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35,9004 49,000

http:/ /www.probionic.com/pro0l.ph
(http:/ /item2.gmarket.co.kr/Item/Detail Vie (http P P php)

w/Item.aspx?goodscode=515069364)
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Reveenue (USD Million)
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wn
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2010

27,941.8
30,065.3
32,290.2
34,615.1
39,556.7
42,167.4
44,9505

2011 2012 2013 2014 2015 2016 2017 2018

HRevenue

I8 13, 2 ZZHlo|SEH A AATFR

A2z

| : Transparency Market Research, 2011

Key Participant Share
(%)

Compound Annual
Growth Rate (%)

o F2YH At S+ S E F23|A+= Danone, Yakult Honsha, Nestle 59¢] $JomH
NG AFE& 247 17.9%, 82%, 7.2%°|H, o] FoA A5 Aol AA|stE vlFS
845%° &3ttt

E 14 22 f4kd AFAA d3
Parameter 2012 2018
Global Revenues
(MUSD) 30,065 44 950
o North America : 10.9% o North America : 10.8%
Geographic Share o Europe : 33.8% o BEurope : 33.5%
(% revenues basis) o Asia Pacific : 41.2% o Asia Pacific : 41.5%
o Others : 14.1% o Others : 14.2%
o Food and Beverage : ° Food and Beverage
Key Application Share 83.8% 84.5%
(% revenues basis) o Dietary Supplement : 8.5% ° Dietary Supplement : 8.7%
o Animal Feed : 6.7% o Animal Feed : 6.8%

o Danone : 17.90%
o Yakult Honsha : 8.2%
o Nestle : 7.2%

Revenues : 6.83% (2013 —2018)

* A5

Z2] : Transparency

o 2014Y 7] FIto)

AR T HU YT nFoZA 20149 JFOE 29 4314‘1& &
Fom oA 3 9wt 28 7EZ SHAZ Be IS FUASAET

thu] 22.38% =713

TUI A AF ATEE oF 99 80615 ZERL
tH] 845%% Z/}stgon, 9 FYFonE n yYdds, =9, g, o
o]

Market Research, 2011
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(Etel = =el, %)
=7} 2012 2013 2014 m;g
=

=24 709,712,218 904,235,024 980,613,369 8.45

3 o= 174,818,189 261,779,491 243,140,406 | - 7.12
2 HEstE 99,754,422 110,984,107 101,893,098 | - 819
3 =g 47,555,149 56,133,339 81,318,233 44.87
4 EH = 25,189,329 68,420,383 80,558,445 17.74
5 CHak 42,845,564 55,641,866 67,830,400 2191
8 o= 19,027,914 32,145,574 39,339,460 22.38

AREA T Z2rlo] QE 2 AFRAL, FTE RN FRF A, 2015

(th 2A71d 8%

Danone, Yakult Honsha,

o AAVPoTE HAZTS =
| dac Y Agel os 4uw 4EATL
[e]

Nestle, Chr. Hansen 5°©

NIZO food research

—

Sk, £3), v
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2
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S
e
Y
BN
=2
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et

4k (Nestle)
(http://www.duolac.co.kr/mall/main/home.do)

LA E(Danone)
(www.danone.com)

Akt &2 (Chr. Hansen)
(www.chr-hansen.com)

o UWHOE fATF RUH FHL @A WY
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o FAE WHL 2018 BF FALYY AAZ FF @ FdolAol BANAL 5
2E2 BF R FRIHL YOBE FUSE HET 5 Ye AEN L] B3

1-3. A7 HY 2 uby

7h Az A7 e 9 H S
A=} 7Nk ATE 2 HH
(1) fAtt 28E Alx 2 SR
- 28 FAWES 2%, pH, A 240 E 2 AES)
pH W3}, AHAA  AF&(titratable acidity) W3},
probiotics W3}, FHITH(HE) S} m]3
= mTAWZ 8
O wesga ew| S 0T e i g dme 8 pue
b 2E 2AEY L
Ry S48 RO
- Hlo] e Z Y w4 = TEHOE, AAAR, GAEH
- Hlo] e EE W Hrlel wE g 2AES pH, I 4t
%, glass transition temperature ¥H3}EA].
1 = - FAEA, HA, stickiness, modulus (storage
|= modulus, loss modulus) &4 24,
(1) nwloleZgn TIvEd BEFdzx 2U(RE, 345,
ol e EFdx &, it &S &4
(2) THRES A E4E& 0|83 EFdx HE gex
O BFdx 7l&E ° A(EFHE, BFAx 25, 5, %) 4.
|3 Zoulo] LY - | (3) HiolEdw o WE FANAY dArtE A
At wlolaE &) <= EUEAI & &4 (wettability), A4k
9 B AlzxgAd gy (dispersability), A (viscosity), Z2FA(stickiness)
4
(5) SEM (scanning electron microscope)< ©]&3F -§4
7 nlo] A& g9 HATE 74
(1) I8 FEo|E 4 Ax3A=E &9
- BE FAHAUSA &%, pH, A Ao wE pH W3,
L0 wa mmas py )0 UEfiraebe sode) B8 b lf“fi:jﬁf
g 2t A oz g2 sbEo %%;L—]’-’(UJ—) SR W3} S mH ST
A= - 523},
ENE SR FARE o) wa mmos gwne 21 SARA
- AAAT], JAEE, JA Aol FHEF Fo] #3F ¥8
4 714 4.
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2-2. A&

7t.

EEE T

(D 4§ 7

B AN E FAF Z 28O E A9 Lactobacillus rhamnosus GG (LGG, ATCC
53103)& A&t

(2) Lactobacillus rhamnosus GG (LGG) ¥ &

LGGE MRS ®lA] (de Man, Rogosa and Sharpe) (Difco, Detroit, MI, USA)E ©°]&3}
37 TolA 24 ANz &<k 2 3] A vkt en, LGG MiEY 5 % (w/w)E A48 24
fr (reconstituted skim milk; RSM)ell FZF3tAth. RSM2 2% (w/w) ZE% (Ducksan,
Ansan, Korea), 1% (w/w) &EF F=%& (Thermo Fisher Scientific, Erembodegem,
Belgium)< 10% (w/w) RSMell &3 ste] Alxstgion, ddAgs 90 TolA 3023 A
Patact. LGG Bz gFde fgted 10% RSM #ldd, 10% RSMel 2% (w/w)
glucose®t 1% (w/w) yeast extract® H7Fst WlFY, 2% (w/w) glucose?t 1% (w/w)
veast extract®t H7IgF wiFd & 77 Azt 42 TollA 24A3F <+ vigstaA F3
T, A+, pH ¥W3E 242 AEs o

=

(3) ¥4%=, pH B Ao 54

LGG AAEA 2L ¢35t spectrophotometer (DU 730, Beckman Coulter, Brea,
CA, USA)E °]&3t9 600 nmelA F3= (Optical density)E FAstAh LGG TEE2
10 v} A3t ZAH3HR oM, MRS #lFA S H2TFOE ALESIAY. BE F wjgd e
pH wW3l= pH =A7](5220-K, Mettler Toledo International Inc.,, Schwerzenbach,
Switzerland)E AF&3le] A3 AT 2FE = wdNRe] AW (viable cell count) WH3t=
A8 3wkl AZ(20 ul) & MRS-agarose nA|HjA| o] = stk wjeke 37 € 9
A71A0 2HANA 24AT FF wiYgd F FAPHE FEYE AgstY CFUmMIE YeRR L

)=
g (1) & 1¥8E o] 30% (w/w)ZE ZAHE RSM, (2) LGGE HjY¥3 RSMOo =2
LGG 34 (rRSM’, rRSM; RSM containing LGG by cell recovery step), &714 LGG 3]

3k & 1 M phosphate buffer solution& ©]&3le $j9} & WOz 23] oA X3Pt



o] HY Felo LGGE FHIIAT. F 1IFE FHES 10% (w/w) (RSM)H9 30%
(w/w) 'RSM)E 747} 2"t (3) 10% (w/w) RSMell 5%9 LGGE A T3t fRSM¥}
20%¢] SMP (skimmed milk powder)E H7lsted F ILFE FFo|l 30%E =AHH
fRSM-SMP, (4) ¥& RSM¢] pHE 5.29} 6.6°.2 A3 fRSM-pH 5.29} fRSM-pH 6.6
o= 747y A Az BE BEFUXE 95t Axd AELS £5dx A 30
& ol T&35 A3 & EFd=xed A&

