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H, d& 5o, 2EY2EY, olgd, Xo} (chia) A=, o} A= 55 AMEE 4 9oy, o] A|gte]A] ¢
=

A7) FAEEY 9 24 R S5 9 B X279 2Evtol A (atomizer)e ¢EE fAbTY IE B2
TR ot dgd F o, odF 5o, A IE EZY 59 SXE& 90~110 ml/hroli, w5 71x7]
o] 9 Ento] A (atomizer)? HEL 110~130 kPad 4 9o}, o]o] AdEA =

T Bog e faktyl Zgulo] R ElAE BE ARV £ T EEAZEe] Anfo] QLEAE AR
AE x23siH, A 29 EE= 5 YA 40%0]a B Ax7)e dF *EE 75~90TQ AL, A

A7) AT gENE Y S f5 BE AR R 7Y 5 Jdon, dF 5o, gEupde s EHEE

7Y 5 o, nPAsAE SEE Y~ SRELE (L. plantarum) D12 d5E & Ao, oo AgEHX]

s

A7) Zhlo] Q= B FofoA] EEHlo] L E AR X833t Edolgtd AS §lo] AMEE 4 9lon, dE

E°], o™, Xo} (chia) A=, ohu} A= & A& 4= lon}, oo Aty A gd=t}.

7] FAEE ZEule] o g o] B S W BF 7179 QEvlo] A (atomizer) o] ¢EE fAbA I ZEu)

oo~ FFe wEt detd ¢ o, dE Eol, FATH ZEuto]l e 820 £9) $XEE 90~110 mL/hro]

3, B Ax7)el @ Enlo]A (atomizer)d 9ES 110~130 kPad & o}, olo Aty A gFE=rt).

ek, Eoubg e w3 WA (Response Surface methodology, RSM) 183te] fAad e AFRA FHF

218 AAs e A& ek, HF 21 ZA el A Aot

A7) e fA I dEEHY] B S5, ¥ B vk, BF AX7Y AT 2= ¥ BF HdAxv|e 2
25 tggsste =& AEst & 2 fAT ASES Role 21S HA 2do= A48}

<HAAld 1> gEvEE A E2EE (L. plantarum) D129 ¥8 A

ChAlul =] 25 g& ANF3Ske] 0.1M phosphate buffer saline (PBS, pH 7.2) 225 mL= 109] 3] ¥ 383 #3&
3= 2859 v}, Bromocresol purpleE 0.002%(w/v) % 7}3F deMan Rogosa Sharpe (MRS; Difco, Detroit, MI,
USA) Agar vx|ell = & 37Tl 24A17F vgste] @ Hgo F¥Y m=gAo=m wgh 1S fAde= 3t
o] Relstgih. weld FATE MRS broth] 2441¢ AW F genomic DNA(Chelex bead; Bio-Rad,
Hercules, CA, USA)E &3 ¥ 27F9} 1492R primerE ©]&3ko] 16S rRNA 97| IS B4t £4 A
+ National Center for Biotechnology Information®] database A9} W]u3dle] FA3}AT).

<A A 2> 7<&3(Encapsulation) 7H54 &4

AAd 14 B sA4E SEuAHA ZSeE(L. plantarum) D-128 AHE A7A -70CoA 54 BHstS
o, T2 BHE L. plantarum D-127L &5 & MRS broth 8fX] 500 mLol 1 mLE #ES}e] 37C g vjef

71(DS 301-FL, Dasol science, Hwasung, Korea)ollA 18A17F Z 8wk & 9 log,, CFU/g =2 AFEEATH. A
AHog de 2ole= MEdt YEEZ(wall material)Q WEUAEHNS o FEHE wjgdat 23 5 Spray
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L. plantarum D-12-& 7}<&3}slgdon |
Aast 27 HEUAER] s §F 2%, F5, AR 1% 59 =0 11 % 20 7[Al" vpe} 2o
v, ol HA xde et A F A ¥E L
plate® &-&/MRS agar, 37C, 48A1%F viF) 1S S3l RIM(RHERHEAIH) o2 gAlsqint.

