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Al0|MdFE 700 mg/g O
Hg|E EHX|, ElCidl d

3 =1
olul == HYS HA=SI M=
0

A A
557 A
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o0z
40

Alo| RS 800 mg/g Ol B

A2l E£e JEf =afaf Alzo BalE g4z x5
A sto] ®E

Alo|4 2 800 mg/gOl &t B

AHA HEE =45t0 A

Alo|MFE 790 mg/g Ol &+

o |y

S2nt ZAE 2 stALE EX|sto] M=




- AO|M T E 450 mg/g OlA By
- SRIAEIE 1~2% T ACE 8oz 70C, 1A|ZH S¢t
Melste, M2 F=AM(pH 9~10)35+0q,
AMHE[(EA2 2 pH 6.5~7.57F = &5} 5H0d 135
2EUSHA MASED XF=5(90~100C, 2A|2H) & =&, I2I0|E
= xEEZ o, 4, B, ME, d=x, 24510
A z=
- & Ao|MS 80.0% O|At &R
- EX|2RE 2MEZ[SI0] FHA Ql(Casein) S 22|56t
Zi2|3lsto] ERAMSRZ I35l (40~50C, pH
FIA 2l FCHE Jt=Esl = 7.5~9.0), MM SESHO 90C 1.58 SoF dxig|st =
224z (180~200TC, &7|F )50 M=
- ulof| A7l 2 18 mg/g Ol& &
- LHFE BX[st = RS 22|, MAsto] M=, tiFE
=] x| X| 5 HA & ClHgHRIS =2 MAEE A =
chl Al = =0 &X|sto{ EM = chzls 2|, st
- ZRCHHES AXE J|FESZ 400 mg/g Ol& &7.
ClO|EX @l & M L{AH2lo] 2el=lojof &t
- ofs 229 AM=0IA B[ FES AAT
atz| ol Ol= SZAA=stD 22slstio] M=
- 2|2l (Alliin)22M 10 mg/gol&t &7
- DEAS dfekstl ofnstALL A&, ZE, LIEE,
olayl&e 92 clE L= 23510 235 =3l &
Szl Za|ztoj2 2 ErAL [ 152 28 tt= =ez ZE5| 535 e
A 3lsto{ Algo| Mgt
- EZ|HYOIZ2FEAMS 700 mg/g Ol A &R
- 5|7F=l Lactobacil lus, Lactococcus, Enterococcus,
P i ojMEE Hjx| 2l
enm = 2ujo|oE A Str_eptococous, Bifidobacterium O|ME& HiX|
HoM=Z ueF, HA=5H0] A=,
- MAE 100,000,000 CFU/g OlAt &
- ol =2 AEoto] LALEAZ & ELtsio
ZLEEK = X =
- & 228 KE 0.5 mg/g 0|4 st
3) &=8M HAL &x 23 3= ME HE
O 7l ¢d=27F =zaE S8 MEe A= 53 e
- F2M ARLUZS MES 28 MEQ M= 3 e
- =284 MdEQ HARAE =33ict 7|sd f|=EE L8 MM (pH 4 UHe)S= M Ea
MBS = As Az 3 e Y
O =84 7Aulo| &rE 22 MES MAa
- Xt et Moz el MAMDL So|E JHX|o{ o|o|, O|F Tt |lSs
O =84 HRAUO| &r=El 52 MEQ M= g 9f
- 71& % 4o Mgtst FRE =el 7¢
- 232 FE7/0 Fe = 24412 MM S 7I5t0] 95+£5TCOAl FEHO| 1Brix7}t
2 WXl =&
- 2 F0 22F&EY FRAEE vjigH|gd 2 Felstn 20872 =8
- SUHZ 95+5TOlIA] 30x2F Mt = XASER7|0lA FR/LE
- 71& 3% 7of w2} Algsto] Meto{RE =elst = Z &/ E5|



H=3¥E

UxE&3
)

A

95+5°C 1A, 1Brix 1)

ey I

(84, Ol®, Brix 152:02 pH 41203)

of 2}

(80mesh)

ol

¥z

(97+2°C, 30%)

012

(BOmesh)

s

(80°C 0| &)

Y

Faz/4%

HERALM

ZZ/50

284 AR UUAR,

ZRE #2208 HES

QA Y=QN, sy

Y, LA, Y29,
e

X 28X

U, AY Yn, Yy

5:2°C 158
LUt

o
A

24 0|8 Brix 152:02 pM 41203
FUMZ S 0chu/g U W Ochu/g 822 8%

O +84 7700| #RE 82 MES EIXE MY
- MAH Y B R e Moz TRl AjAm
- debd 4 ml & 100015}
- gERE 24
- Brix: 16.2 £ 0.2
- pH: 4.1 £ 0.3
- &HE: 0.18 £ 0.03
O +84 #F00| FRE S8 MES /54 (Curcunin) 24
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(http://www.herbdb.co.kr)2l Curcumin 2AMHES Z
- STD(Curcumin, ACROS 21858-0100, 98%) === 6.
5l0{ MeOHZ E3lstF =

- 20§ [A]= 0.1% Acetic acid, [B]= 0.1% Acetic acid in ACN@22 HPLC =
ofei et &=

=
[
-

|
tnstol EMHE HYSIRUS.

5, 12,5, 25, 50, 100 ug/ml =

7=

pree Thedemethor | hemeihonn
HFLE (= T Detecior | Flew coe | biecton | oo ane | Teng, T cmL i Lurtmmis [ ar— wea
fxmn} [EN 1|r [md T {ruin)

o a0 T a3

"'l'lﬂ: Lisia CLE 4. o250, B ‘“__::"'I' tmLm | 30 1% i Is I " g 1% W
1 H ]

= = = =
a8 3. AHRL & 2A2 fleh HPLC =d

- EZE 2M Z3} ol &2 Peak Z1LE EHHSIFS
_1, i
Q8 4. A7 HT 24 LG AT
- STEE EH-S ETE9| Peak areas HASHO] 1X} 2HAlS TESIYS
S S (ug/ml)|  Peak areal| 8000w
= 58.524x- 9.3542
98.98] 574000 || ewooo -v=Sszuchss
49 49 2994.30 || 400000 - =
24.745 1414.00 || 2000.00 = g
12.3725 688.40 o
6.18625 339.90 : o o A

a8 5. AU Y BMS YE BEEE 24 Ay

O Mz=3dol e AHRLIel & st &l
- AREL 2=l 15 MF T2 40ml0|12, iR 0.5%2 MHYSIFZ. +88YH 7
ol 7lsy f=o 442 HAD = 12942 =25 s. 0| HIEHCZ F¢
HAC 2H2 ME 12 9F 40ml G 24mg
- 27 M= 3HE sot ME MY = MEe ARC S SH5UL,
7| 2L HI%S’-I FHA2l sHEe 18.20mg, 17.19mg, 18.26mgRlS =l S .
= HAIE 24mg CHH| 70% TF2=2 &= HE EA| Al RS 1.58] It &7
7ot g2 atolside
Area Conc. (ug/ml) Curcumin {mg) 2 A FiH| (%)
=7 2786.80 435 18.20 7582
=7 262910 430 17.19 ¥1.62
=l 2796.80 456 18.26 76.08

a8 6. HRL of S MEF 4L F HFL 24 24

O 259 Aol WE A0Sl ey Hat ol




- Mz=st HRC S2 MES 4, 25, 35, 45Coll Eatstd HF = 549
=. 2 2EHZ 1232t Eatsto] HAHR 2SS FAe 21 o=z F
°| 70% o|A2 ®X[st= golgr = RS

Area Conc. (ug/ml) Curcumin (mg) HA|FCHY] (%)

1 4°C 284120 464 18.54 71.26
1= 25%C 272510 44 5 17.80 7418
1= 35°%C 2713.40 44 3 17.73 73.86
135 45%C 268690 439 17.56 73.16
23 4%C 263290 434 17.34 T2.25
2 25%C 269180 4410 17.59 73.29
25 35%C 2768.20 452 18.08 7232
2= A5%C 276480 431 18.06 7223
A7 4%C 272420 44 5 17.80 T415
A= 259C 270640 44 2 17.68 7368
47F 35%C 272690 44 5 17.81 7422
47 A5%C 271430 44 3 17.73 73.89
B 4°C 2927 80 47T 19.10 7937
B 25°%C 292010 476 19.05 79.36
B 35%C 291940 476 19.04 7934
6 45%C 287260 469 18.74 7810
85 4°%C 281790 4610 18.39 76.64
B 25°%C 286520 467 18.70 7780
8= 35°%C 270 453 18.13 T5.56
8= 45°C 273930 7 17.89 T4.55
10 4°C 273730 430 18.01 7203
105 25%C 273590 450 18.00 75.00
10== 35%C 2776.60 433 18.13 T5.55
10= 45%C 75510 450 17.99 TAGQ7
123 4°%C 2813.00 459 18.36 7651
123F 25%C 2817 .40 450 18.39 7663
123F 35%C 277730 453 18.14 75.56
123 45°%C 273760 447 17.88 7451
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O (H=F)ZZEe|A FES2 MA 2 EM =l
- T2 Ee|A FE22 Total Flavonoids &2 442 8% o4, ==& 5% 0|5}
ol
- EE%EIﬁ FEE2 o AR Z0| 29 SdhA| =24 “‘='°I = E =olst
= UUS. O|E sZsH| et |2 F=FoMe W35 7|2 e, HE =AM
of B4t 3 73 7|s nd
2 AR

O (H=+/)TotHte F&=2 M4 2 E4 =0l
- TotHiRl FEE29| Polyphenols SEF AR 24~45% (w/w) . ™ ollAMe il
= 50%0[|At0|0f, 1% &F M2l pHe 4.0~7.0&
- HEMA2 ol et 7.5‘0| ZAo|oy, =0 oAl & s= AS2 2elg = JUAJYS
27 A 1
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O (Rlgat 2 XIZF)EPA-DHA Bt X0 Mat 2 SN stol
- EPA-DHA &% T Xl= EPA2} DHAS| B2 = 60% Ofake!.
- EPA-DHA R RAIE 715 ME20|Z olzjet Zo| 23 FalsE U2 HelE 5
glon|, Egof HZ OfF7} Lis HE U £ AYS.
HE AR

uol-
:|

1% 14. EPA-DHA

.,_
u]

O (& & Erata)gdz0ode dd R 54 2l
- HE M2 otfet Zo| EAM0lH, 1%2 Mol Al & Sal=Ees HE =
25t =

2lR A

O (CHER)HH23hY 2eHAselo] Mo 2 54 ol
- hasty UEHAERIS MOIMR BY AL 8% O, FETTES 64 0l5
— 3.5~5.5¢!.
- €2 MAS oldfet Zol Buyolo], 142 MHGo BaHAl B SshsE He
o513 S
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O

Shx|gh, Lzl AbE(extrusion) 2 S8t H=st WH2 L5 0[20] xZetel Het
SY0| Zeh=of, dUHez M= 80| Hd4stks 2MAEE 7HXD A0 HHH

Akl e
etEHA A F2EFE CJLP133 #FE MRS A v X[(Difco, USA)OIl, 37 COlAM
10A|ZF St i st . v LM e| oA = 2k 8.68 x 1079 CFU/mLe| & &fel
SIS, MRS HiX|] ME2 Ct331 Z0| Proteose Peptone 10g, Beef Extract 10g,
Yeast Extract 5g, Dextrose 20g, Polysorbate 80 1g, Ammonium Citrate 2g,
Sodium Acetate 5g, Magnesium Sulfate 0.1g, Manganese Sulfate 0.05g,
Dipotassium Phosphate 2g &¢&5t0f 1L 7t 2 £=235}5t01 HASINS.
FAAH S EZ &S5 Sodium alginate solution A=

D FAEE S HEFSE Hi S 10E 7 RIAEE|st0] MSHS 2|1 PelletE =HE
SIS, &HESt dxdl= HAE Alginate solutionZt 1:29] H|S(w/w)2 3027+ 1l
gisto] oHM S Al .
FAAS EZESH= Ca-alginate bead M=
. FAZ|E 0| 235101 CaCl, solutionoll dropstod Ca-alginate beadES M Z=35HFCH.
0|F, 1A|ZtS ot &X|5104 Nato| 20| Ca®ol222 x|&t=|HA alginateZ} LA F
ZTE Mol HESI FYEHES 5HUS.
Ca—alginate bead2| sZH=
MRS EZesh= Ca—alginate beade 2538 T SZAX7V|E 0|85101 A=
SIH 2. SAAZTE 50412 Sk -20CollM 30CHHX| ASAI7|0{ FAHFIHS.
ZE-2A7IM HIEZ ZXE FAF M 7| e A3
- CaCl,Btez2 FME=l CaCl, solution® AF2SH Alginate Bead M=g 2 M=g
T A}
. CaCl,22F A=l CaCl, solutionoll F&HF Pellettt =%tst Alginate solution
S Yo BeadE M =5ICH Bead MZ=F&2 58.17%, sZ2Ux F 25 M=
82 7.38%=2 e @2 A2 =el & = AYZ. ol Ax=nHAM E5 F1tE
F0{of Sk= Alginate solutione] SZE S 7} CaClOllAl Drop = 1A|ZF o+ &
stel= 32 HRXH SZES HAEF0| M=o Ldst Aoz Het =

E 4. Bt CaCl, Solution Ca—alginate bead?| A= =8 2 SHHXT MEE

i Ca-alginate bead
Ca—alginate bead

AlAlof 2.3 L.plantarum o ME=g
. . M=+g .
(CaCl, BF=) alginatesolution ; (After Freezing
(before drying) .
drying)
Visible cells (cfu/g) 1.00.E+11 6.07.E+10 8.65.E+10
Sol or Bead (g) 210.0 201.4 17.9
Total cells (cfu) 2.10.E+13 1.22.E+13 1.55.E+12
Survival ratio (%) - 58.17 7.38

A

- Maltodextrin &7} CaCl.solution2] Alginate Bead M =48 2 MZES ZA}

ok M=A REAM 2 SZES Z37F L2{E MaltodextrinO| 25% HIGE
CaCl, solutionoll &k Pelletzt =gtst Alginate solution® ©O{EE2{ BeadS
M Z=5t9S. Bead ME=FE2 89.29%, sZ24= T 2T MES2 19.33%2 2 &kAl
= Hg 2SI S. Alginate solutionZt FAISH =2l 25%2| Maltodextrin2 =
bead M= F=E0| I SMEJALD, To UE SEHAXT HES
(]

ot o

5
40

oI5l Ca-alginate &
T HME WS Felg = U/US.



