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{ SUMMARY )

| AEWE | D-02

Purpose&

Contents

O

O

Objective: Commercial commercialization of nano food manufacturing
technology and product development.

Contents of the study:

— Optimization of Pilot scale nano material manufacturing process.

- Application and commercialization of the developed nano food technology
(peptide liposome, turmeric extract nano—-emulsion) to field.

- Safety and functional investigation of nano foods for industrialized food
products.

- Develope commercially available nano food technology.

Results

O

O

Optimal manufacturing process and physicochemical characterization of pilot
scale collagen peptide liposome.

Optimal manufacturing condition and characterization of pilot scales of yuja
beverage with collagen peptide liposome.

Analysis of physicochemical properties and antioxidant activity of peptide and
liposome added pork patties.

Optimization of manufacturing process of pilot nanoemulsion of turmeric
extract as pilot sacle.

Stability  evaluation and prototype production of turmeric extract
nano—emulsion powder on food.

Powdering of peptide liposome and turmeric extract nanoemulsion.
Manufacture of multi-layered nanomaterials (triple-layered peptide liposome,
multi-layered nanoemulsion)

To evaluate the cytotoxicity and internal safety of the developed
nanomaterials and products and identify their physiological activities.

Safety evaluation of selected nano foods of in vivo experiments

Identification of physiologically active effects of developed nanomaterials and

products (anti-inflammatory, anti-obesity, antioxidant, etc.)

Expected
Contribution

Identification of industrial applicability and product applicability by
manufacturing pilot scale unit of nano material

Utilizing the anti-obesity functional effect of peptide liposome

Evaluation of the nanoemulsion powder stability of turmeric extracts in milk

and ionic drinks and production of prototype of ham, tumeric pill.

Keywords

Toxicit Physiological o
Nano food .y Y ] .g Scale-up |Commercialization
evaluation activity
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< SUMMARY - SP1 >

| FEWE | D-02

O Objective: Development of a mass production formulation of oligopeptide liposome that
maintains stability and functionality even on a scale-up plant scale capable of pilot scale

and mass production by blending liposome formulation technology and hydrolysis

technology.

Pg;rli);ietil O Contents of the study:

- Optimal manufacture conditions for collagen peptide liposomes.

- Development of functional products using oligopeptide nanoliposome.

- separation and purification of indicator substances.

- Development and application of surface composition analysis method.

O The pilot scale manufacturing process of collagen peptide liposome and the
stability evaluation according to storage period. The manufacturing condition
was determined by high speed homogenization (1st, 8,000 rpm, 3 min), ultra
sonication (2nd, 60 W, 3 min), peptide concentration (6%) and its particle size
was showed about 600 nm. Under the same manufacturing conditions, particle
size increased about twice as compared to Lab scale liposome preparation.

O The pilot scale of the citrus beverage with collagen peptide liposomes and
the analysis of physicochemical properties showed that the particle size was

Results -
about 2 7 3 um.

O The particle size of the multi-layered liposomes is slightly larger than
single-layered liposomes. multi-layered liposomes was made with the 0.1%
chitosan solution and the 0.25% HMP solution as optimal concentration
respectiviy for the improvement of liposome stability.

O Powder yield of yuja beverage with peptides and liposomes increased from
60%(yuja beverage) to 72%(yuja with liposomes).

O The physicochemical properties and antioxidant activities of the pork patties
containing the peptides and liposomes showed antioxidative activity in the
pork patties containing the peptides compared to the no-additives group.

O High pressure high temperature reactor for sub and super—critical water.

C(I::rftiel;_tlii((i)n O Study on the mix products of yuja beverage powder.

O Utilizing the anti-obesity functional effect of peptide liposome.

Keywords Nano food Collagen peptide Liposome Scale-up Commercialization
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Purpose&
Contents

O Toxicity assessment and efficacy verification of developed nanomaterials and products

O Assessment of cytotoxicity and genotoxicity of nano foods in various tissue-derived
cell lines and primary cultured cells

1. Toxicity evaluation of the developed nanomaterials by evaluating
cell cytotoxicity against cell lines
- Comparison of the cytotoxicity of curcumin and citron samples against
cell lines with potential toxicity suspected nanomaterials
2. Toxicity assessment of cytotoxicity of primary cultured cells of
developed nanomaterials
- Comparison of the cytotoxicity of curcumin and citron samples against
primary cultured cells with potential toxicity suspected nanomaterials
- LDH assay, MTT assay, Live/Dead assay using cytotoxicity
3. Genotoxicity of the developed nanomaterials by evaluating cell
cytotoxicity of cell lines
- Evaluation of potential genotoxicity of curcumine and citron samples
in comparison with potential nanomaterials
- Comet assay using genotoxicity
4. Construction of a database on toxicity and genotoxicity by cell type
- Toxicity and genotoxicity of each cell type (Establishment of viability data table by
concentration of cell type and nanomaterial)
5. Safety evaluation of nano foods using in-vivo assay
- Assessment of single-dose toxicity of plant scale nanomaterials products using small
animals
- Assessment of repeated dose toxicity of plant scale nanomaterials
products using small animals
- Derive structure-toxicity correlation of nano food through linkage
between In-vivo test results and cytotoxicity results