Z B5¥21zx71(SD1000, Eyela, Tokyo, Japan)& A&t o™ oju] AE-S =&
2742 710 ymel ek Bz 24U AE FY 5, €F
m’/min ©]Ath Aol FE Yo £ %
Colitt. Axg #d2 Ax A%

Haztalr] Yste] AA2E 7 (0% RH)3H

ZF 150-160 TC, 80
exol % 9FL

Activated LGG
10%RSM  giock (MRS broth)

Cultivation . Ferment:ation
in MRS broth | in'RSM

No racowry & R5M || No [ Addionof || | PH520r66

treatment treatment || 20%smP | adjustment
Spraf{ drying
P
RSM (10%) rRSM’(10%) * i |
RSM’ (3u%l rRSM lao%] fRSM | fRSM-SMP i | fRSM-pHs.Z fRSM'pHﬁ.ﬁ i
(Typical process) (Alternative process)
O 2-1. Bz EdAxE A A34As

A9

i

2489 olgety 574

o
oo
©

g
o

e 4
D FASH B

A 542l shear stress—shear rate relationship Z%-& rotational shear rheometer
(DHR-3, TA Instruments, New Castle, DE, USA)AIE 3tH o™, ALE3F geometry=
peltier concentric cylinder (recessed/standard), <Z%3 shear rate W=
0.01-250-1/s°] 3} ot
AE o] A 542 Herschel-Bulkley 4] (1)& ©] &3} k (consistency index) #< Hlx
st At

=1+ k()" D

ol 71X, 7= shear stress, 7, vyield stress, kv consistency index, y+* shear



stress, n& flow behavior indexE Z7z Jepith =

Aot

al
>
e
rlo

& (25 T)ollA 8y st

@ Electrophoretic mobility =%
Electrophoretic mobilityZA-2 Zetasizer nano ZS (Malvern Instruments Ltd.,
Worcestershire, UK)E ©]-&3 Henry equation (2 2)ol #-&3}o] electrophoretic
mobility (u, 107°m*/V-s)Z A4+3t3 .

2./ (ko)

3n

o 71X, u= electrophoretic mobility, 2 dielectric constant, z+ zeta potential, f(ka)
+ Henrys fuction, g viscosity® YEpdT. BE A2 42 (25 C)AA APstAtt.

2

@ JA=7] E JAEE
BZAZXE 93 =AHE 899 Ydr=m7] E YAEXEE= Zetasizer nano ZS (Malvern

Instruments Ltd., Worcestershire, UK)E ©]| 838} dynamic light scattering®. & =73}
dom, dAF7= A3)E ol&std FHI-HH JAF7] (dys, ynm)E AAHSHA T
Ydin.
d, 3= ——x100 €))
4,3 df’n,

A7V n= YRS, dE WA AEL 27 et E A¥e e (25 TelA
DE IS

@ PATx BZ

FAx £ AHEY HAFTEReE FEHEFAAUH(confocal laser  scanning
microscope; CLSM) (K550; Emi-tech Ltd., Kent, UK)& o] &3}e] 233 ct.

A

A A 0.9 goll #4tsted 108) 343k $ MRS-agarose
A z7dA 24 h WY & FH4E FZEYUE AFste] A
et ok, &5Fdx 39 AEE(survival ratio, %)< o

o714 NO=BRAZ A B z4Ee LGG A F4(CFUlg, AZF 713, N=R2Azx &
Bure] LGG A #4(CFUlg, A% 712)S Uehith



N

@

2~ 0
Az &

%

Ao

=
-

A

7z +&drying yield, %<& AsEFES 7€ 2 ALtedon, &3 22 A0E

Ag3to] AL T

B FERITHESTTF 71F, B TEFF SH7I(MX-50, A&D Co. Ltd., Tokyo, Japan)
S AFEet A dFvE HAC ¢ 1 g9 BZE FH F 105 CTolA 7HEste s
g o] FAZE dF 23U S e FAE =

RSPV =45t FESFS ALSIAT) o]}
2o o g 33 wE ZAse] HHFEroZ e THAOAC 2005).
— W,
X (%, drybasis) = 7 ® %100 (6)

4ol QA=) W JAREE YA=ZT] A7) (1190LD, CILAS, Orleans,
France)& ©|£3}a] Fraunhofer theoryol] wabil =339}

© wAHTF= B
B g9 mAMTx EALS AAEH A (scanning electron microscope;SEM) (S-4700
Field Emission Scanning; Hitachi High-Technologies, Tokyo, Japan)< ©]-&3}e] 3=zt

Skt

® 48 YHE 24

3
2
o
B
L
=2
R
|t
i
i)
Jm
ox.
rE
e

5eE4 SAL ERAE BYo fEsw] FAXD)H =2ede W 45
GFoE HAY 2 go EFAx Y¢S Y FUFE(RRH7} table 2-13 22 =79
A EFRe Wdd =geaEs 69 5% FASNT. SLESTHES  GAB



(Guggenheim-Anderson—-de Boor) E@(47)< o] &3l 23T

X Cka,,
- o ) % 100 @)
(e}

X,, (1—ka,)d— ka, + Cka,
A71AL, Xewe HE FEIFH (kg water/kg solid), X2 ©@EAZo RS (kg

water/kg solid), a,= T8 A E, (= Guggenheim constant, k= correction factorZ

22t Jehat,

E2-1 5eEE 4% A% By 4UsE =
Saturated salts in the solution RH (%)

Phosphorus pentoxide 0
Lithium chloride 11
Potassium acetate 23
Magnesium chloride 33
Potassium chloride 43
Magnesium nitrate 53
Potassium iodide 69
Ammonium sulfate 81
Potassium nitrate 93

o

@ By FEFF 34

prAz 2Ue WY SEMFE E 13 2ol AUSEE 0, 11, 23, 33, 43, 53, 69,
81, 93%% 2t ZAHBALG. AEL AUEE7 248 dAACIH Y3 FP5Eo

Egst7] st 6Y€ s<F WA EAT. FEFEF %, dry basis) TFEEEF 54 71(MX-50,
A&D Co. Ltd., Tokyo, Japan)E ©]&3} 25 °CollA =H 3%t

BR Az Bdo fg o] £x = differential scanning calorimeter (DSC; Q2000, TA
Instruments, New Castle, DE, USA)E ©o]&3le SA3ATH. F 19 XA FFTE
gtefo)l =23 MZS 4Fu)g HA (TA Instruments, New Castle, DE, USA)o| Y1
Batdoh 7193 ¥z L5 10 °C/min £5 2 2904 100 °C B9 =A3sA ).
Heat flow (W/g-°C) £42 TA Universal Analysis 2000 software version 4.5A (1998
—2007 TA Instruments-Waters LLC)& ©]-&3}t}.

@ Sticky point temperature (SPT) =4
Sticky point temperatures (SPT) Z3A2 viscometer (LVDV III, Brookfield
Engineering Laboratories Inc., Middleboro, MA, USA)E o]&3le EA Z (mN/m)<



rh
ll

atgth o] MHHE 0.3 rpmlE I ASE AWEY o5 B
A EA ZF (mN/ mS A5y, B3 o] FAsH =73
. SPT —424011 AHEE AT EL figure 2-20] YEMAAT 2& L-shape® A A5+
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OF 2-4. A B FEE AXIAE.
@ Ginsenoside 4]

A&

Fol Fe&s APstal & 4ojF H dAE8(12,000rpm, 108)3H] G5
Az =

5 o} &
HeES AEste] ARE AREsIATH Qo wet WEEs ol&ste] MES
35t A3 H T 0.20um PTFE membrane filterS o]&3la] o3} Fof LC £
ALE3SFE T ginsenoside ¥ @FE41S  high-performance liquid chromatography-mass
spectophotometeryE ©] €33 o, oju ALE3F &= water®} acetonitrileS gradient
mode® ZHFAUATHE 2-2). A Ao|lE FFRA S F 2-39 2o &2 Pt on,
73L& Waters BEH C18 Column (1.7 pm, 2.1 x 100 mm), A& QDa detectorE ©]
|35t UV 3 9l 203 nmollA R&stH o, F 13 T M x=Ate] =(Compound
K, Rh2, Rh1, Rg2, Rg3, Rf, Rgl, Rd, Re, Rb2, Rb3, Rc, Rb1)¢} F AFEZY, ZALEH &
F= 47 B
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X 2-2. 89 gradient mode .

Time(min) Acetonitrile(%) Water(%)
0 5 95
0.2 5 95
2 30 70
9 33 67
13 58 42
15 100
16 100
16.1 5 95
20 5 95

3 2-3. High performance liquid chromatography mass spectrophotometry #41z=7.