=24 A AF D)o et HEYAED EE[X, 10 ~ 30% (w/v)] @ BEAZ JFLE[X, 80 ~ 110T1E =
g Baslele] 13719 ZAd o8 Alzd Edeo] &3 A AERS ¥ 3 2 = 13 Zuh. Alnko]
QEXA F£HE 57 ~ 6%, FAT AEES 85~196% HAER BEHACE.

x 1

Coded levels and variables used in CCD for encapsulation of L. plantarum D-12

Range and level

Independent variables Symbol 1 0 1
Maltodextrin concentration (%, w/v) X1 10 20 30
Inlet temperature (°C) X3 80 95 110

#* 2

Matrix CCD experimental design for encapsulation of L. plantarum D-12

Experimental factor

Coded wvaluesl) Actual values
S0 300 maltodextrin concentration .
X X ‘ Inlet temperature (°C)
(%o, Wiv)

1 0 0 20 95

2 -1 0 30 95

3 1 1 10 80

4 1 0 30 80

5 0 1 20 95

6 0 0 20 80

7 1 -1 20 110

8 0 0 20 95

9 0 0 10 95

10 -1 1 20 95

11 0 0 10 110

12 -1 -1 30 110

13 0 -1 20 95

Yy=Maltodextrin concentration (%). x:=Inlet temperature of spray dryer (°C
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¥ 3

Experimental design for CCD and its results for synbiotics of L. plantarum D-12

Experimental factor

. e 1
Run no. Synbiotics condition? ¥, (Yield. %) ¥ (Siipviva) TS, %)
> 41 X
1 30 95 75.84 88.12+0.77%
2 25 95 71.05 92.24=0.11
3 35 110 72.49 84.07+0.47
4 35 95 72.98 86.46=0.52
5 30 110 73.82 84.07+0.47
6 30 95 76.94 87.29+0.11
7 35 80 73.54 100.43+0.59
8 30 95 7544 86.82+0.17
9 30 95 78.89 83.46+0.11
10 25 110 63.39 90.79+0.13
11 30 95 78.95 87.14+0.60
12 25 80 68.25 08.56=1.35
13 30 80 74.29 97.47+0.91
Predicted 10 86 71.70 97.43
“Xlzlnuiin concentration (%), x=Inlet temperature of spray dryer (°C)
“Mean +SD

A7) Aol 2Ase], AasA] BEUAED FE, 9
ash gom, oled AA 2ol wet AwE @ A%, Awd A5 FEW
8.80

2 96.37%% of| =%, *ﬁ} #ﬁr 2 fA AEEES 77.94% 2

O A=
TR, %, AR FUF Se

59l
Fabet

Optimization spray drying condition for encapsualtion of L. plantarum D-12

Factor Condition
Feeding rate 100 mL/hr
Atomizer presssure 120 kPa
Maltodextrin concentration 10%
Inlet temperature 86°C
# b5

Predicted wvalues from CCD and measured values of yield and survival rate of

encapsulation of L. plantarum D-12

Predicted Measured
Yield (%) 69.55 77.94+5.46"
Survival rate (%) 96.37 98.80+0.40

<A 3> P&3E G833 L. plantarum D12¢] AlHlo] 8l A A3}
Ao 204 FEE HESE =

m

(7%, T4 S vgo R sto] Z2vto]| Q8 ~Rl L. plantarum D-12 3 7§

_8_
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3 VEZEEA Zouto] L g2l ol E/| (inulin)& &-83te] Spray dryers 283 Alulo] g A2E 9
3 HA Aas 2A(0)%Y % 9 QT Lx)S AB}O] Y2 583 L. plantarum D-129] A& (F Ao 2
Fx)E g o RMeE FAEglt

S EREAY 9 AnloloEx A5

MINITAB =& 7= (MINITAB Ver. 19, MINITAB, Pennsylvania, USA)S &&3&lo] Zgjulo]QEl~(INL) = =
TAZ JF Lrd wE Aulo] el HAso| st AdATL FAFA AE (central composite d651gn
CCD)& A-gsto v 71%01 ARG, INL F=9 BFAF Y 228 SYEsRsio Adgsdden, 4