Results

O Papers and Scientific Achievements on Cytotoxicity and Safety Evaluation of plant
scale functional curcumin and citron samples

Expected
Contribution

O Expand the business through business entities that are interested in the future by
demonstrating the cytotoxicity and safety of nanomaterial foods that incorporate new
technological fields called a supercritical water decomposition technology

Keywords

Collagen peptide | Tumeric extract .. . . ..
. . Cytotoxicity | Biological activity
liposome nanoemuslion




{ SUMMARY - CP1 )

| FEWE | D-02

Purpose&
Contents

Establishment of optimal process technology for mass production of curcumin-loaded
nanoemulsion

Developement of encapsulation technology for masking and storage stability of
curcumin

Development and validation of nanomaterials in food products

Results

The maximum curcumin content of 4406 pg/mL was extracted by 50% ethanol
whereas only 4.29 pg/mL curcumin was extracted when pure water was used. High
concentration of curcumin was extracted at a concentration of 388.2 pg/mL in the case
of ultrasonication for 10 min in 2% lecithin mixed water.

The optimum formulation of turmeric extract nanoemulsion were obtained when oil:
emulsifier: water ratio of 7.5: 7.5: 8 and HLB value of 10.6. The average particle size
and zeta potential were 97.1 nm and -249 mV for the lab scale of 30 mL and 137.6
nm and -335 mV for the plant scale of 10 L, respectively.

25% water soluble chitosan coating was the optimum condition to obtain the small
particles of less than 200 nm and high zeta potential of + 30 mV.

Curcumin degradation was significantly inhibited in various pHs and salt concentration
after nanoemulsion and chitosan coating compared to the pure turmeric extract.
Turmeric extract nanoemulsion applied canned ham was very similar sensory score to
the control while the other samples such as curcuminoid, turmeric, and turmeric
extract showed lower sensory score.

The verification and analysis of the turmeric extract nanoemulsion contained in the
food simulants and the food product were investigated by the comparing the particle
size, zeta potential, morphological change, curcumin content, and thermal stability
before and after mixing. As a result, the curcumin content was significantly decreased
by more than 50% when the pure curcumin was applied whereas the curcumin
content was maintained less than 10% loss when the nanoemulsion was applied to the

products.

Expected
Contribution

It can be used for commercialization of various products such as beverage,

powder, and ball to which turmeric extract nanoemulsion is applied.

Keywords

Turmeric extract Mass Verification of

) ) Encapsulation ] Commercialization
nanoemulsion production nanomaterials
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apply nanotechnology to food production and packaging

"NanoteK" research consortium

was established in January 2000 with 15 universities and national research labs

Consortium participants: include Harvard, the
University of Connecticut, Los Alamos and
Universities of Seville and Malaga in Spain

H. J. Heinz

“Flavor and color enhancement. Foodservice sector is
incorporating into smart disp s and smart
meals, and the use of ials in ing”

Heinz Turns Ketchup
Upside Down!
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Fish-Oil Cookies
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lowering cholesterol levels
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helping slow the process of atherosclerosis
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Glycine 244267 20.0-30.5 21.0-275
Proline 93-133 13.0-15.5 13.5:157
Hydroxyproline T3-77 11.0-13.5 12.0-145
Glutamic acid 5.7-93 7.2-11.7 10.0-11.6
Alanine 54-89 4.9-9.1 8.0-9.0
Arginine 9.1-12.0 8.6-97 8.0-90
Asparagine 41655 4655 7.0
Serine 3035 29-41 3242
Lysine 2732 2743 3346
Threonine 2.9-3.0 1.6-23 2.0-24
Leucine 2.1-2.9 24-32 3.0-3.5
Valine 1923 2328 2234
Methionine 1.0-1.6 0.4-09 0.6-0.9
Isoleucine 0.9-15 1.0-1.9 1518
Phenylalanine 1414 14-23
Hysroxvlysine 0.5-0.7 0.6-1.0
Tyrosine 0.2-06 0.2-09 0.2-1.0
histidine 0.4-0.5 0.9-1.0 0.7-0.8
Cystein 0.0-0.5 0.0-0.1 0.0-0.0
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283t HA gL vx Ve AR E 79 8F A& ks 4