Conditions
System Waters H-Class
Detector QDa detector
UV wavelength 203 nm
Column Waters BEH C18 Column (1.7 pm, 2.1 x 100 mm)
Flow rate 0.3 ml/min
Solvent A: Acetonirtile with 0.1% formic acid

B: Triply distilled water with 0.1% formic aicd
MS condition ESI +: 1.5 kV capillary voltage

ESI -: 0.8 kV capillary voltage




@ TLC pattern 24

FEEN T FEES FAUbstd dAE8(12,000rpm, 10®) & EEE FEE F&

Azxsta WMgE H7F F TLC 4¢ ol &3ttt WA Aol= TLC &4

TLC #ell HAst ZEZXF/ME-E/E(70:30:5)F AN th 5% F4F &
B(110T, 1)ellA 7hd & Fof] g ERlstqith. TLC patterne 3%

o] ZM Al E FHEE o 2A FRISHA T

kg Akokale]l AAEX LS electrophoretic mobilityS 2A3ste] dxte] EW A
(zeta—potential), YA=Z7] & EXE =AHTo 2 3215ttt Electrophoretic mobility
=& zetasizer nano ZS (Malvern Instruments Ltd., Worcestershire, UK)S o] &3}
Henry equation (2] 2)o] A£3} electrophoretic mobility (u, 107°-m?/V-s)Z A4+
o 4A=7] @ X = Zetasizer nano ZS (Malvern Instruments Ltd., Worcestershire,
UK)E o] &3} dynamic light scattering WHOo g2 =AY ow, A== FI-HF
AAA7] (dys, ym)= HERH AT

L f55 AXE7]1(BD-600S, Ireatech, Daejeon,
T GPAZ AHEE =52 olF =EoI%S
o A% A (binder) EE &9 A& 800 umelAtt. A& AdAl= 7T, 1%, 2%
AM Aol FEE, 1% PVP (polyvinylpyrrolidone)S Z+Z AR&39 T 717] FE %4
A A=, FAT 5 o", AgA =Y S5 44 55 °C, 200 L/min, 20 kPa,
1.5 ml/minel A, AgA+= 20 &< FAsIRoH, AFAE FAUZ o] Fol&= 58 &

AxE YA



a9 2-5. dAEA 2dE AT w5F =7 (BD-600S).

Eeo] HadE(bulk density) A2 wWl2ddT o 50 go w¥e] ¥ RyE SAS)
Atk B Wx(tapped density)E WA @de 50 gof ¥2e] Qi nige] oF 100 3 &
S FEX Foll ¥ o) Ry Wyt gle wWe F9E SAHEAH.

o] FSE(porosity)& FAZ FIHEe § IES o8&t =3 22 AHO)<=
o] -&atd Altste] =lsTh
(pbulk - ptapped)

e= — WPTT 100 (8)

p app

Oq7]A-]’ Dbulk= J'?"IL] ‘QE, ptapped—t_.“ ]% IRt Z—}'Z—}' ]/]'E]"{HE"'

%

A\

@ 22 58Y L S

2] 3EA (flowability)9} 834 (cohesiveness)E =43
2-

E Fudzel ] AT E o] &
63 2-79 Carr index (CDe} Hausner ratio (HR)Z

72t o) gate] B2ty



¥ 2-6. Carr index (CDol }& Ero] s &4 &
CI (%) Flowability
<15 Very good
15-20 Good
20-35 Fair
35-45 Bad
>45 Very bad
¥ 2-7. Hausner ratio (HR)o| w& B9 XA F&
HR Cohesiveness
<1.2 Low
1.2-14 Intermediate
>1.4 High

Bulol g A(wettability) EAM#T  EE(capillary flow)¥ 52&  HZ=ZH(dynamic

contact angle)g Z=#3le elstHtt. Capillary flows Washburn methodES & -&3}e]
a9 2-69 2 Yo AT A5 ®ol7b 474 10 mmet 100 mme| f-El
Hol fEldds ZE Ho|HE o] &3ste] T, oF 1 go L& At &

T2 A AU B3 WL QL WAA Heel JbEA FEN F R2U2GA A4
wRo AES AR A} HE A 108oIQon, A HEer] A Fo| A
WalE ZHstact

LEEL- powder

o e e ]
Rl suppon

1% 2-6. Washburn method& ©]&% capillay flow % 4%

test liquid

Dynamic contact angle 18 2-73% & W og =AUt &gtole Febxo ok
H HolZE Fola, IS Hyo x 3
SEO Co. Ltd. Gyeonggi, Korea)& ©]&3}e] u A3}

Al e FHFFE A3, A
ztE] A" 7 e} E o] 831 1% FE o E AR S FYste] =28 ALksy T



Water droplet  Powder particles
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Slide glass
a8 2-7. HEZ =S E3F dynamic contact angle 23 R4 %,
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24 Frtskad. 7k A
£ F&AH. disEs RH
15 A= F 609 w<F Y3

AZF 555 HPo ASHLS wm BAS] Astel AgelA 43 ot Fe B
srteolg s AFS FUSAL £, Aol BE AT NEEE B 95t
g AFES Fobs AFS TUs] viw BAS AYshart

AFANA FUG BT Zuto] 08 AFL F 6T, FYIAAYAF LT (A
F9 0 oEe)e] AFe 1% olUtHad 2-8). YABHS vm B el g2

71, 8= (%, db), HZ=Z (contact angle,?), ZTEA (flowability, CI, <HA

(cohesiveness, HR), ¥4k (dispersibility, %), B (viability)E Z+z 8434t
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LGGe HA wdxzds 3] st 10% A48 EAFRSM), 10% RSMell 2% (w/w)
glucose} 1% (w/w) yeast extractE FH71sH wj g, 2% (w/w) glucose2} 1% (w/w) yeast
extract®t F7Fe WA S 247 Azt wjFstE A AAdS AESEAT. Figure 1(A)NA =
MRS brothell A1¢] LGGE AA =4S Yelr Atk Figure 1B)A = Wil 24E5S
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Figure 2-9. Optimization of growth conditions of LGG in (A) MRS broth at 37 oC
according to optical density at 600 nm and viable cell count (log CFU/g). ), (B)
viable cell count (log CFU/g) of LGG during fermentation in 10% (w/w)
reconstituted skim milk (RSM), 10% (w/w) RSM+ 2% (w/w) G+ 1% (w/w) Y, and 2%
(w/w) G+ 1% (w/w) Y.

(2) BRAz 248 ol8lety U fusty S4RA

g fste Az EFAx 899 RSM, fRSM, fRSM-SMP,
rRSM' 9] FAIEAS 4% 235 Yeld 2 Y. Flow behavior index (& vlxg 2
MZ S shear thinning behaviord f4AE54S Yelidct. LGGE RSMoA 2

a3 AZR] fRSMO AA=717F 7.13 ymZ2A] ¥2E Zof Z71sl= AL st

Table 2-8. Total solid, pH, volume average mean particle size by dynamic light scattering,
and electrophoretic mobility (w), shear stress-shear rate relationship of feeding suspensions.



Feeding SMP* pH Particle u Shear stress-shear rate relationship

suspensions (%) size(um) (10°m*V-s) f (Pa-s")** gk R2

RSM " ? 30 6.6 0.24 £ 0.00 -1.42 0.0155 0.9768 0.9999
fRSM® 10 39 7.3 £ 0.51 0.52 0.0066 0.8616 0.9920
fRSM-SMP* 30 52 030 £ 0.11 -0.20 0.0583 0.7746 0.9995
rRSM " ¢ 30 6.6 024 £ 0.00 -1.37 0.0090 0.9750 0.9999

* Skim milk powder; ** Consistency index; *** Flow behavior index

4 30% (w/w) reconstituted skim milk

® Fermented 10% (w/w) RSM by Lactobacillus rhamnosus GG (LGG) at 42 oC for 9 h.
¢ fRSM-SMP: fRSM with additional reconstitution of 20% (w/w) SMP.

430% (w/w) RSM with LGG pellet from the MRS culture.

Figure 2-10°A+= BEEAZXE Ysto Ax3 BEAx &9 RSM', fRSM, fRSM-SMP,
rRSM’9] shear rateo] wWE shear stress W3S YEMZ ot ZE FAls vIFgERAA
psedoplastic FA120 AL FAFFPtt. LGG HE FF o] fRSML shear rate 7o W& shear
stress7b 718 wigkont, fRSM-SMPo A= 718 &2 shear stressE YERAIAT.
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Figure 2-10. Shear stress (7, Pa) for spray drying feeds as a function of shear rate (3,
s-1) at 25 C.