7}7r % ke CCDoll wet 137-3re

@ slel W 258 R Yy 92 e Ad A9RE 47 % 6ol 17 8
T P )

|

[¢]

Coded levels and variables used in CCD for synbiotics of L. plantarum D-12

Range and level

Independent variables Symbol 1 0 31
Inulin concentration (%. w/v) X 25 30 35
Inlet temperature (°C) X5 80 g5 110

x 7

Matrix CCD experimental design for synbiotics of L. plantarum D-12

Experimental factor

"Run no. Coded values” _ __Actual values
Inulin concentration (%,
X X Inlet temperature (°C)
w/v)
1 0 0 30 95
2 -1 0 25 95
3 1 1 35 110
4 1 0 35 95
5 0 1 30 110
6 0 0 30 95
7 1 -1 35 80
8 0 0 30 95
9 0 0 30 95
10 -1 25 110
11 0 0 30 95
12 -1 -1 25 80
13 0 -1 30 80

Yxi=Inulin concentration (%). x=Inlet temperature of spray dryer (°C)

=1

SYHEFE, X9 THEHEFN, Yo FE ke #Al wef AAlEE= v
EE Zd(model), 1x+&(linear), 2x}3(quadratic), mx}&(cross—product) = A ZHol=(lac
fit) Z2te] Fod (P-value)dl tigk 1A (P<0.05) AF-E &R1st3a, o5 ZAIgtel diste] HFHo=
(®) tol H4 20 AEHAY, E3 DA% sto] Sgas o %@ 3

pS

=

n o] Z&WZ=o] g z+zhe]l Azt (Maximum value)

WA As 2w 2 dw
J'

il

s}-o]

RS

A8 =38 ol

X
o
olo T
ﬂ', Jﬂ
ol

il

fo 3

oX,
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Wl o8] JFL WE FHUFE AXFRY), FATY ABE () 2 HYSHAR, 72 2P &7 #

+ b, X, + by Xy + by X7+ b, X2+ b X, X,
%"él:%“')l:, bl,.bz, by b4 b’i DZ]:H LT, Xl, X? : %% Eﬂ”{}:

>

9] encapsulationg spray dryer (ADL311S, Yamato Scientific Co., Ltd. Tokyo, Japan)S &-&3&}o] dl

g BAH AAFE 243 ZAF ] AlE FYFFE(100 mL/hr) 2 automizer pressure(120 kPa)S A3l
grto] Qe A (INL) 9] v&% ¥ #FAx T2 E dste A3s HAaysisict.

[K ole

o & 105C Fdzx 7HUE Foke] 73 o wjge] 1
F FE Ak I FF ] AF Albpel e g AI(g)e] W HER

Al OE 2= o Alvlo] @ Bl = E A
~ O =3 -
Hio]l L € X =8 (%) S 7 okl ol 513 E oFeF + A JFHiulind % 100

A A g 1 pl, AlHle]QE X~
1 g& 9 Lo E A Al 103 34 % MRS agarvl = ¢} &3 T,‘i—?':'{s}.o:] 37T wi<F7] (HQ-DI184,
Core Tech, uiwangsi, korea)ol A 48A|7F vk & Al4=38}o] }7] 2ol ola] 7] FAktS= thH] 2lnlo] Qg -3}

T fAs vE Adskel AEER el

Abe] AEES pour plate oR EAFIgon | Aluto] Q€] x3t
o

s
ul
=

Mr Ho

Survivalrate (% ) = [\f/]\f0 > 100
N= Alujo]l e ¥l ~3l & {4k 5= (logio CFU/g)
No- Alvto] g 23 A F4td o (logio CFU/g)

r#J

i }‘E_}d

Alblo] 9 €l A 9z} T X E scanning electron microscope(SEM)S &83ste] BA &9t HA, MZ 1
S gold ion coating 3+ 3 FAPA AW 7 (CZ/MIRA 1 LHM/H.S, TESCAN Brno, Czech)©o & EA1&}gom |
AAEN 7 214 5.0 kV, 500 ~ 1,00000 &= a%ct. 520x9 L. plantarum D-12 £2& 232 34