I 5. Maltodextrin H7F&l CaCl, Solution Ca—alginate bead2l XM= 8 % THA=X

HES
Caalginate bead Ca—alginate bead
-alginate bea
AlAlof 2.4 L.plantarum g .o M=
: . . H=xg :
(CaClotMal todextrin) alginatesolution i (After Freezing
(before drying) :
drying)
Visible cells (cfu/g) 1.00.E+11 9.05.E+10 8.52.E+10
Sol or Bead (g) 210.0 207.2 47.7
Total cells (cfu) 2.10.E+13 1.88.E+13 4.06.E+12
- 89.29 19.33

Survival ratio (%)
- Trehalose &7} CaCl, solutionel Alginate Bead MlZ=g 2! MZ=E =ZA}

T20| o|st &AE ogtstey SZHES 51F 2e{El TrehaloseZt 25% A7

o=
CaCl, solutiondll At PelletZl =&tst Alginate solutiong® EO{Lt2] Bead=

F gi
MZ=s5I¥S. Bead MZ=FTE22 97.01%, 24T T [T ME=ES2 45.75%22 1
|5t 2~ 9l9d

2oL HS HME AE =elg =

m
Ojo

E 6. TrehaloseZ} HI7I=l CaCl, Solution Ca-alginate beadel XM= £8 ¥ SHAX

HNES
Ca—alginate bead
AAlo 2.5 L.plantarum Ca-alginate bead g ,
. , i (After Freezing
(CaClot+Trehalose) alginatesolution (before drying) ;
drying)
Visible cells (cfu/g) 1.00.E+11 9.88.E+10 2.03.E+11
Sol or Bead (g) 210.0 206.1 47 .4
Total cells (cfu) 2.10.E+13 2.04.E+13 9.61.E+12
Survival ratio (%) - 97.01 45.75

- Eh& gl ctebRio| M7IbEl Alginate solution & CaCl.solutione] M=
ofeEe} Zo| =g T "W@Hstol Z=H|SIUS. CaCl,
= A

Alginate solution2
solution2 7H& &2p7} Z4H CaCl, 10g, Trehalose 250g, 5 F 5 74005 =
E 35l =H|SIUS. Ca—alginate bead?| SZH= M=E8 =£0|7] fldll, SZE
S 2371 L F EHE 2 cHEEAFRE Alginate solutionoll F7H5H0 H =35I S.
HEMoZ ol AMBsts HHZERe| ZZESH = Skim milkZb US. SHX|EL
kE Z F A5, Skim milkel Z&ME0| Alginate
o

[ =]
of tix gh3sto] detxls A2 =Y = AUS. ol2{e o[ 72 CaCl, solution

A
off Drop 32 U Bead7t M2 MH=X| e AS &elsto Aol HMAH st

AA S
RS, AES 25 Alginate solutione| LEHE &2 22%2 M =sIF 2L, SE
M(HM)ol |RXI== 20~30% T==0lM 2zt MEES JI14E = U2 HWoz mot
5
= -

I 7. Alginate solution & CaCl, solution2| HYEH|

TE Sorbitol Sucrose Soypeptone
Sodium alginate 20g Sodium alginate 20g Sodium alginate 20g
. . Trehalose 70g Trehalose 70g Trehalose 70g
Alginate Solution .
B | Sucrose 70g Sorbitol 70g Soypeptone 70g
= Maltodextrin 60g Mal todextrin 60g Maltodextrin 60g
S&FF 7809 S/ 7809 S5 7809
CaClzsolution o
by | CaCl,10g, Trehalose250g, &/ 7409
=

- Alginate solutionol SucroseZt 7=l Alginate Bead2l M=g AU MZEE A}
SFobA PelletZl =88t Sucrose ®7F Alginate solutions CaCl, solutionoll &

— =
Ol2f BeadE M =SIUS. Bead MEFTS2 94.86%, sZ2UxX T =T YES2
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mjn
n|0

50.52%2 o9 Zztet RAtEE &2 2o

E 8. Sucrose H7I=l Alginate Solution Ca-alginate beade] M= 8 X SZAU=
NES
) Ca—alginate bead
L.plantarum Ca-alginate bead i
Sucrose i i ) (After Freezing
alginatesolution (before drying) i
drying)
Visible cells (cfu/g) 8.90.E+10 1.05.E+11 1.86.E+11
Sol or Bead (g) 210.0 168.8 50.8
Total cells (cfu) 1.87.E+13 1.77.E+13 9.44 E+12
Survival ratio (%) - 94 .86 50.52
- Alginate solutiond| Sorbitol0| FJ7F&l Alginate Bead2| M=xg % MEE A}

SFAbR Pelletzb ééé Sorbitol &7} Alginate solutions CaCl, solutiondil
HO{EHq BeadE M=ESIHS. Bead MZEFE2 91.42%, sZ2UX T AT HES2
AL
T

68.31%2 =3 O JHd&E &2 ZIE EFAUS.

F 9. Sorbitol H7I=l Alginate Solution Ca-alginate bead2| A= =g % SZEH=

MEs
: Ca-alginate bead
: L.plantarum Ca-alginate bead
Sorbitol ) i ) (After Freezing
alginatesolution (before drying) )
drying)
Visible cells (cfu/g) 8.90.E+10 1.02.E+11 2.58.E+11
Sol or Bead (g) 210.0 167.5 49.5
Total cells (cfu) 1.87 .E+13 1.71.E+13 1.28.E+13
Survival ratio (%) - 91.42 68.31
- Alginate solutionoll SoypeptoneO| FI7I& Alginate Bead2| = 2 YES =

M

%01EE4 BeadES M| =35l%G 2. Bead ME=FTE82 98.72%, SZHX & T MEg2
86.32%= O 7ZWME ==of ZUE HOo{FAUSZ. 0|2} &0| Alginate solution<
neS =501 Ca-alginate bead HI=A| RAHAS =

M Pelletzt &St Soypeptone A 7F Alginate solutions CaCl, solutiondil
=<

=ME Trehalose2} soypepton
A7z 25 371 2diE 22 =eld = JAUS.
E 10. Soypeptone &7} Alginate Solution Ca-alginate beade] M= & 4 SZH=
MES
i Ca—alginate bead
L.plantarum Ca—alginate bead ;
Soypeptone ) ) ) (After Freezing
alginatesolution (before drying) ;
drying)
Visible cells (cfu/g) 1.00.E+11 1.10.E+11 3.80.E+11
Sol or Bead (g) 210.0 188.5 a7.7
Total cells (cfu) 2.10.E+13 2.07.E+13 1.81.E+13
Survival ratio (%) - 98.72 86.32




Fermentation in MRS

\ 4
Centrification
(8,000 x g, 10min)
Resuspend Alginate
solution with pellet

4

Stabilization (1h)

Alginate solution

Y

Drop into CaCl, solution CacCl, solution

Calcium Alginate Bead
(before drying)
A
Calcium Alginate Bead
(After Freezing drying)
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O
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1% 21. Calcium Alginate Bead A

O ZF-Y7ZIMt v E2 ZFE A M= 7| L M3}
- 2 oM HMAISH LZIM HIE M= HHS Si Fidel M= =8 2 MES
O] EI7|Mo =z ShitEl 2ZIA HIEE M= = JUS.
- Ct= SZESH e Z8sto M =8+ =+ Alginate, CaCl,solutiong 0O|-&35H0d
M =8t Bead2| n2otHAME H|WSFECE 40COAM 1257+ HE5IF S mf, thx
o A 1.674l0g7F HASIFH 2L, Beade|l A 1.0271og7F Z+4-5t0 T2 oHH A0
SHAEl AHE Eeld = UUS.

2 AR koA
T O-—L
0w
i b -
]
L]
| |
—. .
= ™ [ |
-} - 8
a s L]
| ] .'
! -
L]

- = JHEol M MAlH Szieh HIE Mz gHE Sof Wotd & UEEY0| eketE

]
]
ol
2
=
F
o
=
F
M
=
=
Q
>

&
@

(@)
)

@
(%]

=
c

S
=}

mo
°
00
_Ol



0 M =35t BeadE &2 ZAHSSDP, simulated stomach duodenum passage)ol h=
LiaEM 3 HEEN MEs S8 4ZE22 H|Usi¥s. HWME A™HE flsh MRS
brotholl 5N EAHHCI)S & 715104 pH32| Acidic MRS brothS M =3t%F=. LHEHSAM
AMHE sl A= 10% Oxgall solution 2} IS EEM BufferE M =stI¥S. ot
MEZ HWE /s Acidic MRSH| CH=Ze| 223}, Alginate beadE Y11 37
k1 1A|7FEE°F HFS 351G 2. 0|F 10% Oxgall solutionZ} BufferE 71540
2 BY T 2A1ZF ¢t dSAIZl = MEZ S0 Fitdel *”"%2 golstds. A
HAD = FAHF2 0.37%2 =828 E¥ 10, Ca-alginate
MESS H0o{ U&d 2 UeEAH0l 3 gaE HS =ele = JU”RS.

-l
°
T
s
\l

1. Ca-Alginate bead XM=& S SSDP H| A
=73 =(cfu/g) HAEZ 3 cfu/g) MZ=Z(%)
g wof 1 2.45 E+11 9.02.E+08 0.37
AlAJoj 3.5 1 14.E+11 3.93.E+10 34.01
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Abstract

The present study aumned 10 idennfy G eficient cryoprotectanss formul oa the survival of Lacsdacillic plantarum
CILP1I) microencapwuiated ia calcium siginate during Sweze-drying Trebak Ctod R, wecrose, aad oy
peprone were selecied © develop opumal formulsgons of cryoprotectanss that were added 10 e calcmm algmate micro-
P wag techoology The soy peptose after betng combized with tebalose and maltod s
detenzized 10 bave e dighest cell viability das other combimations of sucrose and sorbitol dwing fOeeze-&rying after
mxcroscapsulation (2 <0 05) After storage for 12 weeks at 40 °C. the viability of microencapsulated L plomtarum was
reduced by 103 log CFU mL ' while free cell visbility was reduced by 1 68 log CFU ml ' Addsicnally, microencapss-
lated cells with Cryoprotectants were resistaat 10 d stomach-ducdenmm passage (SSDP) 1 vito model. compared
to See colls (p <0 05) This wrudy highlighted Dat 1oy peptone was Be most muitable cryoprotectant with tedalose and that
the addition of mahodexmia dunng Seeze-dryimng after microeacapsul ol p wm conferred endanced survival
dunag loug-term sworage at igh temperanwres aad under adverse SSDP coaditnons

P

Keywords Microencapsulation - Lacobaciiing plantarsm - Freeze-drying - Cryoprotectaats