AA ] AFAPAA YA FS Y A7)0 FtEEH o=} gro]lmdl vhgA Q=
AES kel Y79 27 29E 84, 994 H 34 (pharmaceuticals), 2 %&&
2ke] ggml o 75 FAshe UxmEEY s, vprbd, ofol~Ad, Y T FEol=
el AFEEE dEHAERE Sol S F AT HT A EAdA AVE EFI AT
AL U spgFeltt. ou Y= duideA & A&golZ A Forta S vk
T 8% AFEaeln " AGAI A T Aol

AFARAA Hie7lEo] AFES FE G Heo FEHE AxE dEdES Yol
L, AbA 2% 5o oF gQlomRY YR Ay E4S Foli, 84, A
g &4, ¢t S T FHES THTh

AAe] AFAGAA YA FES Y A7) JtEH o=} gro]lmdl vEgAd Q=
Aes witshs yxAr)e] At 29Y e, 9% B A (pharmaceuticals), 43
2ke] ggml et 75 FASE dxmEEH e, vprbd, ofol~Ad, HEH T FEol=
dell AFEEE AEHAENE Sol S F AT HT AP EAdA AVE EFI AT
AL Uk spgFeltt, ou Y ddidolA & AZEgoZ A gotrta S vk
T 8% AFEaolm HAH dFAI A & Abgolth

Nestle (£=9122)9} unilever (ME@&#=) 52 AW #4537 v E FAstAAME A W3t
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o
|
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Aquznova (54Y) A= WET C, E, ZAAY Q10, isoflavone, flavonoids,
carotenoids, phyto-extract, @ (essential oil), #¥A, M 7| AELA] AHES
Agstslz] f1ete] 30 nm W AS ARESte] Yl 7|wke] Aol Al="S et
i CoQ 105 NovaSol ©]@ 3= 20069 5-E #ejsta Avh(2d 2-2-1). oleje

Ui fAE3t 7les st Adgd A AAolgES 7 ARt

z

NovaSOls

a9 2-2-1. 59 Aquznova A9 Novasol CoQ 10.

George weston foods(Z =) ‘Tim-top up ©¢lgh= WS FAvjstay A=H
7}-3 A HAake] FH-g A o] f o] wiolA= e (140-180
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& gaa Ak olw ddate] FAHe olAF AALw, I
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nugiment

nuMega-3

Dietary Supplement
120 Softgels

e et

a9 2-2-2. George weston foods®] Nu-mega % Nu-mega 3§42 %F.

O Salvona technology (7]=r) ‘Multisal’©] 2= tH4
2HE T & A Fe oY e 24
2 dgsta AA oA Ad¥Hez Fd F

Y 2-2-3. Salvona technologyAle Bt E AG Al 2H
(A) HydroSal™ (B) Salsphere™ (C) Multisal™.

O BASF (549)< gladolg}l Zg= Y=ar]9 44 72 =ol=E dRdel=, 3
AF2, vk Sl 0§37 fste] Amata ek

O Biodelivery science international (V]=) nanocochleate&
H, )AL T AHoEHE FEH Z7Z 50 nme T
H AERRE uke 4= 2= 71Eolth NanocochleateE F3to] Qw7}-3 A WHAHS
Hehelw gt Frlo] GFe FA 9= A, saE, #] 52 AxT F AHY
2-2-4).

Nete] 5815 E9stAL

Cochleates: Cell-targeted Delivery

High Cafcium

Source: Mannino R, et al, / Aquarius BioTechnologies, Inc

29 2-2-4. Biodelivery science international (V]=f) nanocochleate.
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138 ob- 2 A+ A 7|4 83 Heol= Ux AY FAHY AY
A AE&3 7le N
1. ob-2AAFE o] &7 olF 281 FENIE pilot scaled] N8 AZ 27 &9
b olF RAE(RHA)Y AXE BA &9
O olf RarEel FA ojmle] A9 A Folw A L wL o] IR o] o
ol o2 AAGY] dF DAY HAo] e HY. o] AARA &1 AL A& of-
297 Az A wudel wa 2 AW A 5o o]F WAl 9 o= e
of WAl A A ojo B,
A 5 QA By BEd 2R 23 (egdo)] ofnE A
22 9skel 100°Ce] 52 olgate] AW 2 W A7 F ok 3 em

=

2

o

L2 5 AAYE

A s AAEA. ob-29dA HE fste] ARE TR 2l HEeR = 5, £
AT S ol&3to] 22,000 rpmell A 303t 4 F oy Zhdl dds AxzstATH(LH
3-1-1)