@ pH7t BEAx 2489 B4 nAE 9F B4
pH7} #2722 248 fASA vlAE 9L FAs] 9i3te] pHE 3.9914 6.6

HAE 2435t 5‘“113}9\“5\13}. Table 2-9°lA &= #Al9 pHS FASAS 43 2345 U
Bl QY. pHZF 3.9914 6.6 =7}ste] wabA consistency index”’} 0.0066 Pa's
oA 0.0237 PasZ Z7Fst{th. Table 2-9¢} figure 2-11 A3} ZFE, fRSM, {SM-pH
5.2, fRSM-pH 6.6 shear thinning®] FAEA4E YeEl I o™, RSM3} rRSM-S shear
thickening®] 4 EA<S &2lstTh



Table 2-9. Total solid, pH, particle size by dynamic light scattering, and electrophoretic
mobility (w), shear stress-shear rate relationship of feeding suspensions.

Feeding SMP* Particle 0 Shear stress-shear rate relationship
suspensions (%) P size (um) (10°-m*V-s) k (Pa-s")** n¥E* R’
RSM* 10 6.6 0.21 + 0.00 -1.61 0.0015 1.0480 0.9979
fRSM"® 10 3.9 7.13 + 0.51 0.52 0.0066 0.8616 0.9920
fRSM-pH 5.2° 10 5.2 3.43 + 2.93 0.16 0.0087 0.8680 0.9937
fRSM-pH 6.6 10 6.6 0.35 = 0.11 -0.85 0.0237 0.6916 0.9776
rRSM* 10 6.6 0.21 + 0.00 0.01 0.0019 1.1450 0.9987

" Skim milk powder; ** Consistency index; *** Flow behavior index

% 10% (w/w) reconstituted skim milk

® Fermented 10% (w/w) RSM by Lactobacillus rhamnosus GG (LGG) at 42 oC for 9 h.
¢ fRSM after pH adjustment from 3.9 to 5.2.

4 fRSM after pH adjustment from 3.9 to 6.6.

¢ 10% (w/w) RSM with LGG pellet from the MRS culture.

6 TS Rsw®
14 {% fRSM"
® fRSM-pH5.2°
1.2 {m fRSM-pH6.6¢
¥ RSM*

1.0 4

t (Pa)

0 50 100 150 200 250

7(s”)
Figure 2-11. Shear stress (7) for feeding suspensions as a function of shear rate (y -)
at 25 C.

% 10% (w/w) reconstituted skim milk

® Fermented 10% (w/w) RSM by Lactobacillus rhamnosus GG (LGG) at 42 oC for 9 h.
¢ fRSM after pH adjustment from 3.9 to 5.2.

4 fRSM after pH adjustment from 3.9 to 6.6.

¢ 10% (w/w) RSM with LGG pellet from the MRS culture.
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Table 2-10. Drying yield, moisture content (X), and volume mean diameter (ds3) of
LGG powders.

LGG powders Drying yield (%) X (% d.b) dss (em)
RSM™ 67.95 £ 1.94 9.19 £ 0.05 8.80 = 0.41
fRSMP Not measurable 13.18 = 0.47 Not measurable

fRSM-SMP* 36.1 £ 1.05 7.87 £ 0.12 13.05 £ 0.36
rRSM¢ 35.77 £ 1.09 4.69 = 0.20 12.66 + 0.49

a LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk
b LGG powder obtained by spray drying of fermented 10% (w/w) RSM with Lactobacillus

rhamnosus GG (LGG) at 42 °C for 9 h.
¢ LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20%

(w/w) SMP.
d LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.

Table 2-103 figure 2-120A= BEFAx B Artar|ef Bx 9 FB3FeEFS e
W Jok. fRSM-SMPeF rRSM'9 dAx=37]= 22t 13.05 pym, 12.66 pmS
S el At =3, fRSM-SMP$ rRSM'¢] YA =

of FEFFS 13.18%=2A4 7H w3kom, nloleZevdd SMPE A7He A-5-ol= 4-8%
M s,
------ RSM®
6 | —mm fRSM-SMP®
) ——— RSM°
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Figure 2-12. Particle size distributions of LGG powders as a function of volume

mean diameter (dys).
2 LGG powder obtained by spray drying of 10% (w/w) reconstituted skim milk
> LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.



¢ LGG powder obtained by spray drying of RSM’ with LGG pellet from the MRS culture.

pH7} &5z &3 2LE5A mAe 9F< FUdstr] #ste pHE 3.9914 6.6
oy o

Table 2-11. Drying yield, moisture content (X) and volume mean diameter (d4,3) of
LGG powders.

LGG powders Drying yield (%) X (%, d.b.) dss (um)
RSM* 67.95 £ 1.94 9.19 £ 0.05 8.80 £ 0.41
fRSM" Not measurable 13.18 £ 0.47 Not measurable

fRSM-pH 5.2° 21.95 £ 3.46 14.85 £ 0.52 186.45 = 8.35

fRSM-pH 6.6 28.74 £ 2.22 16.65 = 0.79 12.24 + 0.13
rRSM® 36.74 £ 1.64 12.01 £ 0.00 9.40 £ 0.51

3 Lactobacillus rhamnosus GG (LGG) powder obtained from spray drying of 10% (w/w) reconstituted
skim milk (RSM)

® LGG powder obtained from spray drying of fermented 10% (w/w) RSM by LGG.

¢ LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 5.2.

4 LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 6.6.

¢ LGG powder obtained from spray drying of 10% (w/w) RSM with LGG pellet from the MRS culture.

Table 2-113} figure 2-139-E EFAx Ede] AA=r|el B 2 5
Wi ot BEFAx A 371 8-186 xm ¥BH A fRSM-SMPe &
10%NA 30%=2 243 459 EFdx dAe a7+ 22 13.05 ¢me} 186.45 ym=EA]
Tz BREARE AFES SMPE H7Esel webA] dA=a717t Zopoh ®E=gE, fRSM-SMP
o] pHE 5.20014 6.602 %< A$oE 186.45 umolA 12.24 ymE YA=7)7F ZrobA
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Figure 2-13. Particle size distributions of LGG powders as a function of volume mean

diameter (ds3).

& Lactobacillus rhamnosus GG (LGG) powder obtained from spray drying of 10% (w/w) reconstituted skim milk
(RSM)

> LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 5.2.

¢ LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 6.6.

4 LGG powder obtained from spray drying of 10% (w/w) RSM with LGG pellet from the MRS culture.
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Figure 2-14. The microstructure of feeding suspensions and LGG powders (Scale

bar presents 20 pym for a, b, ¢, d and 5 um for the others).

a=RSM, 10% reconstitured skim milk; b=fRSM, fermented RSM by Lactobacillus rhamnosus GG (LGQ);
c=fRSM-SMP, fRSM with additional reconstitution of 20% (w/w) skim milk powder (SMP); d=rRSM’,
30% (w/w) RSM with LGG pellet; e=RSM conditioned at 0% relative humidity (RH) for 6 days; f=LGG
powder obtained from spray dried fRSM conditioned at 0% RH for 6 days; g=fRSM-SMP conditioned at
0% RH for 6days; h=rRSM conditioned at 0% RH for 6 days; [=RSM conditioned at 69% RH for 6
days; j=fRSM conditioned at 69% RH for 6 days, k=fRSM-SMP conditioned at 69% RH for 6 days;
1=rRSM conditoned at 69% RH for 6 days.
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Figure 2-15. The microstructure of feeding suspensions and LGG p-owders (Scale

bar presents 20 um for a, b, ¢, d, e and 5 um for the others).

a=RSM, 10% reconstitured skim milk; b=fRSM, fermented RSM by Lactobacillus rhamnosus GG (LGQG);
c=fRSM-pH 5.2, pH adjusted form 3.9 to 5.2; d=fRSM-pH 6.6, pH adjusted form 3.9 to 6.6; e=rRSM’,
30% RSM with LGG pellet; f=RSM conditioned at 0% RH for 6 days; g=fRSM conditioned at 0% RH for
6 days; h=fRSM-pH 5.2 conditioned at 0% RH for 6 days; i=fRSM-pH 6.6 conditioned at 0% RH for 6
days; j=rRSM’ conditioned at 0% RH for 6 days; k=RSM conditioned at 69% RH for 6 days; 1=fRSM
conditioned at 69% RH for 6 days; m=fRSM-pH 5.2 conditioned at 69% RH for 6 days; n=fRSM-pH
6.6 conditioned at 69% RH for 6 days; o=rRSM’ conditioned at 69% RH for 6 days.
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Figure 2-16. Moisture sorption isotherm, the moisture content (X) of the LGG
powders after storing at 25 °C for 6 days in the desiccators having various relative
humidity (0, 11, 23, 33, 43, 53, 69, 81, and 93%) as a function of water activity
(aw).

* LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk.

> LGG powder obtained by spray drying of fermented 10% (w/w) RSM with Lactobacillus rhamnosus
GG (LGG) at 42 oC for 9 h.

¢ LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
4 LGG powder obtained by spray drying of RSM’" with LGG pellet from the MRS culture.
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Figure 2-17. Moisture sorption isotherm, the moisture content (X) of the LGG

powders after storing at 25 °C for 6 days in the desiccators having various relative



humidity (0, 11, 23, 33, 43, 53, 69, 81, and 93%) as a function of water activity
(aw).

* Lactobacillus rhamnosus GG (LGG) powder obtained from spray drying of 10% (w/w) reconstituted
skim milk (RSM).

> LGG powder obtained from spray drying of fermented 10% (w/w) RSM by LGG.

¢ LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 5.2.

4 LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 6.6.

¢ LGG powder obtained from spray drying of 10% (w/w) RSM with LGG pellet from the MRS culture.

TrAxE 29 54& 2437 fste AT, ST, Feg84E, 54, o4,
B, 2AE 55, Adss 44 245w 2AEREOMP)E dE2TE ARSEHAY
SMPe ¢zt371E= 51.73 mmolRoy EFA=x EAF(RSM), rRSM,

e gz }i SEXE
2-0.35 Wslelgich.

Aol g wok
O}, 7 o]9)e MZTo] XML 124-1.34 HYEA HAA X o] A= AL )
% tHtable 2-12).
Table 2-12. Characterization of spry dried powders.

Parameters SMP? RSMP rRSMe fRSM+ SMP¢

Particle size (D43 ,um) 51.73+1.28 9.98+0.08 9.58+0.20 9.96+0.18
Moisture content (%, db) 5.75%+0.34 6.33%+0.38 6.86+0.32 8.27+0.71

Water activity 0.35%£0.02 0.20%0.00 0.24%0.05 0.30£0.02
Flowability (CI) 19.40+2.48 33.65+0.44 33.57+0.33 24.4942.89
Cohesiveness (HR) 1.1940.02 1.3440.00 1.3440.00 1.2440.03
Dispersibility (%) 59.05£0.55 29.97+1.24 55.50+0.36 24.41+0.04
Capillary flow (%) 1.47+0.08 0.9740.06 0.9340.04 1.17+0.02
Viability (log CFU/g) - - 8.62+0.33 9.60+0.01

 SMP : skim milk powder.

LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk.

LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.

LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
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Figure 2-19. Particle size distribution of spray dried particles.
@ SMP : skim milk powder.
> LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk.
¢ LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.
4 LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
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Figure 2-20. Measurement of dynamic contact angle of skim milk powder (SMP)
RSM, fRSM+ SMP, rRSM for 400 s at 20 °C. Relative humidity was 30% using a

humidity controller.

2 SMP : skim milk powder.

> LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk.

¢ LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.

4 LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
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Figure 2-21. Measurement of dynamic contact angle of spray dried particles.
4 SMP : skim milk powder.



> LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk.
¢ LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.
4 LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.

UER A tHfigure 2-22).

T, (°C)

Figure 2-22. Glass transition temperature (Tg) of the LGG powders stored at 25 °C
for 6 days in the desiccators with various relative humidities (0, 11, 23, 33, 43,

and 53%) as a function of water activity (ay).

2 LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk
> LGG powder obtained by spray drying of fermented 10% (w/w) RSM with Lactobacillus rhamnosus

GG (LGQG) at 42 oC for 9 h.
¢ LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
4 LGG powder obtained by spray drying of RSM’ with LGG pellet from the MRS culture.

Table 2-13°14+= 0% RHolA 9 fEdeo]l2=(Tg)E Yl ok TEE AYstA| &
< RSM9| frgjdol&xs 78.5°CEA 7HE & @S Hetdilew, 2aE I3 fRSMY
735-o& 55.8 °CE ZHAsA T



Table 2-13. Glass transition temperature (Tg) of the LGG powders stored at 25 °C
for 6 days in the desiccator with relative humidity (RH) of 0%.

LGG powders Tg (°C), (RH=0%)
RSM™ 785 £ 2.5
fRSM" 55.8 £ 2.7

fRSM-SMP*¢ 62.1 + 0.2
rRSM"4 61.0 £ 0.3

2 LGG powder obtained by spray drying of 30% (w/w) reconstituted skim milk

> LGG powder obtained by spray drying of fermented 10% (w/w) RSM with Lactobacillus rhamnosus
GG (LGG) at 42 oC for 9 h.

¢ LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.
4 LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.

Figure 2-23°4 & & 138 FFS 1092 2-sta 7502 2AHEY pHE 3.990A
5.5¢F 6.6°0.% Xdslo] AxF EFHx 2EY FREEHE =Hd & o=
3tE SAT 2345 ey v B AES FERIZAEI Sl mebs dastes
S Yo RSM2 & 13 E FFS 30%°04 10%= &0 wabA Feldo]e
E7F 78.5°ColA 62.0°CE2 &8ttt =3, Has 283t fRSMe] FFole v&E A=

I vlwste] SRS g $e fElHoleE=E el

100
-_-:: fRSM"
80 - —a— TRSM-pHS 2
—a— fRSM-pHEE"
I —y— rRSM™
- m . " -
g SO S—
B "ﬁ—_h__h:'“"——_._—
| Sy
i, 4 ) z
20 4 :___"' o l\;
o h-‘h"w

Figure 2-23. Glass transition temperature (Tg) of the LGG powders stored at 25 °C
for 6 days in the desiccators with various relative humidities (0, 11, 23, 33, 43,

and 53%) as a function of water activity (aw).

? Lactobacillus rhamnosus GG (LGG) powder obtained from spray drying of 10% (w/w) reconstituted
skim milk (RSM).

> LGG powder obtained from spray drying of fermented 10% (w/w) RSM by LGG.

¢ LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 5.2.

4 LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 6.6.

¢ LGG powder obtained from spray drying of 10% (w/w) RSM with LGG pellet from the MRS culture



Table 2-14¢14&= 0% RHAIA ] FEldol25(Tg)E Yt ot HEE A &
L RSM9 fEldolexE 62.5 °CEA 714 & ks Yelleoy, Ha s

o] A%l 55.8 °CE 743t pHE 3.69014 5.5, 6.6°2 ZZH3ol] ulzbi
25E 50.8 °C$ 55.0 °CE2 247+ 743ttt

Table 2-14. Glass transition temperature (Tg) of the LGG powders stored at 25 °C
for 6 days in the desiccator with relative humidity (RH) of 0%.

LGG powders Tg (°C), (RH=0)
RSM? 62.0 £ 0.4
fRSMP 55.8 = 2.7

fRSM-pH 5.2° 50.8 = 0.4

fRSM-pH 6.6¢ 55.0 = 1.3
rRSM*® 56.0 £ 1.6

2 Lactobacillus rhamnosus GG (LGG) powder obtained from spray drying of 10% (w/w) reconstituted
skim milk (RSM)

> LGG powder obtained from spray drying of fermented 10% (w/w) RSM by LGG.

¢ LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 5.2.

4 LGG powder obtained from spray drying of fRSM after pH adjustment from 3.9 to 6.6.

¢ LGG powder obtained from spray drying of 10% (w/w) RSM with LGG pellet from the MRS culture.
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Figure 2-24. Glass transition temperature (Tg) and sticky point temperature (SPT)

for LGG powders as a function of water activity (aw).



2 LGG powder obtained by spray drying of fermented 10% (w/w) RSM with Lactobacillus rhamnosus

GG (LGG) at 42 oC for 9 h.
Y LGG powder obtained by spray drying of the fRSM with additional reconstitution of 20% (w/w) SMP.

¢ LGG powder obtained by spray drying of RSM" with LGG pellet from the MRS culture.

b BEE et AUE FAAGY FrtA 7Y AA], 2 L A8 uAyES Y
dog #FE5 EI TA-SF oM, MRS BCP H# HjAE o] &3 13 AES ISPt
(figure 25).

Figure 2-25. Isolation of lactic acid bacteria using BCP agar.