Introduction [2) Probeosic cells reg for proloaged d
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6) TOlHIY F&= &R = XIEMHE oHEM HIt rI™
O Tolull FEE g7 ASE MEQ 7
- Fold}t XpZ 22| FRARE= FOoMNPsidium gujava) 2l ¥E A FE5tD o1}, =
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Accordmg 0 the WHO FAO, prodioscs are defined as “liv-
ing mucroorgamsms, which confer 3 bealth benefit oa te
bost when provided is suficient sumben ™ Health sad Bac-
tena (1] Puacooaal prodeotics should be viable, nhr-n

of the most efective iechaique for protecting bactesial cells
agaiast swesses, such as beat humudity, exmeme pH, aad
Banzful subsnances, aad it 3as Deen comsidered for Enprov-
g De resistance of prodiotics within food prodacts 1 e

bile and gastnic Suids, able to survive ia the ga
e, uu-m--u:m.-muum

e:xns-mwu-mm--

#ac d durmg processing. swompe. and espe-

clally passage through the mtestinal tract (4]
Freeze-drymg i cusvently used 25 3 preservation method
for preveatmg encapsuisted proteotcs from penshung dur-
ng loag-term storage. and It i usefal &3 terms of coatami-
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10 152 0.003534 -2.962644 0.051682 7.855674
15 30 0.003472 -2730576 0.065182 1.955452
20 61 0.003413 -2.506428 0.081559 4975101
25 61 0.003356 -2.289802 0.101287 6.178477
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Growth Curve (CILP243)

T T3

g 31.

o

- = AL Z 3ol of

-

nl

ol

[

X}

g %

A ¥

7|

TE
8%

g

o2

100061-3

5{%1 0l

R
£

R
¥ 3

0|28t SAbS W

wir

o

olo
ol

[m]

g

7t cix HIMCh

EE]

ol 3,500 0|

A3}, iy

AH|XF = AL

o
&

110

o
o0
©

Ol

ol

"0 = B3 1ol

M

- HMECE 040l



B 183572

=
=

| jols| 7

M a
A

IH

H

[y
o o

(1R =] 7]

2

k=1

TH A
THA A

ol i
=< o

(=]
?__A—-ll

H
T
0f0
Iz
o
X0
J)0

512

k=2

4

AL
= o

Klo
X0
0
oJ
oK
H

ilo

0f0

2) 1

=
=

| gjole| 7

ZEIA

ofd

=3

4

AL
o

Ki
ra
oM

O 29% 7|

F

prud
ol
-

El

ol
Ka

s H| <« | ( BN AN WN ([ AN ) |
X0
%0
ol
il [ BN | [ ® O « N (AN ) o
T
3 N | [ ( 2N AN BN ) H N o
il
K
o
= N ofu il
-~ ﬂ_ﬁ 2w | © oF | O | 38| ¥
= |0 < ¥ J/H =] -z T _
T W [ KE KE | R | K e i e s o)
au_ ol g | 4| T ok | TS | 2 w
= M| mv__lu_ m_m_ < El M| < <r <" K
ofl TRES W??MEEr.Eme?m.b =
A3 o =T i - oll _
e H o H il
T i+ 01 = Jhu
Ie)
urdl Hu | =
il d| o |o SRS = = |z o | R Ik =
(||| 25 | ¥ (A | o 30
MW | H|H|8| 8D Wl oA T = =
R ||| K0 Ko vo| & ofu | o 3
re
Ih L
o
L i I <l <+
% al Hu N wl
P H] =y 0F =X
10




)

THHIA

o | [ | H H N

() () [ | ® H N

[ ) | [ | e N N

oF +

2 Iy

= ut| g

<r 7ol o ey 2o

= ol -l = || & [no

B = R

R I & Ny

Kl ]

v il
51 |rn Al I
L E) " i H
oK <!
R e
il Mu <l = gl 0
oWy Tw| oW
S = Hiil 20

> jm

® <X O
< ]
M_ ofu 4
<4 - EI
IH 7l A
T % K
=m0
<0 mO Hio
T
ko
oo K =
-
A_l 7h |_.no
o ~
=) ok N
|_._._._._ — i
DEE
o2 o
< I =
R
< o
I
&l mo wmo
SR
1
ok ok 0
4 tjo
N 10d &)
ol ®F =
™ -
I
O_| —
Ko .
H 33
- |
-~
[e] T
ol ol
M r %
o
OF- _._._._ 7T
00| . I
Jo 31 0 o
~N O oo KO

o

105°C2| dry ovenOil A

—t
ol
—_—

Ol

0{0
o

ot Al 7ls

= oty

)

oK

ofl
20
o
__o_l

.
__On_
-

SES

!

Erd,

SolA 14~3

4, 25, 37C

I

PN
(il

F9|

analysis),

]|

=

o

o

=
o

td 7]
thermal

°

DTA(differential

2 2}

o

—

—

ol

<)

7t
DSC(differential scanning calorimetry), TGA(thermogravimetric analysis) &2l
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EPA-DHA( 2M| 7} 3
Xlgkab 3 X[ A& EPA/DHA GC-FID, MS
K| ghAH
714k oI A Al =& HPLC-UV
BT 2h| A HPLC-RI
= gl EtRSE 2|0 zEtE S| 0 HPLC-RI, ELSD
ZChEH| =0 A o S-2hoH
Tord, Tord
o HPLC-RI
Clot= JtrEsl=E
S U ECAEE HPLC-RI
& AlolMw SAEEH
=0[HA Alo|dF ST EH
U 40|47 assyY

CiEH&

e Zal Aolde sazary
Alold g S 447 Aoldg aaEEY

olgdl, xAHEl FE= SAFEH

A RbE Aol M 7 sz

SZOEX Ao|MHF S EH

Soreky aazay

ofg| =t 2 FHA el T Jl=E26ll = Kjeldahl, BCA assay

CHHRI=

=T Chul &l ST Kjeldahl

oto| &k A[AE| QI
o otz ol obs HPLC-UV
'IT_II:_K-”
Z2|H Elo| ZFEA Eg| o2 FEA HPLC-FLD
EESHE Oy
g oMEF T H}O| RT-PCR ’
oM E CHARMSE ZLZEIK =3 HPLC-UV
O 7| ¢erel BB/ Y

- ST/ EMutdo| AMgM R E ZHAISsH| Qe 208 flg & TZ2EZ|
A FEF, TZHO|QEA | AN|F2|L}, FolHlQl FEZo| et lab-testE X
51
= .

- TZ2EZ|A FTEES SHT 9% O|EFS0|| EAA 7] T AMSHE F5t0] HEEAH
= 8ol Bl =M(O8 1), dEHEe oo w2t Z2EEA FES9 Y
s8E2 & ZelEolE &HE St & E2Ho|E o2 ZE2Ee|A FEE0 %
HslAdFTolEE2 1:11 HIEZ =Zgotol Al20iA 1022+ EFSAIZI = microplate
reader (Bio Tek Instrument, Winooski, VT, USA)E O|&3I0{ 415 nm TEojM SEHEE &
e 0-250 pg/nl s£2| HEME Moz xF ZMS EAMSI0 & E2HE 0|
E 2 LIEIAS.

- %%—’F M= 99% Ol EF=0| ALt Cl2H & 24X 23 Ji2fgrten S/
oM & E2IE2L0|E =2 5.43 + 0.32 mg QUE/g, 99% Ol|lEF=O0AM= 98.39 + 6.21
mg QUE/g2Z =0 gt Sl =71 FelH2Z RHJUS(p < 0.01).



(A) (B) B0
& B Dw
% B 95% Bl
EW_ i
.
=
S
$ 20-
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?

D.W 99% EtOH

o 9% EtOH

a8 1, ZREZA FEE ol EAM. (A) 2olo wE AEf (B) & S2iEL0|=E

**) indicates a significant difference by student’ s t-test (p < 0.01). DW, distilled water; EtOH, ethanol.

ZZ2EZA FTEES 24X (Daihan Labtech, Korea)ollA 90°C, A|ZMHHE(1, 2,
3, 4ANZHE dXelsld M e EME(ad 2). & E2EolE &©HE 2 &
H{ = olg 4

{ 8o

0
0
— 0

[= [

Ol

e

!

mO o)
N

N

Rl

r\l

= o | &
AL ZHSI Y, 4A2F 2ot = & S2EL0(E &3 MES0| H2EIAS(p <

(A) 7 | (B) -
w 1 Py a a a
r_ E- a
|'_ } ‘EE a0 b
f ES
c
v g ”
ﬁ% 30
B
- 2
Axz & & i] 1 2 3 4
Heat treatment time {h)
J7 2. Z2E2|A FEE ¥ oFM B4 (A) X2l 8F Mel (B) & 2 x0(= e

rEE
ab) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05).

T Z2HIO|REIAE phosphate buffered saline (PBS)oll &4 & s
63, 72C=Z dilzZlst] ot M s BEAMEH(O8 3). HEEAMHe ZTE=SH
g Sl & Ma+=2 LIER . 50CollM ERX 2] 1
(p <0.05).

(A) (B)



jlel 320
E £
5 =5
B1s{ a S15{ a
g g
'] [
= 104 = 10 b
3 b b 3
2 c 2 c
d

-‘g 5 E 5
E Li] ég 0

0 50 63 72 0 50 63 72

Temperature (°C) Temperature (°C)
8 3. ZZHIO|QEIA HE| Azt w2 & dds. (A) 12 (B) 282

@) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05) .

M 80C, AlZtHE(1, 2, 4AZHE LXM2|5te] HE=
A sH( W2 ;20| w2t AufFRe|Lte 7|

dEe & E54 2dEs 5de. & 952 g2 2nFE(Let 85% otME

S = . =
&5t 4TollM  24A12F Sob Habst 3000rpmoilAl 152 SoF fAMEEZ[S }01
microplate readerE O350 642, 660 nm I}EOA AtSHe| ZHTE FHah
Axz| 1A|ZH A3} & = 2f0| A5t on{(p <
60%, 4AlZ+ Foll= 44%2 ZA3tH S(p < 0.05) .

[s13
=
o

-_-.-.iﬂ
E
=
.1
-

20
< T
8 b e
i:,. 5
o - C
Ew
]
4
=
2 0

0 1 2 4

Time (h)
a8 4. 2z RaiLle) X2l AlZiol 2 & HEL B

@) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <

0.05).

AL Fe|Lbs 28 ZALSH HERF ZHo| Hof Eotd e, ESH An|Fa|Lte] EM(ot
HM) S 2Me o A2 = A= HBEMEH AagMsS HASSIHS

TolHIRl FEES TFT2 99% O|EF20| EMAIZ] T AZSHS F5t0] HEEA
HE Sofl SHE EAH(OE 5). dHEAH2 E20| w2t Folste! FE=9
lsMdEel & EolHs S SHE. & Zolhs &2 FolHlY FEE21
2% ERMHESR 3 50 ZSE-ALLLF SUS A20lM 8EZE HISAIZI F
microplate reader& O|&3t0 750 nm LtHOIAM SEHEE . 0-1,000 pg/mL
SEo ez gF IME ZMH5 & E2lls 2EHS LEHAS.

oAM= 99% Ol EtSollM et ct2d & Sot=flen SFFoM & Z2lH s
= 4 13 + 2.48 mg GAE/g, 99% OEtSOA= 25.93 + 4.09 mg GAE/g2ZE
%Oﬂ st sl =7t Reld22 =UuS(p <0.01).
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2T EOM 90T, 24A1ZF B 2[st0] kY

@
<

[ ]
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1

Total polyphenol content (mg GAE/g)
o =

o
2 2N WS oot SUs. gxel

A5 Z(p < 0.05).

u ‘
T
=

. ow
3 99% EtoH

bDw

J8 5. 7ol FE=E sl =M. (A) Solol w2 Mef (B) & Elulz &
™) indicates a significant difference by student’ s t-test (p < 0.01). DW, distilled water; EtOH, ethanol.

124

120

0-

Retention rate of total polyphenol content (%)
g

3 6 12 24

Heat treatment time (h)

2 6. TolHlY FEES EAa| Azl wWeE & &
@°) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <

99% EtoH

2 28Il

P& = & 28]

25E 2P VES.

0.05).
- FOolHIY! FEE2 $8Y Ao I =20 28 ZAEH HIF Zto| Hof| &
oFY et T, FolHIY FEE2 S4H(SdE F HAM)S AT I AtESE 5
U= HEAMHe| MEME HBSIYS
2) HESE st 7| |E2 AEAE MBM BZ 7| 7YY
(1) Z2EE|A FEE
@ Bl 2 ofHM ZZXZ2 st clYst & A= U EH EY
O Z2E2A FE2 X LI-OEE M=
- Z2ELA FEE 2 LI OE 22 7|ENMT SIYFEL AtO|2] o2 AS UM
£ 0|3s5io] mM=g F|IEA Mol ZZEE|A FTEES FE5| 27 F b
(1,000 rpm)otHAM S|LFELA SHS dropwiseE HO{Eg] L OlE|2S M =&t
- ZR2ELA FEE ZF LILIOEEE 7| EAT YR EN] AH[HZ 5o &
M2 EAMEHEY). 4:62 M elet U] S0AM CHEAX|FIF 2F 0.322 12 X F7|
£ LiEHH . 4:79| dH|g0A 4:92| H|gHCl HE M7t Feldez2 JIIEHp <
0.05). watM 4:79| H|EE & A M=x==ZHe= MFYE.

