kel 100%
]V b
o) gt ot CFU/mL 5 0 (017 T34
Staphyl CFU/mL 5 0 AR, 100%
aphylococcus aureus m (2173354
S — L1 ol A5tekel, 100%
s Cht/m > el (2917] T4
Vo A3tekel, 100%
Yeast and Mold CFU/mL 5 1x10° o] s} (017 7 A1)
3. 4dst 2 &8t
_‘Hchry _,EJ_ I~ = = /K_‘i j| IZ]Q,Z o)
Abat J_‘ TaEAA zxo a . A o] A AEwE=A 270, 100%
(B2B e ] AbtAlF) H=A)
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10. ATANLHAY EH AT

| B \ D-12
T ARAFelR _
i R EEAAA/ . Ul sk
_ (= _ s _ e Impact | =AY | (AR
HD | = /58 /71 g | 5= N (SCIe5/<1
/58 7] ¢ 7 Factor | /53l&9Y | = e
/71 Fuapp | O °
nlo] I 2 YolH  |GEZA}
=3 =k Eiadll A1 @5
1|59 2144 oy | TH o gkl = 2016.11.08
Self-medication
and antibiotic | __ _ o
-] resistance: Crisis, FZ=Zn} =5 Abg-tfote} =
2 | = Current o] 0.4 T3 ol 1.78 12017. 1.12. o= SCIE
challenges, and
prevention
Application of
microwave for the
roduction of |FE=ZH} .
3 |7g| P ey 3 | gaa= | . | 2016.4.22
ghost probiotics | ¢]2.Y
with concentrated
Lactobacillus cells
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12. 53

O Fuyjiki, T. Hirose, Y., Yamamoto, Y. & Murosaki, S. (2012). Enhanced
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