< At FEAS HUE MRS WA oA &S e}
22k At A FEd HEFSH 2443 BE Fol 10° cfu/ml o]
%l 04 R #FE 2R 0}95113} 13 #FE= 16S rRNA 5AHT &
°] 99%%1 7ES At FHET
Lactobacillus plantrum (F2), Lactobacillus paracaser (F5), Lactobacillus plantrum
(F6), Lactobacillus fermentum (F7)< 4bFi & A8 T

<o}

Table 2-15. Isolated lactic acid bacteria.



No. Accession Matching (%) Isolated lactic acid bacteria

F1 LC064896.1 99 Lactobacillus plantarum
F2 LC064896.1 99 Lactobacillus plantarum
F3 NR_114742.1 99 Enterococcus faecium
F4 NR_113335.1 99 Lactobacillus termentum
F5 AP012541.1 99 Lactobacillus paracaser
Fé6 NR_115605.1 99 Lactobacillus plantarum
F7 NR_113335.1 99 Lactobacillus fermentum
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Table 2-16°14< & WAxAol=E A7) fsto] ARERE F 13719 A:Alel=

22 AFAHH AHAFE HoFa Jth(table 2-15).

Table 2-16. Standard ginsenosides compounds and calibration curves.

Standard Detection range

. ; Calibration curve R?
ginsenosides (mg/ml)
CK 0.02-2.0 Y=1000000X+ 42987 0.9994
Rgl 0.02-2.0 Y=130000X+ 9280 0.9984
Rg?2 0.02-2.0 Y=260285X+2194.4 0.9998
Rg3 0.02-2.0 Y=265647X+ 22239 0.9996
Rb1 0.08-2.0 Y=59888X-1456.1 0.9993
Rb2 0.04-2.0 Y=94719X-671.01 0.9991
Rb3 0.1-2.0 Y=61200X-2310 0.9915
Rc 0.02-2.0 Y=135549X-2511.4 0.9991
Rd 0.1-2.0 Y=18500X+ 2330 0.9982
Re 0.02-2.0 Y=137483X-1009.9 0.9993
Rf 0.02-2.0 Y=202872X+2725.6 0.9992
Rh1 0.02-2.0 Y=192518X-5017.1 0.9990
Rh2 0.04-2.0 Y=21854X-2091.5 0.9980

y=MS : area of chromatogram, x=concentration of geinsenosides

@ a5 ol 83 4t FEFE THo| W ginsenoside ¥ W3}

Table 2-17 2-184% W&o 93 ginsenoside #AE FAL st HFAAFF
Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus fermentum 35 A&
sl BE T = FE2ET LC BAL AASAT

12417 F=2ES o] &3l wjYF & ginsenoside 3% H3} EX43E B

et

of

5o



CK¢} Rh2e =5 EdEFslen, &3 A3 vussls o 59 d#]le] Rhl, Re2,
=

37TCoAA 31AIZE vl & 71 & Zo02 ZUVS & Lactobacillus plantarum®.=2 &
3k ZE % Rhl 57.9ug/ml, Rg2 62.7ug.ml, Rg3 124.8ug/mlE Whx3} B s}
o Zkzy 126.9%, 457.7%, 188.1% Z7FetAth. 48A1ZF viF ¥ ginsenoside e w3}
T Lactobacillus plantarunrs ©]83te H&EF 4N FE2E0] /M =2 (R0l
57.4ug/ml, Rg2 65.3 ug/ml, Rg3 150.0ug/mD)E uYERAT. otz ¥lwste] zZhz:
218.6%, 135.9%, 593.6% Z7IstHtt. 72Xk ¥lY¥ ¥ ginsenoside HQ W=
Lactobacillus plantarums ©]&3te Wad FEHEo] 7M4 =& =S BYth Rhl
60.1ug/ml, Rg2 64.4ug/ml, Rg3 142.9ug/mlZ Yeldon thxz3 HustdS w 42
234.0%, 138.2%, 568.0% 5713 Ae &AL F AU S7H&S

hF 3 12412 F=8k= Aol HA zxolzt AAZ T vj At
o] Rhl, Rg2, Rg3& AT A cAtol= e Aasidon 15 7Hd Bol Zagh 4
2 Rest Rbl, ReE YERRTH

18A1ZF FEEE o] &3t vl & ginsenoside &% W3} E4A7E v FEOZ C
¢} Rh2+ EF BAZEEHASH Rhl, Rg2, Rg3 &&Fol F7ketdth. 31417 v Foll+=
Lactobacillus fermentum< ©]83te] agt 4k FFE°] Rhl 48.0ug/ml, Rg2
51.8ug/ml, Rg3 117.8ug/mlE YEptth. iz Hlwstde W 247 61.2%, 31.3%,
138.7% Z7ValA o). 48A1%F vk o] S+ Lactobacillus plantarum®] Rhl 51.9ug/ml,
Rg3 152.8ug/mlZ 7Fg =& FFES HPYOom Reg2 FF2 58.0ug/mlE Lactobacillus
fermentum°®] £ F#FS UElT A8E F7FES 113.7%, 67.5%, 283.7%7F F7}st
Atk 72417 woF o] Rhl & Lactobacillus fermentum 52.7ug/ml. Rg?2 &
Lactobacillus plantarum 57.3ug/ml, Rg3 &S Lactobacillus paracasei 143.9ug/ml $+
Fe Yehdidoh 7k AR S7HEE 113.9%, 99.3%, 297.7%= %7}t th. Rhl, Rb2,
Rb3E A A mAtelE AELS Tasidon HA Zo] Mg & ARLEZE Rgl,
Rbl, Re® et F7H&S HlnafRokS of 72A%F vk & 18A%F FE3h= Aol
Rhl1, Rg2, Rg39] &ifol 7Hd =4 A=A
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Table 2-17Variation of ginsenosides concentration of wild cultivated ginseng according to fermentation time, extraction time
(12 h) and different lactic acid bacteria.

(Unit : ug/ml)

Hl FAIZE Ft CK Rh2  Rhl Rg? Rg3 Rf Rgl Rd Re Rb2 Rb3 Re Rb1
Control - - 20.1 27.6 22.4 140.1 196.7 150.3 188.6 69.3 19.0 78.3 167.5
L.platarum (F2) - - 55.2 62.2 1159 720 456 75.1 34.9 13.9 5.7 19.3 31.9

31 L.paracasei (F5) - - 53.3 61.4 105.6  82.1  91.0 101.9 66.1 28.0 10.0 33.9 60.5
L.platarum (F6) - - 57.9 62.7 124.8 747  49.0 79.2 37.4 16.0 5.5 19.4 37.1
L.fermentum (F7) - - 49.5 o7.7 86.5 78.0  88.4 119.6 65.2 29.7 11.7 34.6 55.6
Control - - 18.0 27.7 21.6 136.1 198.2 178.7 200.3 84.3 21.2 92.2 190.3
L.platarum (F2) - - 57.4 65.3 150.0 68.2 30.1 82.4 22.9 17.5 7.5 14.2 27.1

48 L.paracasei (F5) - - 54.2 63.2 121.6  69.0 32.8 66.0 29.0 18.7 10.6 16.3 32.5
L.platarum (F6) - - 54.9 63.7 130.1 67.6  35.2 86.5 29.4 19.0 4.0 15.7 32.8
L.fermentum (F7) - - 47.0 56.4 107.8 740 72.6 83.4 58.5 30.9 11.1 25.4 56.5
Control - - 18.0 27.0 21.4 128.7 183.4 153.3 186.4 70.2 23.3 121.7 163.6
L.platarum (F2) - - 60.1 64.4 142.9 66.1 22.5 61.2 20.4 13.4 8.7 11.5 24.0

72 L.paracasei (F5) - - 52.6 57.5 136.1 61.0 199 33.3 18.4 13.5 3.8 12.7 26.0
L.platarum (F6) - - 53.8 58.6 129.7 62.6 19.8 54.9 19.6 23.1 3.0 12.1 24.0

L.fermentum (F7) 53.9 61.6 1145 740 68.6 88.8 51.2 17.6 9.2 26.4 50.6




Table 2-18. Variation of ginsenosides concentration wild cultivated ginseng according to fermentation time, extraction time (18

h) and different lactic acid bacteria.