3. 7| EAtm}

ol

|eF 240 HF d| 2o i L TtE[E2| Xt 54

CS:HA (w/w)

Size (nm)

PDI

Zeta

potential (mV)

4:6

357.5 £14.1°

0.412 £ 0.010 ®

25.1

+1.3°



O

4:7 378.3 £ 6.1 ° 0.309 + 0.018 ° 243 + 262
4:8 377.8 + 11.1 2 0.261 + 0.048 ° 23+ 0.5%
4:9 360.5 + 6.8 ® 0.173 + 0.019 ° 210 £ 0.7°

Data are expressed as mean = SD. *°) Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). PDI, polydispersity index, CS, chitosan; HA, hyaluronic acid.

Z2EeA FEE XY H2|ZE M=x
FE= X

zE2E2|A A Lie2|ZE2 ZALOE|YEE, SoAH S s E S
f M=g. SIMZEUSFII(EYELA, Tokyo, Japan)Z2 ZEAIE|EEZE, ZaA

2 BN W RIISHE SLUAFA U2 M=xT =, LT
s MItstod A . F7|E daA7|D dYdet dXE g5t
i =T H2lZ[(VC505, Vibracell Sonics, Newton, USA)Z I t

=21 X2|5tod
elZEE M=xg. oudEs Sof =30 X2l Al 4222 MYSIRoN ZA
ME|Z ZEnt S AH S vlE 201, 6:1, 10:1 (w/w)oll waf LxE[2ES M=
5
z2Ees FEE 2 Ur22ES X AOEI SRR S AH S AHER Y
g2 S42 ZME(E4). 212 H<lg H|BoM CR2AX|It oF 0.322 1E ¢
A 371 HER . 6:12 10:12] AFH|ol| WE 72X Xtol= GllS. w2t H2
Uo| ZAME|YZROCRE Lir2|XZE MZEJ} 7tset 6:1182 2A M=E zzez M
X st

4, ZAIE[EZR S 2HE2 A0 ME Lix2|xzFe A &4

PC:CHOL (w/w) Size (nm) PDI Zeta potential (mV)
2:1 112.0 + 0.5 0.375 + 0.014 @ -63.1 £ 1.1°
6:1 112.0 + 4.1 0.213 + 0.014 ° -54.5 + 4.8 °
10:1 111.0 £ 3.9 0.224 + 0.010 ° -58.0 + 5.1 ®

Data are expressed as mean *+ SD. ®°) Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). PDI, polydispersity index; PC, L-phosphatidylcholine; CHOL,
cholesterol .

O HIoElE ¥ L2 ZE HEls® EM 24
- LeTE| 23 2| ZFE S FAMAISO|E (Verios G4UC, FEI, Hillsboro, OR,
o

O LirmoelE R U2 ZE
- LieotEl 2 2 LieE|E

SN 2Rel0l Arel RUME Heltmoz BE(aH 7). UxnE2E 2
deow, dzelEEe dnae delel THoR HeE.

v mag ® WD  HFW  det mode
5.00kV_30000x 4.1mm 4.23pm TLD SE

Oy 7. ZREE A FES ZH Yol el S4. (A) LicTEE (B) LB ZE

LTI
A
s
Mo
Ar
bl

= —
24 SHS amicon tube (MWCO, 50kDa, Millipore,

Billerica, MA, USA)oll £0{ 4,000xg, 4CollM 302 =°o |AAMEZSINS. o|F
oufiol & EZIELOlE THHS ZHSIUS. ot &2 AS ALSsto| &
E(entrapment efficiency, EE)2 AHlAtE.



EE (%) = {(total amount of flavonoid - free amount of flavonoid) / total
amount of flavonoid} X 100

- 2 AMAE Sofl =&t LeoEE, Led|ZE2 EI'E%(‘V)% 212} 84.6 £ 0.4,
91.6 £ 2.1%22 Li2|ZFO0| '—I'EI:J-'-I-E|301| Hish fFelde=z2 o A HE(p <
0.05).

@ sz X EY XS fle Y Yest dH MY
O HUHemEE & HE2|ZE2 Bl =4

- LeoE S ¥ Le2|Z2E 24 U2 3,000xg, 4TCOIA 102 Seb AaEz2
gt O|F MBNUS 0.45 pm cellulose acetate filter2 o{tgt =, & E2tE -
ol= gtEe FH=(ad 8)

- LeuE[E R He2[2EL] Sl =4et 21, LutEE # '—PiEIE-E-P—I =
e &R0 SdlE Z=2EE|L FES0 Hlsh 22 2. 43HH 6.03tf FZIE. Lz
2|ZE0| LtemE| 2o Hlsi =7t ReAXHE BXHAZ(p < 0.05).
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v9)
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(A)

-
o
1

P
o
L

Total flavonoid content (mg QUE/g)
@
=

Free PE PENF PE-NL

J8 8. Z2E2A FES i e 2|xFe| s H|m.
a°) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p < 0.05).
PE, propolis extract; PE-NP, propolis extract-loaded nanoparticle; PE-NL, propolis extract-loaded nanol iposome.

O LemE|E U LHe2|ZEEQ| pH oM 24
- Free, LHeTE|2, LHr2|ZES pHE 3, 4, 5, 6, 72 ZHE HIo| &
EZg AIBSI0] &S 85 -
2 9).
- DE pH HY(3-7)0M LI ZE, LILIES, 2522 202 & Z3EL0|E
ol RAHo= =US(p < 0.05).

80 Aa W Free PE
Aa Aa O PE-NP
PE-NL
Ba -
40+
Ca
Ab Ab Ab Ab

ABcl Bc ABc

Total flavonoid content (mg QUE/qg)

n
o
I
B
o
s]
E—]
>
(3]
[ H

T

pH3 pH4 pHS pH & pHT

3 9. pH =Zof| g LentE[Z, Like[xFel & E2E0|E &
AC) Different uppercase letters indicate significant differences between pH values within the same treatment.
@°) Different lowercase letters indicate significant differences between different treatments within the same pH value
by Duncan’ s multiple range test (p < 0.05). PE, propolis extract; PE-NP, propolis extract-loaded nanoparticle;
PE-NL, propolis extract—loaded nanol iposome.

O LhrTE|2 ¥ vhr2lEEO| N oFHA 24

Free, LHzmE|Z, Lhca|EES 30, 50COIM 4% Sof Masin) A5 7217oz
m2Eola 529 Jls4Ee & Z2ELOlS IS MY EAMEHD 05



2 MEsS HEE(TE 10).

O
- ATl NE ¥ 2E 2Z0M LienotE[ S § L2 ZE2 30CoAM 3F, 50T

o —
oM 2F Set X&st o|=FE FES0 Hls| & SetE0olE & THEES0|
TR U2 (p < 0.05) F MEAH ZF 7el& Xlol= UAUS.

(A) (B) 120 :

120 o o
I —— S O s S
%mu _\_551_—_. —-""'i"\:._\_\_\_l:{ -:-E o 'x._i__:b-’-‘.'.__ 2 '.:
8 A i
£ - K i !
2w i %
;Eg 4D i* “‘:é . a Fine P ki
§ 20| o rewr BRI
i & PN o i

o ' " - S 1 2 3 H

e 1 i 3 4 Storage time fweek)

ab )

PE,

Siarage Gme |wWaak]
J8 10. ME7(ZH Y ME2F0 wE F&EE, LIOE 2, L2 ZFS
& E2lE 0| &3 XHEE d|. (A) 30T, (B) 50T

Values followed by the different letters are significantly different by Duncan’ s multiple range test (p < 0.05).
propolis extract; PE-NP, propolis extract-loaded nanoparticle; PE-NL, propolis extract-loaded nanol iposome.

O sl & AEY FZs 2le Yest 2wy MF

(2) =

L otE[ 20 2| Z2E 25 freeo Hloh sz, pH otEM, MT etddol

SIS, Hsst LYol e oletsty SH(AO[=, ChEAX|S, MERS], =

O = MEa - = -1 o

Hag), ST ¥ oY Il HnE s|mE 23} Lie|EF0| 0|3ty 4,
Eoil e, pH g do| f3dinf M etdde F HEA k2l welHel xo|7t &l
e A = = dl o 3

2HIO|EIA(Lactobaci | lus rhamnosus GG)

® cHtHM BXS 2t clekst e A= 2 EM 2N
O ZZHIO|LQEIA ZZ AX[HO|E HIE H=
- ZZHIO|REIA Lactobacillus rhamnosus (LGG) @3S MRS X| v X[(Difco, USA) 3

- Z2H0[2E

7COlA 18A|ZF LHX| 24A|ZF vff kgt 24A|ZF HY2FSH LGG T2 UM F4e=
13.72 log CFU/mLE LIEFZ. HiQFMS 4 000 rpm, 5COIA 1582 ZoF &Al2E|5}
0 &S B2 7 HES F=H35t0{ Ao ol

A EF UX|HO|E HlE= ZEFI LX|HO|E Atole| o]z Ast WS
0| &5t0{ M=% LUX0IE 8° T ZHIO|EA FEH T} S5hat
FATIE Soll 2y do F2

o
HIEE M =g

I

O Z=ZHl0|2EHA ZX olo|ZZW& A=
|

ZZHO|REA EZX Olo|AZHE2 o2l A (GA) ot 22l FHCHEH(SPI) S A}
ole] ZotM zH|o|M gHe o|&35t0 M= GA(2.5% (w/v)

2t2k GA 2 SPI 22 ZFFoll 200 rpm, A20M 1
AlZl. GA 89| pHE 6.8, SPI Aol pHE 8.022 FX|st
25l 4°COlAM 24A|12F E ket SP| 2 GA 2
E

al
=
2t
(0]
AN

- AXESHCQ LUEYUAERI(10% (w/v))t ZZ2HO|RQEA =X olo|A2WE &

free cells (9.547 log CFU/mL)S ZtZH 1:1 H|EE2 =&t air let 120C,
outlet 67C Z=Z1ollM B-295 Inert Loop YAMIMZ| (Bichi Switzerland, Flawil,
Switzerland)oll Z&= Buchi B-290 Mini Spray-Dryer& AlSsto{ 25 =%
olo|laE!lEs HAx 2L ZREEE(%) = 83.0 + 2.1%= LIEM.



O ZX|40|E H|E W Olo|mA2YE ZXEES &M
- YXHO|E H|E ¥ oo[AZE AxX 2 0.1 gt A|EE2L LIEE 89 10 mL
£ =8 = 900 rpm2 =2 1A|ZE et AAZ2|st0] Z2HO|LEIAE YEAIZ.
HEE ZZHO|EA A ZMHZ 37CHAM MRS SHMUEfX[of i = ZZ2U
£ S-e. ofgfet &2 A2 MBSt X ESS ALt
EE (%) = {&¥== T ZHIO|QEIA / MIIst T 2HIO|REIA} X 100
- YX|H0|E HIE 3! ojo|IA2YES ERES(%S AT Zot, 2124 86.3 + 1.5, 8.5

1 0.7%2 e

@ o8 SEE /et 2 st o MY
O YX|HO|E HIE & Olo|T 2= & YA EA

- ZZHPO|QEA ZE UX|HOIE HIEE PBSH E& T &2%4=x0| 63, 72CE
1, 22 dxjalsto] YTEMH EFsHPEAES S5 5 4T+S M
(g 11).

- Zz2djo|REA B UX|Y0|E B|Eo| A ohYNg EA3 Al BE 25 %
AlZHoAM ZZ2HO|REIARLCE & YRl o822 =US(p < 0.05)

- Free cells, Z2HIO|QEA ZZ| olo|3 2 s HAx 2L A free cells 4xX &
L= PBS (pH 4)o 24 = &24=0| 40C=Z 0, 18, 24, 36, 48A|Z+, 50C=ZE 0,
1, 2, 3, 5, 10&, 60CZE 0, 1, 2, 328 ¥XA2|st0 HHFEAMH FZF ot & Tl
YHS sl & ddad+E SEH(E 12).

- Z2ujo|EA =¥ ojo|T2Y S| P HHMS EAME AT}, BE 25 I A
2tolAM ZZHIO[RE|AHLCH & YA FoMeE 2US(p < 0.05).