Almfol€l 2~ [, plantarum D-123F ®¥|al #2315},

-1N iz
L it

APE 338 B FA F H TEAUAE JERRAT. R REe] TAH Fod 2 AR Ao ¥
a1 3]AASGE MINITAB (Minitab Statistical Software, version 19) ¢ #AFH2X(analysis of variance,
ANOVA) & &3l A48kl om, P-value7t 0.05 o]5kel & fofwlatrtar ehshal

a‘ﬂ:
A4 3 AZCCD) el Wl o]EA(INL) FE[X; 25 ~ 35% (w/v)] @ BHAZ QJTFLE[X, 80 ~ 110CIE &
HAWFR FEslste] 13719 2ol o8 AxE Avlo]eE s Fg faby AEES B 8 ¥ ® 29 P}

_10_
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frabre]l AEES INLe F=7F S7Fgol wet wn|stA aste A4S Jeldledl, ol INL X9 F7h
wE 27|74 A A giiEolth. Alblo] ¥l A =& INL =7t 25%9A 30% Srhskel uhel oF 68%oll
A TR F TR T sl oM INL

N

. T o S

SRk 35974 ST Al FE o) o 30 AR Pastks FAE e
5 FAE
£-3

B 4
o] vpolrh 4k

.26 £ 0.3 logyp cfu/mLe] W92 SAHESIOH, Llufe] @ Easte] whg {4k
o 5 7.76 £ 0.3 ~ 9.10 £ 0.1 logy cfu/mLEYZE SHEIL. Alufo] e Elaslo)] uwls Fald HEES
S5 Yepdloy 110C= S7hghel|l wpel AEEo] 7.16 ~ 8.15 logy cfu/mL¥
A= oF 84.470%2 FAdteE AS FAT & AAANE, o] FAO/WHO (2002) w3tell A3k 6 ~ 7 logi
gHrakar Qo] AAEACIN VAE B3FS M) e SR Jo=

Kel
W Rl W, A e B S g
Shec) O~

(2016)01] IE}E"ﬂ by 5} G
Wit AEE GRSz, op} mRutole

29 4 AstsE st AR wEo 1P FqPFo| &
F R, Bustamante 5(2020)2] Ao A= H‘?%E% 90 ~ 110CY) He= 28398 o 71 Jdo 2x9l
90CollA 717 & L. acidophillus La-05 AEEo] #ZAHATE. E3H, INLY w% F7kd wE fibd AEE
718 #Qlste] INLS F5EF 9 Zupo] QAR fakdo] A4 oAy T3 9 &4 A a9E F

a3t

Experimental design for CCD and its results for synbiotics of L. plantarum D-12

Experimental factor

st |
Run no. Synbiotics condition Yi (Yield. %) % (Survival rate, %)
X X7
1 30 95 75.84 88.12=0.77"
2 25 95 71.05 92.24+0.11
3 35 110 72.49 84.07+0.47
4 35 95 72.98 86.46+0.52
5 30 110 73.82 84.0710.47
6 30 95 76.94 87.29+0.11
7 35 80 73.54 100.43+0.59
30 95 7544 86.82+0.17
30 95 78.89 83.46+0.11
10 25 110 633 90.79+0.13
11 30 95 78.95 87.14+0.60
12 25 80 68.25 98.56+1.35
13 30 80 74.29 97 47091
Predicted 10 86 71.70 97.43
Yyi=Inulin concentration (%). x=Inlet temperature of spray dryer (°C)
“Mean+SD
INL Fmsh 272 7 S28 SHUSE (e whet 1373tes dAgste] Ads Pste] =2 F5H9
TR FE() 92 A S0 S B O R L. plantarum D-12 Alvpo] Q¥ 2A] H A Zejuto] Q B (INL) ¥
T