(Unit : ug/ml)

H} QA ZE iy CK RhZ2 Rhl Rg?2 Rg3 Rf Rgl Rd Re Rb2 Rb3 Re Rb1
Control - - 29.8 39.5 49.4 154.5 1974 217.5 185.2 71.3 14.5 85.5 175.9
L.platarum (F2) - - 45.6 51.1 111.5 54.4 8.5 50.7 13.5 6.1 3.8 8.9 11.1
31 L.paracasei (F5) - - 43.1 47.5 103.0 53.8 28.7 73.2 27.0 10.1 6.8 15.2 27.0
L.platarum (F6) - - 36.6 36.5 98.6 44.7 9.8 51.1 11.5 7.6 1.4 7.9 11.1
L.fermentum (F7) - - 48.0 51.8 117.8  60.9 38.4  78.1 34.0 10.7 5.2 17.8 27.4
Control - - 24.3 34.6 39.8 140.7 184.7 164.3 188.3 74.8 22.1 80.7 167.6
L.platarum (F2) - - 51.9 56.9 152.8 56.6 3.0 36.0 9.5 5.3 2.0 4.7 8.0
48 L.paracasei (F5) - - 50.3 56.2 140.1 54.2 7.2 32.7 12.1 6.6 1.9 8.0 12.5
L.platarum (F6) - - 50.1 97.3 135.1 55.6 6.9 38.7 11.0 7.2 1.6 7.4 9.7
L.fermentum (F7) - - 50.2 58.0 87.7 62.5 271  58.3 23.3 14.0 4.2 13.8 24.7
Control - - 24.7 28.8 36.2 121.5  196.7 138.2 159.3 61.0 22.4 70.7 138.0
L.platarum (F2) - - 49.9 56.8 141.8 57.0 1.7 16.7 7.1 4.1 3.8 5.3 9.4
72 L.paracasei (F5) - - 50.4 54.0 143.9 53.6 1.2 17.7 8.4 4.6 1.0 4.4 5.7
L.platarum (F6) - - 49.2 57.3 137.7 53.8 0.8 24.2 7.4 4.8 1.1 4.1 8.8
L.fermentum (F7) - - 52.7 52.5 91.2 62.0 22.6  69.1 21.7 13.7 5.9 13.4 23.1
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Figure 2-26. Variation of Rg3 concentration according to fermentation and

extraction time.
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3t Lactobacillus plantarum ©]&3te] a3k AZ oA spoto] ZsHA YeEbGS Hz
A (figure 2-27).
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Figure 2-27. TLC pattern analysis of lactic acid beacteria fermented wild cultivated
ginseng.
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Table 2-18. Composition of ginsesnosides in wild—cultivated ginseng.

Ginsenosides % (mg/g)

Ginsenosides Akt M 48 hE 48 hEME  2hEE
Az g Azxzig ©RhFF RhFH  (8h FFH
Rb1 413 7.7 0.32 0.03 1.04

Rb2
Rc
Rd
Re

Rh1

CK

1.73
2.38
1.42
12.27
0.04
416
0.64
0.06
1.59
0
0.01

2.35

0.7

0.212
0.188
1.44
0.38
2.706
0.12
2.276
6.112
2.264

0.54
0.508
1.332
0.736
2104
0.796

2.3
5.444
2.44

Total ginsenosides (mg/g)

28.43

15.47

17.392

Rb1+Rgl+Rg3 (mg/g)

8.35

10.75

6.55

0.07

7.28

Crude saponins(mg/g)

129

6.46
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HgFRolE Ak B2 ATV, zeta-potential S SHFOZH FRISIAT. BE
1 77

MEL TEHANA Y o] WA= AS U] A8t =53 AHg A o 72
=439t 253 Ay AF} 39| zeta-potential 22 -7.213% 7. 83019113}(table 2-19,
figure 2-28). ¥AZ7I= 2S9 AHEl Mol 131.07 meoldey, =23 A %oﬂ:
35.22 mmZ A T8N Ao A S o] WA H(table 2-19). Figure 2-299A4 = =
EolE AheFael dAzr] SAHO 2E9 AUt v dFS AT 2AE UrEHLHJ—
A=, JAREY FE FFol A 253 AHYE A ¥Ue AFY dAZT=

131.07 i oo}, 283 A o Fol 3522 mzA S1F YAT} oA AL I

Q1. w3 table 2-19°)4 veEbd A o] Z&nt Ay A span FS 2.589|%U
S 253 AHE o]Fol= 34124 TFg 719 A7 A= Ae FRAA T

Table 2-19. Characterization of fermented wild cultivated ginseng extract.

Samples Zeta potential (mV) DI[4,3] (ym) Span
Ultra sonic treatment -7.83%£0.25 35.22%+4.19 3.41+0.63
Non-ultra sonic treatment -7.2110.61 131.07£2.55 2.58%+0.19

Zeta Potential Distribution

Total Counts
4= o
= =
= L=
= s

g
2

=]

-100 0 100 200
Apparent Zeta Potential (mV)

—— Record 39: 2% GSP 1 —— Record 40: 2% GSP 2 — Record 41: 2% GSP 3
—— Record 42 2% GSP 1 — Record 43 2% GSP 2 — Record 44: 2% GSP 3
[ Record 45: 2% GSP 1 —— Record 46: 2% GSP 2 —— Record 47 2% GSP 3|

Figure 2-28. Effect of ultrasonic treatment of Z-potential of fermented wild
cultivated ginseng extract.
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Figure 2-29. Effect of ultrasonic treatment of fermented wild cultivated ginseng

extract on the particle size distribution.
6) As AFHe] JdAEA vl

Table 2-209 4+ ZZ8lo]|LE X~ A& 5% & 6% (Duoloc gold, Duoloc baby,
Kolon, ProlLB, FreelLacto, Hilac, Familac)®] AF# FHIAMEAGE) 8+ A=FH 0 3
dehol AF YASEES v B4 24345 e o 2435 a7, &
ek (%, db), HZZ (contact angle,®), 24 (flowability, ClI), %4 (cohesiveness,
HR), ¥4 (dispersibility, %), ¥4 (viability)o] 1t}

AAA7I= 44 pmol A 162.9 um HHAEA AFoll wapa bddt AAA7Y AFS =
At AR FEGFFH T SAEE 474 1.9-2.9% (w/w, db), 0.31-0.46 HH = A
o 72k FA3ka At Duoloc gold, Duoloc baby, Hilac A&Ee] HE=72+e 2-20 °2
Aol 232 ge e, R 580 52 Ao E FFHA=, 24 S 92%
olFo =N HA FIEHE AL & F AJH. Duoloc gold®t familac AFo SHH-E
LAZA gGA SHE= Aol oy, I 9 AF S 1.2-1.3 HAEA SF o]
Z PAHA g EAS Ry Z=2hpolga BEe 84S Sl w2 Duoloc
baby, Kolon, ProLB, FreelLacto, Hilac A|&°] =4t} E3 FE X ZHlO| QLE A A F9

A#+ 8 log CFU/g o]/l it



Table 2-20. Characterization of commercial probiotics powders.

Duoloc Duoloc

Parameters Kolon ProLLB Freelacto Hilac Familac
gold baby
Pigldeu;ll)ze 62.740.8 164.248.6 120.243.8 442424 44.040.9 128.945.1 162.9+3.7
4,3

Moisture content

1.9+£0.025 2.61£0.4 2.9+0.1 2.0£0.0 2.8+0.0 3.7+0.0 2.7+0.0
(%, db)

Water(aa‘;““ty 0.4240.02 0.39+0.02 0.46£0.01 0.39+0.02 0.31£0.01 0.33+0.04 0.35+0.02

Contact angle

©) 12.0+£1.4 20.0£0.4 78.0+8.2 74.0£8.4 56.5+26.1 2.0£0.0 72.3%£10.6

Flo"(v(ijlb)“‘ty 96.4 16.7 914 18.2 218 95.8 975
Cohesiveness
o 1.4 1.2 1.3 1.2 1.3 1.3 1.4
Dlspe(f;;blhty 92.311.5 027428 72.9+1.0 86.244.1 86.9+1.5 86.144.5 74.8+1.4
Viability 9.041.1 92423  7.9+15 84410 95+1.6  8.6+09  9.5+1.2
lon CrUT) 041, 242, 941, yrsy 541, 640, 541,

Akt B JAEAES 2der] st 5% AxVE ol&dt f5% #HEE A
z3td. F53 FFAZN AES AFAE FFF, A Aels FE2EA%, 2,%), 1%
PVP (polyvinylpyrrolidone)< ©]83l¥om, T ZHlo]QE X A FL FAFAHUGG) T2
o AFES A& THfigure 2-30).

Figure 2-30. Granule particles prepared by fluidized bed dryer.
Binders were used 0%, 1%, 2% ginsenosides extract and 1% PVP for a, b, ¢, d, e.