(A _1s (B) s

= - E W PE
E [ PB-Al 5 I PB-AI
w w
3} 3]
8104 * . g1
% | l—\ % * *
15] o Ly
z 5 = 2 5 _|. ' .I
]
g g
0- T T 0- . T
63°C 72°C 63°C 72°C
T8 1. X2 =Hol| ut= Z2HIO(QEIA TE H|E & obdM EA (A) 1£ (B) 28
*) indicates a significant difference by student’ s t-test (p < 0.05). PB, probiotics; PB-AL, probiotics-loaded alginate
bead.
(A) W Froocols OO SPRGA [ Poecels s MD (B) W Froccels OO SPIGA 1 Fram cofls + MO
129 4 _izn
g . A Ba B4 B Ea £ el ol S ;:,5" B 2 a’:‘ "
‘lé!u- B B i o6 = W .
) ob ey [ @
g“ e Een B
a Du E
8= T T T T et L T T T T
L] 1® 24 3% 48 o 1 2 3 5
Time {h) Time (min)
( C) sl W Frss ool == gt 3 Fras cails + MO
g lekE
E“- s A o a
gw- th e
. I I
’ !Tlme{mlnbz ’
T8 12, difal Zol me Zzujo|Ea X olo|IRWE @ oHHN B4

(A) 40°C, (B) 50C, (C) 60C



AC) Different uppercase letters indicate significant differences between survival rate (%) within the same treatment.
@°) Different lowercase letters indicate significant differences between different treatments within the same time by
Duncan’ s multiple range test (p < 0.05). Free cells, Z{&3I5IX| 22 ZZHIO|RE/A; SP|:GA, ZZ2HIO|QEIA ZE|
Ofo|AZ2HE HAZ2Y, Free cells + MD ; free cells ZAZEL.

O 2X|Ho[E HIE

- TZHIO|QEIA EZ UX|0|E HIEE
AE YWEAZlI CIS pH 322 =Fst T 3A|Zt
13) .

- ZZ2H|O|QEIAQ} UX|H|0|E H|=2| pH 30lA{2| 3AIZF T MZES(%)2 Z242H 57.6 + 1.2
71.6 £ 4.%2Z LX|H|O|E H|ES| YEE2 Ezuwlsaﬁzcr ROxo=z =US(p <
0.05).

- D2HIO|QEIA ZZ| Dl0|EHS S PRS0 2AKSI0] lo|T2HS2EE T 2H|0
£ YHEAIZ] Ck2 pH 3, 4, 622 ZTHSH 5 12, 24A|7F HI2A|7 & MAE

2 14).

_

Tl olo|a R &S pH HHAM S B4 7E:'F—P H 3, 40lM 12,
reeEEP olo|a3 =27 &0 7ol %%%f%(p < 0.05).
= free®rC} UPOIELE?JIEOI FelHoz oL

—
ool Rxtol= UUS.

>| |-0|u

Il PB
3 PB-AI

- ,..

- [

-

W,
1
*
*
*

-
o
1

Total viable cells (log CFU/mL)
L2

o
I

Before After
3 13. pH 30l|A] Z2H}O|REA | 2AX|HO|E H|ES| pH SHYAM FA,

=+x) indicates a significant difference by student’ s t-test (p < 0.001), *) indicates a significant difference by
student’ s t-test (p < 0.05). PB, probiotics; PB-AL, probiotics-loaded alginate bead.

(A) (B) (C)

| |
0
g
(]
|
g

Fotal wiabim calie |log CFLVmL|
(" -

Tatal winsds colis o CFILL
Torlal viable cals [log CPLksL]
L "

B ra— . - a

P10 pHAD EHED B 3 BH LB pHAD

O 14, pH =A 2 A[Zto]| 2 ZZHIO|RQEIA E3 Olo|Z 2 &2 pH oM 24,
(A) OAIZE (B) 12A|ZF (C) 24A12t
=+xx) indicates a significant difference by student’ s t-test (p < 0.001). **) indicates a significant difference

by student’ s t-test (p < 0.01). %) indicates a significant difference by student’ s t-test (o < 0.05). Free cells, 7§
E3l5X| 42 ZZHI0|2E/A; SPI:GA, Z2HIO|2EA ZE Dlo|IZYE.

O ZzHO|2EA T 22K 5Y AXYO|E H[E X=

- ZRu0I28A 2T RelRUEM 2§ PAOIS BISE FalRHEHI(PI) 8
o YRHOIE, ZE Afolel o2 HE wHS WPI(11% (w/v) 8
i

M2 pH 72 =X 3 78COAM 302 EX2|5H01 4001|A‘| 24/\|7'L Seb A7l =
ZHIO|2EA FHEMZ HIIe FAPIE Soll 35CoAM ZH|El ofME|OIE HIH(0.5
M, pH 4.6, 0.08% tween 20 H7}) S0l FISI0d 3AIZE SoF H=epA|Z|L L0



E Z%(pH 4.6)0l ZsESH = 24A(7F SoF Batel, FAP|IE S 28 824(0.2
moll Felsto]l 1568 = AStAZ| 0 EX2|st WPI(1% (w/v), pH 2.6) SHol A&
EtSt = 24A1ZF SoF BEatgt. FAPIE Sl Zs W (0.2m) o Fsto] 1582 S¢t
ASHAA HIEE M =7
O CieFst wpl o] &8 Ee2|RHetef I8 AUX[H0|E HIE Hefsty M EAM

- 2Eo|FHchl g X[H0|E H|Z=o| WPIZF o|xl= ¥&E "HIlsk| {5 Fonterra

(WP1895) =27 THH, PRObev 90 22| 7Y 3! Hemier 22| F&ETHES HIISH0] &
N

2| FACHE FE AUX|H0|E HIEES M=E. WIS ZSFHEE H|E=9| Hefs™ EME
n47|.8l-

Fonterra =2l & EHE 11% (w/v
2 H|Eo| HElE LIEIHY 1

—

) 7} Al OMIE|O|E HIH 2%0|M HE = 9F
5A) . PRObev 90 22| SACHH 11% (w/v) &I} Al

M3l0] HIEE MZE & 9US. HIBS W3

/|
DH IX—I E“ 7|'OE:| —é ':n;H:n;Fgu_l' 7"% RS = T HAMET .
X

64A—Ié|.o:i c)|.||:|- x7-|o§ |:|||:E I-|| Isz(jal 15B,

9% (W/V) 7_§||7|- Al —|c>3|_ = S oS
C). Hemier =2|F&HCHE 11% (w/v) &7t Al OlMH|OIE HHI SHUAM A= X|
ofot HIEE XM= 5 gl o= AMYES MASHK] 2AZ.

38 15. WPl /ol we 2[R 3Y YX|HOIE H|=2| FEjSiH Sy,

s
(A) Fonterra 2| A CHE &I} LX|L|0[E H[= (B) PRObev 90 &=2|F& cHl F |
UX[HO|E H|= (C) PRObev 90 22|7&H T pH =8 F J1¥ = 4 4N
@ 22l7dcy 3E LXHO|E H=9 ordM &4
O 2e2|gdch 3E AX[H0|E H|E9 & otHM E4
- 22|wdchl 3Y UX[HO0|E H|EE PBS (pH 2.6)0 24 = &25=0| 66CZ 10
= dx2|sto] 4ToM 25 SoF XEsi U ZHHcR HFIFEAHel EFEeky
i HHE Soff & MadTE Yt 0FAe MATE 7522 YEES LIEH
(8 16A).
- 13 ¢t MZE = Fonterra 22|t MIJb LX|H0[E H|= & PRObev 90 &
2| FAcHl H7L AX[H0[E H|Eo| MEES2 7oA Xfo|7f USZ. 27 Sk [
& % Fonterra =ZZ2IFHCHE HIb UXHO|E HEE FoXH Xto[7F iA=Lt
PRObev 90 =2|F&ETHE HI} LX|HOIE H|E&= 1.5 log CFU/mL HAstRS( 18
16B) .
(A) (B) .
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= 3 D =
= T = m
; 3
3 3 40
! Hamon —a—liccuads
[ PO i Fewlers WFalgraie bosd
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CTR
——y e e
Stiaiage tives 4]

IRIH0IE HIES & oA £,
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T8 16. WPI ERoll w2 22|Rych a3y



(A) x| ®, = 4= (B) €Xal & M7zl WE E&

=xx) indicates a significant difference by student’ s t-test (p < 0.001). *) indicates a S|gn|f|cant difference by

student’ s t-test (p < 0.05). Free cells, Z{&3l5IX| &2 Z2HIO|QEA.

O 22|73ty 3 AXHO0|E H|=2 pH oY =4

- H2|SHCH FE UX|Y0|E H|EZ PBS (pH 2.6)0 E4AF B 4TOM 25 ot
MEstn dFd 7H4o=z @%t—'ir'ﬁt'g?_l EFESHHG O YHS S5 & MFFE
=50 0FRle MO4E 7|ECE MESS LIEM (O™ 17).

- & H|E2| pH HHM2 freed| Hlall SXE=A20], Fonterra 22| FEEHE HI} X
o =

LIO|E H|=, YXUO|E H|=, PRObev 90 wZ|FHCHE MI} LX[HO|E HIE +2=2
LHEHE
120
1M
£ m
i
E
§ wFree cells .
T Pnaneust o i e
i —;—ﬂl‘iultbzn
i od Td tdd
Maraps tirs (2}
a8 17. WPl B0l w2 2a|KHEH Y UXY0|E HIQ| pH oFEA 24

O oM =R 95F a3 uy MY

- HE2l OO/ EZHE Z5F freeol H|al & otHAM  pH O|-7E-IA-Io| =

L- O o

b oabedof w2 obMA Wyl HolE d|msk Zo}
b o

HHoZ no|32YWsS MYE.

O 2uFaLt =& _I_LH'='é> J_L5"|cJ o™ M=

u}
M0l RHHAS. WEM ZRujo|2E A obEY

- HEMAN EAHE THE|22 anti-solvent methodE 0|2 oPO4 HI_’E.% H EFA| EAE S
0.708 g2 100% O[Et=Z 200 mLe} =gtst0o{ 45ColAM 1082 =31t XelE FEst
T SFT 140 mLE HItslof 1A|ZF S¢oF wHksth OCOHH 1A1ZE ot 3| MZAets
£g M5t =X 2 WAHITI(-80TC)ol| East T SZAHATE XA

- 2n| 2Lt =X O FaA O oEE 2 HEAEAHE TE|E22 REAEZE AL
. 742 STl HEKEAHE TE[E22 FE5] 24A A M=sIU 2,
TM2 SR AnREL BUHE F29 EMAA M= motnt g =22
5to] #Z&EH12,500 rpm, 22)AlZl & & 280 75%7F 2 MK =4S FIIZ
HMItstHAM A& EH12,500 rpm, 3&)E Flslod DA THE ofEHS M=
st

ol B THY HHE obyy 24
- owa_l Azl ZF US4 [T oUES A

O
o
02
F°|'
o
ol

et Zi2t7|et, oteteld, FIELHE HIME AN 2
HH(d2a)2 gote(a8 18).
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O TotHi

i
- Foulel £5
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(@]
T
Ho
Pal -|)||
M
o M0

Az Fat
1% "2} | FI27|d oret=d TIsd
0Oh
24 h
O 18. =2 At FFol wE DL F4F o7 of| @M otdAM HIL,

=
OlMAM ZZFIS 95t 7HL35) g MA
Sab As BRI ohE TUHRA WY o HEo| oA
o} o2z % F| =N MY DR HHEY olYHE 244
out, Tt FlEl7lct "ob DURA THY oo ARa|
et AmRa|ct TR TR DAY YR okyy SAS oS AN Hs
st wyo® Fut 12| 1% (w/w) HIHE MEE

02

o |ot Cist e M= 2 SM 24
ofd}t & L aoE[E M=

ot F&= EF LI ulE|E2 7| E4H of2telH Atolel of2 A=
0 M=%t F|ELH Mo FolHlR! FEE2 EMAIZI = WEH1,000 rpm
H BHUS dropwiseZ HOo{ER LIc-OE|E2S M=xg. 7|EAHD o2l
|EAF 0.4, 0.6 mg/mL, of2tel&: 0.25, 0.50, 0.75 mg/mL) 2 M| =gt
ot F&=& =EX LI IE|EE 7|ENMT of2lEl e sEHE Hsol EM42
E5). 7|E4FH 0.6 mg/mL, Of2}ElA 0.25 mg/mLE M 2lst ZE =

X|#=7F 0.3 O|st2 12 X 7| E LIEH.