Eo} BEEAX JF L&XE MINITAB Z 2739 RSREG (response surface analysis by least-squares
S5k, ulo] e xe] £&(1) E fAkd AEE(HL)ol g whgEE 2 9
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[0080]
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HAstE B A, oxka) B wAtEe] gk fodS AuE AA(E 9), ool JARFHE(P<0.05)
Fo 2819 4% AT (xn, x), AT (x, x) D 4T AEE(H)] A AR (x, x), 02T
(), o1& (xn, x)olda Uiz &5 $o4< s aekrh. weba, Anfo| o8 s 48(1) 2 &
AE AEE(L)O] T HSRFRES  y=-189 5+11.17x+1.986x-0.1972x -0.01283x,  (F=0.8969, P-

value=0.002), (Yl)=326.3—3.88X1—3.296X2+0.1020X12+0.01949X12—0.0274X1X2 (R2=0.9588, P-value= 0.000)%}

2o, e ry mdo] Syl FHASEE AAAAS ANOVARA o7 AulE Axk= ® 99 ). Alnjo)
QE 2 Az HAHSE A FE(r)el g ey 2ol A o RE yeds A3 do] A5 B P

o

value?b 0.3640.2 0.060T =3, ARAZ(F)7F 0.8969% =
Z]
ﬁ

A ZEgke] 0.002% 0.058.0 Yo A7
Ego] A Aew ddHda, fakt AEE ()] B5 E

Y Ao] A9 P-value?t 0.748% 0.051.T}

1::01'

I, AAAS(R)7} 0.95882 Eo , mdEgzle]l 0.0002.2 0.05HTF Yol AFs Aoz ¥ th(Hou and
Regenstein, 2004).

x9

Analysis of variance (ANOVA) results of CCD for synbiotics of L. plantarum D-12

Independent P-value
variables Model Linear Quadratic Cross-product Lack of fit
_ Yield(11) 0.002 0.016 0.001 0.322 0.364
Survival rate(Y) 0.000 0.000 0.001 0.031 0.748

Mo 2 BEAS [ plantarum D-12 Alulo]QE A o= H A3 INL 55 2 BEAZ T 25+ 320 2 80C=E
HAYHE 3 2 % 11). dF 4 Aulo] 8 Alx 202 AXS W Az Avlo] Qe 2ol oS
ul
tam

= H o
() B A AEE(,)S 71.70% B 97.43%% <] ZF Stk Bustamante & (2020)9] ATtellAl Zjupel o
29l Tnulin, chia % flax seed®} L. acidophillus La—055 ZAg3t Alufo] @Bl A F=8(Y,) % 4k A=
(Y.)& RSMell #-83te] RbgRPgndas =Eatls W, 22k A4 modelo] 7H¢ Ajtatglon], Zajute]e
29 & dF 55 W dF T 25E B AT o= Aot FAERIT. oS A

T2 83 (F 10) L. plantarum D-12¢] AHlo] @ Bl A3kA] Alnpo] Q€A 8(Y) E HAHE AEE(Yy)

Table 59} ZAth. Aulo]e¥x =& B FAF AESLL 75.35% 2L 98.12%%, o] o Alnfo]EA &
(Y) #ETE oF 3% =4 veigor, §47 AESNY)S oF 19 =A e} Alvle|QEl s L. plantarum D-
2}

L2AZE 213 A do]

FPOI

H* 10

Optimization spray drying condition for synbiotics of L. plantarum D-12

Factor Condition

Feeding rate 100 mL/hr

Atomizer presssure 120 kPa
Inulin concentration 32%
Inlet temperature 80°C
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75.35+0.58"
98.12+0.46

ol
Measured

=

=

o

e

93} 7o 2 A Z% L. plantarum D-12 41

&
|

Predicted
71.70
97.43

H* 11

Yield (%)

Predicted values from CCD and measured values of yield and survival rate of
Survival rate (%)

synbiotics of L. plantarum D-12

UMean+SD
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