455 HYow AzeA e mzuloloEiel FAFE Bwel d(50.0%)% F-HE
UA=E 22 112,07 m, 14396 m IREH, §5F A2 ARARA FFE, QA=
AolE FHE(1%, 2.%), 1% PVPE Agstel Az 535 Hye $39-37 Y427



= 222.449014 233.04 mz 71U E3F JAA|AOlE BEE 0% 292 F7HA
1= A% By-Ha AAI7E 242.71 mol A 246.46 m=Z Z7}3FA tHtable 6). PVP
£ AiddelA 7 Itz oz AeEE ARAZA fEF IYH AT A= A
Aol B9} HIS=3 AE UEYITE Spand E29] AARZE YEHE FXEHN &
b Ebo] 2,852 Hele] f5E AP L 1.5-1.6 YA (figure 2-31). FFF, A
A , PVPE AH83 7499 span @S 1.5004 1.69 HWYEA #Y93 =719
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—a&—— Probiotics
........ G (P Ginsenosides
g | —— % —— 1% Ginsenosides
—e—te—e- Py Ginsenosides
s a\ — & — 1% PVP
s .
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Particle size (um)

Figure 2-31. Particle size distribution of granule particles prepared by fluidized bed

dryer.

Table 2-21. Particle size analysis of granule particles prepared by fluidized bed

dryer.

Samples d(10.0%) d(50.0%) d(90.0%) DI[4,3] (um) Span

Probiotics 15.84+0.52 112.07£2.01 334.70+8.31 143.96%£1.75 2.85%0.05
0% Ginsenosides  75.51%£1.88 229.19+0.38 429.85+£0.95 242.71£0.66 1.55%0.01
1% Ginsenosides  62.88+1.49 222.44+5.22 419.11£3.00 233.81+3.25 1.60£0.03
2% Ginsenosides 69.23+12.17 233.04£6.51 438.58+7.27 246.46£4.29 1.59+0.09

1% PVP 79.33£2.96 231.18+4.45 425.69%£2.98 242.78+£3.51 1.50%£0.03

HAEFE) 274 Z2nto] g2~ A|FQ] familacHd AEA(F
IAEA S BAS AT
2.7-3.3% (db), 0.32-0.37
A 7P Esrot %%%— Be) HEzte

T PVPe HE2H2

kﬂ ot N AN fE L

7} 58.83 49.04 ° =A Hl2® g HAY oS AHoE AxFoEN TEAL
s FEHReH, S/ v HolHT. ik £29 B T48%=A HA &3l
A B EA4e HAoy, IAxAlE S 0%l 2%% S7HAZ o mhebA 81.1% A



9B.4%= MAH= Ae sttt

Table 2-22. Particle size analysis of granule particles prepared by fluidized bed

dryer.
. 0% 1% 2%
Parameters Probiotics Ginsenosides Ginsenosides Ginsenosides 1% PVP
Particle size
e o 162.943.7  242.71+0.66 242.7140.66 246.46+4.29 242.78+3.51
Moisture content 5 74+ ¢ 3.1£0.2 3.30.0 2.9%0.4 3.240.2
(%, db)

Wate{a@‘imity 0.35+0.02 0.38+0.02 0.37+0.02 0.3640.03 0.3240.02
Contafot) angle 7934106 58.842.4 94.143.7 19.745.1 49.04+6.4
FIOV(VSB““Y 275 17.3 15.7 16.7 15.9

Cohesiveness
Sive 1.4 1.2 1.1 1.1 1.2
Dispersibility. 74 8+1.4 81.1£3.7 91.242.1 93.4%2.7 88.1£2.1
Viability
(log CFU/g) 9.5+1.2 9.1+1.8 8.842.0 8.7+1.4 8.54+1.9

Probiotics® : familac (3| APHEAF) -2+ AF)
@ vATFZ 3F 23
Figure 2-3194& 943 AFAE A=z #He vHFRE RoF3 9o Figure

2-31(a)A= F4t B dAoly, E4kd & R<AY}. Figure xx(b, ¢, d, e)&= 2
N2 Z5755, 1%, 2% AN AOlE, 1% PVPE Z+zb AL83te] Al=3 33 xto|th

A Aol
mE B A Aye Y45 Jon, AAleAelse) PVPE ARAR A8E 45l
4349 Hgel FHE AL ¢ F AUk



Figure 2-32. The microstructure of granule particle prepared by fluidized bed
dryer. (Scale bar presents 50 um). Binders were used 0%, 1%, 2% ginsenosides
extract and 1% PVP for a, b, ¢, d, e.
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Figure 2-33. Storage stability of lactic acid bacteria granule particles prepared by
fluidzed bed dryer for 60 days.



AT

(1) #5% A%E |88 YASH 2ol 7

ol FIA]

rr

&3k

[}

rJ
o

Figure 2-34°lAx& #5H7F A2xE HoAF3 Ao dsH7MA AMES ME2 Table
2-20014 AAE 3T AE AFH F7I8HA F)3 1% IA Al =5 AAAZ AHS
st frE53d UXE ol&st Axd APAFS GO St TS FHIAE
(F)FATFY AFoEA 55 AHOE A FA] g BES AMLSAT. #eH7I= 7
A BAWEE ol&ste 208E& o E Fgsigen, H7F FES HA (smelD), FH|
(flavor), 24 (stickiness), & WA (swallowness), ZHFH<Q
eating quality)°]A . SJIAPHA(F) 2+ AF> 74 HA=2A
o] “4017(]1_ FHAEHS oy, AHoR Xﬂzd Afole F4o] MdE= A
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stAY %—o‘o 7R = A
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Figure 2-34. Sensory evaluation of prepared by fluidized bed drying granules and

commercial products.
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Korean sty of Food ienceand Techmology Encapsulation of Loctobacilius rhamnosus GG by direct

spray drying of fermented reconstituted skim milk
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Seow! National University, Korea, “Institutes of Green Blo
Science and Technology, Seoul National University, Koresa,
‘Brain Korea 21 Center for Blo-Resowrce Development.
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Chungbuk National University, Korea

A common problotic encapsulation process consksts of three
consecutive steps: fermentation, ce=l recovery. and spray dry-
ing. Reconstituted skim milk [RSM) s often used as a fermen-
tation medium. The direct spray drying of fermented RSM
without cell recovery step could be economic and eco-friendly;
howaever, It has been rarely adopted due to the high stickiness
which reduces the drying yield and the probiatic survivabllity. In
this study, Loctobocillus rhamnosus GG (LGG) was fermented
with RSM at 42°C and 100 rpm for 9 h, and skim milk powder
{SMP) was added 1o the fermented RSM at a concentration of
209 [wfv), followed by direct spray drylng. With the addition of
SMP, the pH and consistency Index (K} of fermented RSM
increased from 3.9 to 5.2 and from LOIE9 to DO7L16 [(Pa-s™),
respectively. The encapsulated powder obtained after the
addition of SMP showed much higher glass transition tempe-
rature. The drying yield and the LGG survival ratlo also incre-
ased from 30.4 to 36.1% and from 0.3 to 13.6%, respecthvely.
Simple addition of SMP significantly improved the spray drying
efficlency and thus enabled the direct spray drying of fermented
RSM as a prombsing LGG encapsulation method.
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Trade Marks Registry
Intellectual Property Department

T BITEUEEUE
The Government of the Hong Kona
Special Administrative Region

e

CERAIREY (58 559 £8)

CERTIFICATE OF REGISTRATION OF TRADE MARK
Trade Marks Ordinance (Chapter 553)

Pt Lo e e S e
{ eveby certify that the Irade Mark with the fltowing parficulars has been entered ir the register joday:

P
Trade Mark No.:

R
Mark:

R
Mark Typa:

AR
Mark Description:

— B AR
Series Mark:

A -
bk

Owner(s)' Name,
Address:

WA AT
Owner(s)" Address for
Service:

B S R R
Class{es) & Specificationis):

0A397412.0003 184

304367412

FAMILAC

Oulinery
WA
Ne

WOORIDD CO,LTD,

1M 313, 1447, PYECNGCHAMG-DAERD,
DAEHWA-MYEON, PYFONGCH ANG-GITN, GANGWON-TW,
KOREA, REPUBLIC OF

CHINAHONGKONG IP LIMITED
301 1, 30F, OMive Tower,
Convention Plaza, 1| Harbour Road,
HONG EONG

Class §

Laztic fenmerting ngents for pharmacestizal pomposes  Dietetic
foods adapted for medical purposes; Dielesic beverages adapted for
medical purpeses; Dietetic substences odopted For medical wse;
Mineral focd supplements; Nutritiona) supslements: Meadicinal
drinhs; Eneyme dictary supnlements; food substances (n the form of
powder, liguids, capsules and tabless, all for madical purposes; food
supplemznts in the form of powder. liquids, capsules and tahlets, all

Page 1012
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