JEEE-U

U

HI Hr
r> 1
D9l

¥5. 7| =43 ofgtdlAHe| sEof wE LTlE|Z2| A EM
S (mg/mL)  AG (mg/mL) Size (nm) PDI Zeta potential (mV)
0.25 108.3 + 4.3 ¢ 0.279 + 0.017° 48.9 £ 3.3 °
0.4 0.50 117.0 + 2.3 ¢ 0.233 + 0.009 ® 47.5 £ 2.4°
0.75 133.4 + 0.6 ° 0.222 + 0.009 ¢ 49.3 £ 2.3
0.25 120.2 + 1.0 ° 0.383 £ 0.014° 53.8 £ 2.2°
0.6 0.50 136.6 = 2.8 ° 0.288 + 0.033° 47.3 £ 1.5¢
0.75 160.9 + 3.7 @ 0.257 + 0.010 *° 53.1 0.7 %®

HOH H
H oH H H
H OH H H

Mo H
HoH
HoH

Data are expressed as mean = SD. Y Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). CS, chitosan; AG, arabic gum; PDI, polydispersity index.

&g ZEd A=
= Z3 Hr2|xE2 ALY S SHAHES YrstttHE &
of M=zg. IMUUSFIIE ZAL FEl':'iE'J_'—F ZAHE EF Y W 77IE04
£ SYAA Y2 M=xs =, st Fulel FolHY FE= Y2 IS #
UXE dH5H| fleiM =Fuk Me2l7|2 =St
HE2l dHl& 2:1, 6:1, 10:1 (w/w)oll 2} o}

-|>|'
[
Mo
Iy
o I

TOoHIY FE= 28 L2z ES ZAUEE S S AHE2 FFHIER
so| Ed2 ZAMeH(x6). HEH| 6:12 10:10lM ChZLkEX[==7} 0.3 O[5t, M El



Hele| HEigiol 30 mv O|&S LtEHY.

6. ZATE[EHERD EAHSE2 v|80 E L2 ZF9 A £4

PC:CHOL (w/w) Size (nm) PDI Zeta potential (mV)
2:1 163.7 £ 12.9 @ 0.425 + 0.016 ° -56.6 £ 1.9 @
6:1 110.8 £ 1.4° 0.297 + 0.020 ° -65.0 + 2.0°
10:1 102.2 £ 1.4° 0.274 + 0.003 ° -62.9 + 1.4°

Data are expressed as mean = SD. ®P°) Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). PDI, polydispersity index; PC, L-phosphatidylcholine; CHOL,
cholesterol .

O obud BRI 9l3k clebet Hyte =8
- Polulel EE 0l IR, RIIM, G2 HIIE CIERE NERd o 3ol SAl
HEIS 0.1% (w/v) A7I5t0f MEE RIS AlE2A U A2 0.08% (w/v)
Holstol Mxe oo ZeAEoA 9 AH[B[0FS 0.5% (w/v) HItstol MxEt

O HrIoEl g ¥ Le|ZE ZREE 24
- LeOoiE 2 2 L2 EE BN 82 ofMELEZEZ ALSSt] &S Sdlst
= 17,000 rpm, 4COlM 102 =S¢t FMEL T, ol ASHZ F oo & Z2|H
= 22 e ot &2 A2 AIESto] RSS2 AHLE.
EE (%) = {(total amount of polyphenol - free amunt of polyphenol) / total amount of polyphenol}

- LhemEl2 9 LhrelEEe| ZHES(%)S BAS 2, 242z 72.4 £ 1.2, 52.2
H

X 100

+ 0.9%2 Lt ulE|Z0| Lixz|ZFo
0.05).

AN

s weldez o A HEER(Q

@ orEM BRI 9B HM Yo Yy M

- Free, '—LLI:J*FElg, Lie2|z2E 3 CtER, 716 © #IbF FE2=S 90CoA 24
S =1
o

o o |
AlZh Seb Exf2lsto] Fotute! FE=2 Jlsd =2l & Edlds 2ES I

A5t OA|7F°| =HHS 7|"9§ HEEE LEHE(OE

= =U2(p < 0.05).
Mol F&E=9 & EZ2lH = HEE2 freed Hlol FoAXH2E

ChEER, R4,

=*S(p < 0.05)

£ (B)  E_

E 120 £

g a LE . 3 & a 2

] c B0 2

g 90 = £ b

£ b H

= 60

_g 60 .2 3

5 2%

e ;

E o : ; @ ] - £ e

g GLE GLE-NP GLE-NL & & ¥ & F & @" e
o

a8 19, EAalo| e (A) LieoE S, LHeE|EFe & E2lH=s TEE (B)

CiER, 7718, & &7t F&E=2 & Z2lH = THES

@°) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p < 0.05).

GLE,

guava leaf extract; GLE-NP, guava leaf extract-loaded nanoparticle; GLE-NL, guava leaf extract-loaded

nanol iposome; XG, xanthan gum; HMP, high methoxyl pectin; CA, citric acid; GA, gallic acid
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Hlwsh 21t '—PiEFEIEOI °—’F.3:.F CheE, LIS s A . T-otHt!
=2 HgHo| STl=0f ofx A2 TS| pZ

Yot ZotE

=
e

(5) ®g& Aloldw(H, 22, &, & H)
@ Bz S st F4Xe2 A EM 24
O &axz M8 4oldw M= & SMHEI}

- WES 7|l ol2of & XMe2lE St MIE Aol 7o sk WHEE ZHUtE
B, 22|, &, 2 MY ™Il cellulase 2 xylanaseES sE9 1, 5, 10%
(w/w)2 Hez|g. cellulase XMele A=E M3l acetate HHHE 1:3 (w/v) H|
22 HIlet = cellulasegE T8 Z HIt = WISt 2= otof|AM 2A|ZH
HHEAIL . =2 YA E2Is = StEUS Fstd Ad=xg. Xylanase A2l= A
=0 SFTE 1:3 (w/v) HIEZ HIISH ¥ xylanaseE sTH=Z HIIgt.

- HYEAMHE2 AOMFe T|IsdER B AT SHH2S EL-FTYHE Soll =
Mgt & Ao|ldw a2 Aol Rel MES-Tris HHIHE =& ¥ heat-stable a-
amylase®t HBFSAIZI & amyloglucosidaseE H7tstol =z = &= 3=
HY¥st0] & A0|M7F HHF2 =284, T34 Ao|Md7F =H ez MEF.

- RE 5aX2 dFE Ao|MdFe T4 Ao|dw BH2 52 XNElsHK g2 d
=3 Mo|MRECH =*S(2™ 20). £, xylanase ME|7} cellulase X2lofl H]
l & Alo|M7F ol %S

(A) o oo —sren (B) —

Il il |\| \||| il

;o 1. a5

o

* 5 5'|;! §-:-’_: %«:*{i %ﬁ*’:f * g i

2 20. E4FF ¥ ko uE M3E Ao|MF & Ao|dF F.
(A) cellulase X 2| (B) xylanase X2l
IDF, isoluble dietary fiber; SDF, soluble dietary fiber.
@ 7|=sd ¥R UAE X EBM lab scale €It

O &ax2| Mg Aol wel AE HE

- ofH|AE S S35l 10% xylanse B4R E EEI AO|MFE MAEE LIE OiAEYE 1, 2,
3% (w/w)2 AHEX| Ao|3of M7Ist & Z2(dzs &F ¥ st #4842 EMe (a8
21) .

- SZAxs Hol3 AlR= HEST 2A1ZF St BESA|Z|DD 8,000xgoll M 152 &
AEe = ASHUZ ofntet.

- & EZ|H= 2 Aol AZRet 7% ERIIEF F 0.2V ZEE-AQZF WS A2
ol M 1587t BI3AIZI = —E—%%F_'.:_ﬁl(Biomate 3S, Thermo Scientific)& 0[&3t0{ 765
nm FEOM SHEE SHE. ZMeZE xF ZMS Y5t & Eeld s 32 v

ERLHRAS.

- DPPH 2ir|Zh 27gd2 70|13 A|Z2t 0.2 nM DPPH 84S 2gtetl wih =
20)|A 2027+ HI25l0] ELTEAHE 0|30F01 517 nn mHEMOIA EBREE =
. ABTS 2iC|ZE AHEM2 7 M ABTSR2E 2.45 mM DML ES 111 HEZ =
stof M =FF ABTS 81t #Hol3 ARE é?ﬁm Ab2olM 15 22t #8310
LYTAE 0|85L0{ 734 nn EWOIM EZTES STE. DPPH X ABTS 2iC|Z
A2 EESARE EF JSMS 2HMdsto] eitst g4 LIEAZ



Total phenolics
{mg GAESg samgphy)

g 21. 2| 22 Aolydw H7t HIEE AHol32 & Z2lH =

gaM2| 22| Ao[dw AHol3e & Z2H|
=z & 22| Ao[d7 AHo|AECH 72
of Z7ietoll a2l =2t F2Xz2| SHA|
Moz FI6IS(p < 0.05).

= 2H2S 1%E HMele 2E H[S0A
o2 e, gus gd2 EHJdIE
22 Ha| Aol #Ho[3ol vls| 7

RBDF — (C) ; — NBOF

L— NBOF

b
P o4 b °
[} ¢ ~H z
0.10 | :
i
005 | |
0.00 -

Contral 1% 2% 3% 1% 2% 39 Control 1% 2% 3% 1% 2% 3% Contral 1% 2%

{mmel Troloxg sample)
g - [
(=3 L] i=1
[1]
n
o

DPPH radical scavenging aclivity
(mmal Trokex'y sample)
o
I3
o
o

ABTS radical scavenging activity

e
o

SFAM
(A) & BalH's 82 (B) DPPH BiTIZ 271 B (C) ABTS 2iCIZ &4 &4

ad) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05).

Control, sponge cake without native barely dietary fiber; NBDF, sponge cake with native barely dietary fiber;
XBDF, sponge cake with xylanase treated-barely dietary fiber.

3) 7154 fmel YuE Mg 7 7| 25

(1) =282 F5E

® MEE Wast wyo| NEzA(USEH, 7|7|=H §) 24
O Z=22xo we Lia|ZE M=

| AH S, HIEIAEXAEE

Z2ZEEA FEE 2 HEElZE2 AHE SR(E

“ote|Atzs) et | ESe1E 2 ofFol| w2l s H=E==x 7._% =23t M=
b = g0 SR 37|, chEdKls, HERS], xXg8)S 242 =),

PE-BC2t PE-GC7F PE-CCOll H|slf Z7|7F welMe= I HEHR(p < 0.05). AHE
o ZF/ot HAGL0l ChE&X[=T7}F 0.3 ol5t, MEMM eS| HEigiol 30 mv Ol4, =
HEE2 o0k ol&t2 LiEHd . 7IE22|0nE FE = A 37|, MHENY], 2/=E
20| RoMez FII6Ion ChEdX|sE RolXoR 4T (p<0.05).

H7. AHE 3% 2 7|£820% 20| ©E L ZEe YRt 54

Formulation ) Zeta potential Entrapment
Size (nm) PDI o

s (mVv) efficiency (%)

PE-C 110.2 £ 2.0° 0.226 + 0.013@ -57.9 + 4.3° 92.79 £ 0.07 ™
PE-B 107.2 £ 2.0° 0.261 + 0.031 2 -58.8 + 8.8° 92.96 + 0.33°
PE-G 106.8 + 2.4° 0.270 £ 0.008 ° -54.6 + 2.7° 9220 + 0.58 °
PE-CC 149.7 + 6.3° 0.151 £ 0.018° 40.9 £ 0.7 2 93.72 + 0.38 ®
PE-BC 160.5 £ 3.5% 0.153 + 0.043° 39.5 + 0.6 ° 93.72 + 0.25 @
PE-GC 160.9 + 6.3 0.162 £ 0.010° 41.3 + 1.9 2 93.68 + 0.07 @

Data are expressed as mean + SD. ®°) Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). PDI, polydispersity index; PE, propolis extract; PE-C, PE-loaded
cholesterol incorporated uncoated |iposome; PE-B, PE-loaded PB-sitosterol incorporated uncoated |iposome;
PE-G, PE-loaded y-oryzanol incorporated uncoated |iposome; COS, chitooligosaccharides; PE-CC, PE-loaded
cholesterol incorporated COS-coated |iposome; PE-BC, PE-loaded B-sitosterol incorporated COS-coated |iposome;
PE-GC, PE-loaded y-oryzanol incorporated COS-coated | iposome.

O mds=Z0 e tix2|ZE "eljsty 4 &4
- He2|ZES 2% (w/w) AHARIMOZ HAM & S ALE0[ZE (JEM 2100F, JEOL,
.l

Al 540
Tokyo, Japan) SE35t0{ iXto| HEfSIE SMS 2B 22). AHES E79



Aol tjnele PHo= Ues Jls22ng 2E $ 9X 37| EI)

72- |

a7 2. AHE 5% ¥ JE820Y ol OfE LpralEEel ety =4
(A) PE-C (B) PE-B (C) PE-G (D) PE-CC (E) PE-BC (F) PE-GC

PE, propolis extract; PE-C, PE-loaded cholesterol incorporated uncoated |iposome; PE-B, PE-loaded B-sitosterol
incorporated uncoated |iposome; PE-G, PE-loaded y-oryzanol incorporated uncoated |iposome; COS,
chitool igosaccharides; PE-CC, PE-loaded cholesterol incorporated C0S-coated |iposome; PE-BC, PE-loaded B
-sitosterol incorporated COS-coated |iposome; PE-GC, PE-loaded y-oryzanol incorporated COS-coated |iposome.

O mE=dd e Le2ZE Sl &4
- 2HE &7 ¥ 7|ES21Y IO E Le2xES SHEE T SEtE0lE

O

- 2HE 57 ¥ 7IES20Y 2EO wE HxE|lx2E

—_— = =<
stakg =™sto] 2A4si (a8 23).
DE 2ZEo BT = freeol HIGH RelMoz SAEUS(p < 0.05). 7| ESE]
1ok 38 M 8sl == PE-G, PE-C, PE-B =22 LIElgen 7| ESe|01E FE =
il FoMoz ZASIUS(p < 0.05).

_ 120

2

3 a2

2 % T

£ £

§ 601 - = 39

E

i

[
g o

Free PE PE-C PE-B PE-G PE-CC PE-BC PE-GC

a2 23. AHE E% ¥ 7IE221Y 3gol oE LiralEEe ST 24,
@®) Values followed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05). PE, propolis extract; PE-C, PE-loaded cholesterol incorporated uncoated |iposome; PE-B, PE-loaded B
-sitosterol incorporated uncoated |iposome; PE-G, PE-loaded y-oryzanol incorporated uncoated Iiposome; COS,

chitool igosacchar ides; PE-CC, PE-loaded cholesterol incorporated COS-coated |iposome; PE-BC, PE-loaded B
-sitosterol incorporated COS-coated |iposome; PE-GC, PE-loaded y-oryzanol incorporated COS-coated |iposome.

T=ET HE LLAZE R B £y
S 4, 30, 45ColM 65 ot
Masiol 2Fe 7oz gg- FE20 J|5NHE0 & Z2EL0E B
=]

2|2 2
2 Y =45t 1 ghE SZAof fstod BRT(t,), BESeT(hE =4

(E8).
- 2E 2[xFe MEetdd2 freeol vloh ST=AUSZ. 7IESE| 1S 2E T L
2lE&e| MEety A PE-G, PE-C, PE-B =00, 7|E22/nY 3Y F MEory



40| ZZl=[0f PE-GC, PE-CC, PE-BC =2 & LIEL.

#8. d=Ho E N oHHH 24

Formulations T (TC) k (day™) t1,2 (day) R?
4 0.0152 45.60 0.9559
Free PE 30 0.0282 24.58 0.9350
45 0.0379 18.29 0.9551
4 0.0063 110.02 0.9769
PE-C 30 0.0076 91.20 0.9570
45 0.0114 60.80 0.9727
4 0.0066 105.02 0.9566
PE-B 30 0.0079 87.74 0.9114
45 0.0118 58.74 0.9187
4 0.0051 135.91 0.9199
PE-G 30 0.0073 94.95 0.9006
45 0.0116 59.75 0.9514
4 0.0045 154.03 0.9869
PE-CC 30 0.0071 97.63 0.9695
45 0.0083 83.51 0.9827
4 0.0060 115.52 0.9568
PE-BC 30 0.0072 96.27 0.9387
45 0.0089 77.88 0.9747
4 0.0044 157.53 0.9369
PE-GC 30 0.0069 100.46 0.9981
45 0.0081 85.57 0.9227

PE, propolis extract; PE-C, PE-loaded cholesterol incorporated uncoated |iposome; PE-B, PE-loaded B -sitosterol
incorporated uncoated |iposome; PE-G, PE-loaded y-oryzanol incorporated uncoated |iposome; COS,
chitool igosaccharides; PE-CC, PE-loaded cholesterol incorporated COS-coated |iposome; PE-BC, PE-loaded B
-sitosterol incorporated COS-coated |iposome; PE-GC, PE-loaded y-oryzanol incorporated COS-coated |iposome.

O =X e L2 ZE o oM BN

- 2HE S/ { 7IES2nY ZEO| wE H2|ZEFES 90T 2, 4, 6, 12A[ZF
Sseh dHelst & Z2EEA FEE2 F2 Y4 EMFRP—E é’é%(l% 24) .
- Z2EEA FEE2 ¥Xe| 2412 =, PE-C, PE-B, PE-CC= LXZ| 4AlZH & F

7 LtEFG20{ (p < 0.05) PE-BC, PE-G, PE-GC&= w2l& el ZA

olxol B4 227
Ls

[
7t LIEFLEX] pERbE.

# 100

& e ; L & |l-l.

§ 8 " e

g e — =

Pay Te— WS "

£ o —fde

3

a T4

k] » Frua FE

T = PE-C -« PELC

:E 8 o PEB .« PEBC

a ® FE-G '« PE-GC

o

[= R 1e] T T ¥ v T T T
o 2 4 7} i 10 12

Heal reatment tme (k)

T 24, AEIE BF % JlE22/nY agol mE LielzEel E okdM 24,
@e) values fol lowed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05). PE, propolis extract; PE-C, PE-loaded cholesterol incorporated uncoated |iposome; PE-B, PE-loaded B
-sitosterol incorporated uncoated |iposome; PE-G, PE-loaded y-oryzanol incorporated uncoated Iiposome; COS,

chitool igosacchar ides; PE-CC, PE-loaded cholesterol incorporated COS-coated |iposome; PE-BC, PE-loaded B
-sitosterol incorporated COS-coated |iposome; PE-GC, PE-loaded y-oryzanol incorporated COS-coated |iposome.

@ Y= Alo|=0f| mE Bz H AHHM EM
O #& AMo|=of e Hr2|ZE M=
- doiRE|Xks olg R JIESEnY =HE EI E(PE-GC) ol ==ut X2| A[ZHO0
30, 240%)2 =25t fs Ato[=ol| wE Az SH(UA T7|, chEdX]=, HEt



O #= Ao|=of| iE HrE|ZFE Sl H &

0@

H#9. Z& Afo|=of mE PE-GC2| LA S

Formulations Size (nm) PDI Zeta potential (mV)
PE-GC-0 555.3 + 5.7 ° 0.395 + 0.035 @ 3.6 £1.0°
PE-GC-30 190.0 + 1.5° 0.187 £+ 0.007 ° 38.2 + 0.4°
PE-GC-240 160.9 + 6.3 ° 0.162 + 0.010 ° 41.3 £ 1.9°

Data are expressed as mean £ SD. ®°) Values followed by the different letters are significantly different by
Duncan’ s multiple range test (p < 0.05). PDI, polydispersity index; PE, propolis extract; COS,
chitool igosacchar ides; PE-GC, PE-loaded y-oryzanol incorporated COS-coated |iposome.

(o]
W Al Zo| W2 Lol BsIT U oFEAS BME(IZ 25). ¥ oM Lie|EES
QCOIA BAIZF Sot Wxal ¥ TREolA F£EBC F2 BN BAESS Liekjol £
Mg
Aol =7} Zagtol mal 8=t RelEoz F7KE (p < 0.05). WE Alo|=e}
BAglol BE URfoIM HHElol TE FHQl B M LIEIN g,

(A) (B)

= £ 100
= = Qoh @Eh
5 E I S | =
¥en 3 :g.u.
z .
= 5 2
g™ £ %
3 :
5 2] & oo
= o 3
£ =
= S
E. & solld :
N o B s @
& & 7 "X A
. g

J8 25. #E Alo|=of mE (A) Bsi= % (B) & &M EAM.
=D yalues followed by the different letters are significantly different by Duncan’ s multiple range test (p <
0.05). ") indicates a significant difference by student’ s t-test (p < 0.05). PE, propolis extract; PE-GC, PE-loaded
y -oryzanol incorporated COS-coated |iposome.

Bl A ot do| SdistE HH g M==d &

HSEHEAHS S8 L2l ZES A ME=xA &

- B A @ kg FTo| HolLh PE-GC MZExZQ| A X EE fI5I0d HSEHE
ME 0|85t0] A M= =g M

- 220 M2l Ak FIESE| Y sEE SEHs, Sdizet E otddg S5
T2 HE5tn SoedAEYo et deEs A (E10). & ekEd2 90Tl
6AIZ Set FXe| F ZREEA FEEO Fo gdol FMass FTS =
M5t
- A -

- SR sFE2 ou|deE HEL2R =30 X2 AZH0~4E), FIESENE &
£(0.4~1.2 mg/mL) 2 M et



Run Conditions Solubility Thermal stability

No Xi X2 (mg QUE/g) (%)
1 1 0.6 38.35 85.81
2 1 1.0 54.05 95.07
3 3 0.6 43.50 89.11
4 3 1.0 56.55 95.36
5 2 0.8 43.42 93.35
6 2 0.8 46.00 94.81
7 2 0.4 37.63 59.25
8 2 1.2 57.03 96.72
9 0 0.8 42 .54 93.34
10 4 0.8 56.95 94.62

Xi: Z20t M| AIZHE), X! 7|E22|2% 5= (mg/mL)

- 2= MM RP= 0.9 O|AF, p-valueZt 0.05 O|st2 Z2E XMEMo| QAXME(E

1).
1. =84 M2l AR 7 |ES22|0E 550 w2 PEGCe| S5l R &€ oM o 2Hl
HIAAl
oo 1
Responses Predicted mode!l equation R® p-value
Solubility ) )
Y = 25.024+1.09X1+12.88Xo+1.15X17-3.32X1Xo+13. 70X, 0.9440 0.01
(mg QUE/g)
Thermal ) )
o Y = -8.71+3.99X:+209.89X,-0.12X;°=3.76X1X>-102.93X," 0.9236 0.02
stability (%)

Xit Z2T M2l AlZHE), X ZIES2| 1Y s=(mg/mL)

,a\\

3
3

(%)

Thermal stability

8 26. =31k 2| AlZtnt 7
( I o]

PE-GC2| HE,
IS EHEMY 20 233 Hel A2k 7| E221Y S5t EUIE4E SdiE
b @ kMol Zuksks ZEe BY(1H 26). SHEY ¥ oMM HU= 3
Z

=2t2 242t 63.28 mg QUE/get
.19 mg QUE/g, 94.83 + 0.72%= LIEIL} of Zgt

95.27%, MEFat= 242 63.15
T Aol REEe steld



COS concentration (mg/mL)

00 05 10 15 20 25 30 35 40
Sonication treatment time (min)
a8 27. =20 el Alzint 7| EgenE =
PE-GC2| Bl ¥ & oty Mof st SDME.

=l Yeet Yol ==A(m=s=2, 7|17|=d §) =4
|

ree cells (9.547 log CFU/mL) 500, 800 mLE GA % SPI =g 4 1000 mLet 2t
2+t S3tsto] Qe e uhHoz olo|3 2L 2 M =F.

—

- Opo|aE!lES =EZXEES(%)S free cells 800 mL =8 olo|aA=YE
(PB-SPI/GA(1.6:2))0| free cells 500 mL =¢ olo|a 2745 (PB-SPI/GA(1:2)) 2 Ct
FelMoz AA LIEFE(p < 0.05) (18 28).

g - S
.

En:apm|arjan efficiency (%)
=
=

)
(=]

PB-SPI/GA[1:2) PB-SPIYGA[1.6:2)
Og 28. IOEE F n5=2 dH|20f W olo|ARH 52| EXESE.
*) indicates a significant difference by student’ s t-test (p < 0.05). PB, Z2H}0|2EA .

@ ZHRS0| IR 2N W& NMExA =Y

O UWSEHEMHS S8t ojo|32W s Y He HEzH =
- ME 2 o oA B0l Hojot Zeslo|2ElA ®H ojo|I2WE MzxC
M312 9I510] YIS EHEAS 0|83l0] HM A= xS EAE

- BRI T (SP) L ol2lU(G) SIS SUMS, THESS SLUSE MY

=]

St Saletd A2 Hol w2t A2 dAE(E12).
5
—

S = 1
- EElHS 2 ofd|Ag S HIE S Z Pl ==(0-5% (w/v), GA ==(0.53.5% (w/v)) 2
MHEH

HF12. T 2H|o|QEIA ZZ opo|azylse ZRES



Run Conditions Encapsulation

No. X4 Xo efficiency (%)
1 1.25 1.5 97.59
2 1.25 3 81.17
3 3.75 1.5 86.65
4 3.75 3.0 98.22
5 2.5 2.5 89.40
6 2.5 2.5 88.24
7 2.5 0.5 0.00
8 2.5 3.5 86.46
9 0 2.5 90.52
10 5 2.5 87.38

Xi: SPl SZ(0-5%(w/v)), X: GA &=(0.5-3.5%(w/v)
2E MEFoAM RE 0.8 0|4 p-valueZt 0.05 O|5t2 ZE HFHAMO|
X

H13. Pl & GA sTof U= ZTZH|0|EIA oo|a2Y&e ZXEE oE 2H
th
Responses Predicted mode!l equation R? p-value

Encapsulation ) )
o Y = -20.105-5.24X1+103.47X>-1.26X1=4.67X1X2-23.33X," 0.8550 <0.0001
efficiency (%)

Xi1 SPI SE(0-5%(w/v)), X' GA S=(0.5-3.5%(w/v)

EE ("%}

s

(A) 1 (8)

EE (%)
s
s

4

SR (%, wiv)

a8 29. SPI 2 GA sTof 2 T Z2H|o|RQEIA X Dlo|3 =& ZTREE.
iE 2 (B

—
(A) Hg EBE o

- HISEHEMY Hop SPIe} GA2| H|SO mEr ’éﬁ% | xto|= LIEHH (22 20A).
HE82 2z sk= & SPI & GA sT= 242 3.2% (w/v), 2.6% (w/V) 2 MxEI(:L

2 29B).

- OIXFEP°M'01| tHeistol =&et XX E2| HFg2 44 100%, &F42 100.52
+ 0.46%2 LIEF of Zgtnt A &Fgtol Fatete =eld

(3) 2
© 4BE Hast weel NEEA(UREY, J7EU 5) B4
O & STol o2 DURA Y o HH A=

A0 2Lt ZR TEA DFHE oHE 2 REtAQl HEA EAHE TlE| 29
E(1.0-3.5% (w/w))oll w2} W&o MH==x=4E2 2|5t M=g. |Fsd s=

g o



oo Hefsty SN2 A
- ATl EF DR D7 oUNS BE SDolA orME A2 HMN A
S ol 30).
- WEMIEAHE TE|ISo STt B7IESS WMol £t Bl o, s
UM S XA AT AL AN AT (2Y 31)

1% | 15% 2% 5% 3% 5%
IE[E SEol ohE oA M=,

J% 31. HENEAHE TiE| & SsTol e oA deisty EM 24
(A) 1.0% (B) 1.5% (C) 2.0% (D) 2.5% (E) 3.0% (F) 3.5%

O &t skol wg D F4 Zj7HY ofd™ X S F4

- JUYEA IAHY oHEe X EMES HEMEAHE TiE|22| 55 H HAM 37|t =
Hass M E 14).

- WX F7|= sn|dE 085101 408 HISZ EATH T Image =ZES)
Institute of Health, Bethesda, MD, USA)2 2 20074 O|Ate| MXMo| L{H|E ZX 5}
0 MM X|FS Hitet.

-xiasE2 3 952 ¥
of LIEtH . & HEL o
olM stF S¢f
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1%
-

2 g2k (um/mL) = 7.12 X E(660 nm) + 1.68 X E(642 nm)
E(660 nm): OD 660 nm, E(642 nm): OD 642 nm

EE (%) = {(initial spirulina concentration - unencapsulated spirulina concentration) /
initial spirulina concentration)} X 100

-



HEM EAHIE oE[22| STVt S7IESF ol X J7|7t Reldez AxgHp <

-1 [==]
0.05).
- f AMUAMS Sof ZES DUFY DAY olTETe| ZHEE(%) 2 2F 90% 0lHo[t

H14. HENEAHE TIE[E sTol g DU F4 7P of"@E2| A 4

o

Beta-sitosterol

) Diameter (um) Entrapment efficiency (%)

particle (w/v %)

1.0 13.9 £ 7.2 105.1 £ 1.1°

1.5 1.7 £ 3.6 97.5 + 1.7

2.0 10.0 £ 2.0 100.6 + 3.3 ®

2.5 7.8 £ 0.7 93.1 £ 2.0°

3.0 6.3 £ 0.8 95.1 £ 1.5°%

3.5 3.6 £ 1.0 107.4 £ 0.8 °

Data are expressed as mean + SD. ®°) Values followed by the different letters are significantly
different by Duncan’ s multiple range test (p < 0.05).

O ®aixl SEol me TRy 7Y oA o otEy 24

- 7EM sE 8 DU R wAHE oHHES 80TCoAM 60, 120 SoF HX2[5H0d
2 Fe|Lte VsdEel & H9EL 2EES g M5t oAlzke EEE VIER

2 HES(%) 2 LEHH (O 32).

- 2E oEXe & 0%“38 freeol H|s SI7t6IRUS. ZE LEXe| AlZHolAM HERA|
EAHE oEZe sk7F S7HEsE 0 =2 5 9 o HESS LIEHS
04, 3-3.5% ™7} Al °E='x13| ANZF B &= HEA o2 RAEg0| SO Xl ZAT} L}
EfLIX| o+t

LS AL O -

I e
SFree O1.5% 020% 025% 030% 03 5%

A A A & A A A
100 I T o,

Retention rate (54

] &0 120

Heating time [min])
a8 32. dxe| AlZiof mE HEKEAHE TIIE[E st & JUFA IHY oHEe
% =4 3y =g
AC) Different uppercase letters indicate significant differences by heating time (min) within the same amount of
beta-sitosterol particle by Duncan’ s multiple range test (p < 0.05). *°) Different lowercase letters indicate

significant differences by different amount of beta-sitosterol particle within the same heating time by Duncan’ s
multiple range test (p < 0.05).

@ ety ol SHataEl =HAH HYg Hz==x=d &E
O HSEHEMHS St DHFA 7P oYXl 25X Mx=xH =z
- o otdd B0l Holt HEMEAHE MEZ Z Fto el ol8 UL ek b
HEY oA Mz==o| =|M=tE 2510 BF3EHEA S 0[50 =X M= =12
=42
- HEAEAEE TEIE skt 7ta7ler|dHe] s& S, € addE 55
M2 A5t SAedAE™o w2t S dA(ZE15). € oEd2 80T



M 1202 Sot dxial $ AmTalLle] JSNEel & PS4 BUES Y 2AM
T oAz BEE V|EoR BES(W)S SHsl 243

- =S F2 odAYES HIE oz HEREAHEZE TDEZE SZ(1.53.5 %
Feb7|et 5 =(0.4-1.2 % (w/w)) 2 AN S

M

15, SASEAY 2 DU THY ofUFe ¥ obyA

Run Conditions .
o X, Yo Retention rate (%)
1 2 0.6 92.87

2 2 1.0 84 .57

3 3 0.6 79.89

4 3 1.0 90.10

5 2.5 0.8 95.58

6 2.5 0.8 91.54

7 2.5 0.4 85.19

8 2.5 1.2 99.61

9 1.5 0.8 29.33

10 3.5 0.8 79.89

X HIEMEAEIE THEIZ 552(1.5-3.5%(w/v)), X! Ztat Ft2P | S=(0.4-1.2%(w/v))

- B E AlSZoA RP= 0.8 O|A, p-valueZt 0.05 O|5tE2 2E XM 0|
IME (3E13).

F16. S5t 2 ASK SEof oE Ay =E DR 5
olHEe o ohHA ofE 2H A

Responses Predicted model equation R p-value

Retention

te (%) Y = 91.18 - 4.39X; + 5.12X, - 7.76X42 + 18.50%X:X» + 0.0303X,> 0.8024 <0.05
rate (%

HEM EAHE THEE S5=(1.5-3.5%(w/v)), X! ZHat FtEP | S=(0.4-1.2%(w/v))

(A) (B)

Ramariadti f@ta

w-Larragomran (%)

X BSp (%, wiw)
' K-Camageenan { %, whw)

a3 29. HEA EAHE IE|Z(BSp) H Frit Fr2b2|=H( k -Carrageenan) S=0ll
e AuRaut 22X oA DY o|HEe| H oM,
(A) B2 EHE 3 (B) SIAME

- S SEHEEMY Z1, HEAEAHE TE S22 o b e sk wet & €5
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W F23s7|2 (<320}

7h. 7|8 ¥R I & 5
1) I 7154 R AT &

- 201990l = 7|2, VM, o=/ M M J[s T el Z7[s4Ho| Eof o=

;

H

W HZ7sME AT sl tisto] AlY 2, 2 & EHof A% Fo|, Ul

tol =ul Z[sd =0l gt AlEE Thef 3% S.2020

OfZEH2 3x 3,264 A= MA ofd]| 12.7%7F S7tst

2 Al2tsSo| dZol et 2 E7F SIKSHHAM 47|

of MF 7t thEat=|HAM Ul b= =3HA AEO
o

Io
ot >
ol

oo 2 1> K

D”\; 30 on o 30 M
I

or

>

U O

%o =
HF80| 26.4%(5,98821 2/)0|Uon 292/= T ZHIO|RQEIA(3,1682] 2l), H|E}DI
2|2, EPAR} DHA &% ®X =22 201941 SASHH Tof =2 7|25
LI, 7|sMol thst of &0l M= 2019 2F 2020401 CHE FAto| HOIX| DU,

Aol FASLE, 20200 HA Y5 i, SHT[SIHM, (A JHM, ket

o2 Halstn /UF.

H 1. HZV|S4E 7Is4dd f&F0| (cHeled &%)
JleA e 20194 20204
HHEAH(AH) H| £ (%) H&EA (A 2l) H| -2 (%)
A 88,308 100 93,800 100
HY J[s M 11,319 12.8 12,509 13.3
gd M 11,925 13.5 12,363 13.2
7l M 12,667 14.3 12,126 12.9
&bt 11,230 12.7 11,585 12.4
oz J|M 11,779 13.3 11,569 12.3
Add7| oM HZY 10,780 12.2 11,002 1.7
A, 6,948 7.9 7,950 8.5
= L 1,760 2.0 2,540 2.7
83 SMXY M 1,298 1.5 1,631 1.7
& X8 24 1,232 1.4 1,482 1.6
&g Hz 1,04 1.2 1,418 1.5
rdgara) 1,457 1.6 1,288 1.4
a8 5 &M 463 0.5 1,100 1.2

=X 1 M EtE A
T ALV|SAES FH £ 2020 7[ELZ 999 11,2130 HEZE M
Hls 15.9%7F S7t5I 20 =2 ol=0| MA 50.9%E XX -

: sigim 1
ik, S, A= on SelsE HYIISAE ES2 SaYess, Tl
CElA, Yok - B3 JISM HME, EPA L DHA BR RAl, EHF w02 LetD
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ZIM'=AlO| =2 Rg1Z} Ro12| &

ZIM = AlO| =2 RglZ} Rb12| &
AZAM 25mg

HZAM 3~80mg
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2.5~30g( XA+ 2IZ = 2.3~44q)
@ ZgAHES WM - b &gt &t
=S = = O=o =
CHE Alo| MR E2AM 20~60g
of =22 =4 s o
Aol R AlolMR
AlE HCALS dHo| 222 & %
e - = CHE Alo|ARE2AM 10~60g
AA O
24T Ao I AHE MM - AS Hoiars
=TT = = Al = =3 = = (i) =T == N~<) o AA Al Mo A
= —|O|1:|'IT o 7o cos = 5'\_ ?A% —|TT74 —|O||:1'ITE-I 109
HE S 2AHE VM, AT EE2AS o|s2/XHZFEE AMOMF
ol=2l /x5 2] AHol =FS E T AUS 2M 7.2~20g
— A|O|A‘IO - - = = = o
252 e ols2l/xFHeIFE 20 RE
i es e =82 & F US A
6.4~20g
dF ZeaHE MM =22 & = XXt Alo|MREZA 5.5g O]
%A KL Al Q| Ad ol Al
ﬂ_Fjﬁmm Aojd e US 01 _—
AFA KL (0] S 2 A (0]
" HHEE s T22 5 4 S ft“ Hi Slold R EM 3.9 o
] TREAY - "AY - HAY B T ]
dzol 2 == Scioha| g22 24| 100~420mg
22 E F US
_ ) 8435 ZHAHE MMl 2822 & &
=2 5z muzak o T = TEEE T 5 muz@ ke 4-8ng
M=
oS = —?—E-IﬁEE 7 A|_-|0{ e = 2
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Aoz LIED S,

—
—

3. A MA ESH AMEAR

T= 2016 2017 2018 2019
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Vitamin, Minerals
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o & 31,056 33,184 35,153 36,941
Herbs, Botanicals
MEE 6.3% 6.8% 5.9% 5.1%
Sprots Nutrtion, Meal replacements, o= 42 058 44 599 47 628 50.730
Homeopathic Supplements,
NYE 6.4% 6.0% 6.8% 6.5%
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2 2zt ZF 200mg/kg, 100mg/kg, 50mg/kg, 25mg/kg, 10mg/kgol = E=Z= o|= 4t
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Stop time 40min Flow Rate 1 mL/min
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=2| &gts AHLtstot
WY ahak - axbxp
MNEdE &F(meg/g) = CX S
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