T2 ojm| Hx2| = ofx|

a9 3-1-1. ofF BAEEFA)Y AAY A F AL

. oldAT B A VIR AS o€ o3 &I FEHOE Ax
O &2 AFddA oF-x=dA AHeles FHo 3x104 kPa-400°C ¢ ¢t 2 32 A7t 7ts3s
batch type pilot scale®] oF-=UA A A T2 AAstATH(LH 3-1-2). oF- %4
A A A= Hd 780 mlo] ARE AT F e Add 59 Hd-dHg 8714
Hoole AA B W FAR g E] Utk dAgE oy e A9 dH fE
E 5, 3 3-1-19 =43 ol A HAvk HA dE, HA 2k 2 A A

A T4 FgHEs faA, 8 EdE mA8 K-type =% AAME

A A T gy H 2% Ws #Fo] JheshA AAHENL 4E 2 2% HolHE
data acquisition system (34970 A, Agilent, USA)E &3l AT TAE dz 7=
st 2= 2 <k¥ dlolEHE F3F process intensity @ &4 RA3lE 9slo] ALEEH

At
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Control system |
(T, P. t)

13 3-1-2. Batch-type pilot scale o}-= A A8 #X.

E 3-1-1. o} A AHg =37

Pressure (kPa) Temperature (°C) Total processing time (min) HOl(ilrEign)t tme
350 150 71 10
660 170 81 10
1100 190 93 10
2100 210 111 10
2600 230 126 10
3900 250 143 10
O ob-xdA A A4 + 4= 2 2% Wl FAo] 17l 3-1-3o] AA ] Ut £ A
Tol A oldA UL B &% A H old wE FI Fddd o3 E FUE f
EHonz, exg g v WAR FhE AL ¥+ Atk BE 48 3 &%
of =udl Fo= RE 7oA FLUEA 10 o FTAATNS (Y=g FFA) FA
shert
5000
—350kPa —660KkPa —1100kPa 280 4 —150°C —170°C —190°C
—2100 kPa —2600 kPa ——3900 kPa & =—210°C =—1230°C =—2350°C
4000 )
_ 2 240
@ 000, 7 é 200
3 2000 - E 160
& =
1000 120 4
sﬂ T T T
0 ' ' T 0 2000 4000 6000 8000
0 2000 4000 6000 8000 1
Time (s) Tinie ()

a3y 3-1-3. ob-2UA A FAH F 4HQH) L LE(LEE) W3 FA,
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O oAl Ae A3 T 4 HAsE f8iA, AE7F 2 R L2 dH =59 B=E

FAsFet7] flate] AIRE o 4 B 2k 34 HE7IME &-85k] pressure dose R
temperature doseZ 7 AFs} = A sA W R
Ay T2 E o] &3t 11

. pressure dose % temperature dose
3-1-49} o] AAH o7 As TR WS AT

32
nE O

MATLAB

The Language of Technical Computing

a9 3-1-4. ¥4 FFH3FE Y93 F=F&H 2d =79,

O I A¥+= % 3-1-29] AA=o] At} 150°C & 350 kPa #2] 23194 pressure dose

2 temperature dose™= ZFZb 5.25x105 kPa's % 7.67x105°C-sZ YERHAT. A 2%
2ok AL 250°C & 3900 kPa & <o Ao+ pressure dose % temperature dose
7y 7y 1457x105 kPars 2 103.17x105°C-sZ 57}k th. process intensitye] 74-9-, o]
Zhradl &8 QolE dyA &8 FHAAE &8 Hojof 7] wFe] FF Tt
E% o] Hlu FAE B3 HA oEH ¥ 2k &Zﬂ% AAgste=d d8HAT

? 190°C & 1100 kPa®] =7 o=

G AN B F bt A A%

>{1

[N

Moo o E oW

¥ 3-1-2. o}dA A7 F4H AAZ3I}E 93 pressure & temperature dose

Subcritical conditions Pressure dose (kPa-s) Temperature dose (°C-s)

350 kPa & 150°C 5.25x10° 7.67x10°

660 kPa & 170°C 6.52x10° 13.91x10°

1100 kPa & 190°C 7.93x10° 23.68x10°

2100 kPa & 210°C 10.11x10° 45.49x10°

2600 kPa & 230°C 12.32x10° 68.99%10°

3900 kPa & 250°C 14.57x10° 103.17x10°
TA HAgE Gl TR Ee] e 27 2 SEF(18%)ol A HAAE F EAE
om Zepalel wwd g (119%)ZPE Aojdl Ful ofulwat ko] F82 ALY
Row ZpAgE WEL ] ofn Al A e Eo] 2



o 7t EAESY BA 2 BAZY o|5tEF 5EF 4
(1) —v—l@]
O oA AHgg @i d 7R85 3 kDa stirred cell2 ©]83}] filtration 331

(2) gl ofw =4t

O 8 ofvit BA4S 98t fElAlse] A4S H (125 ul)<S 0.2125 M sodium phosphate
buffer(pH 8.2) 2 mL¥} 0.01% 2,4,6-trinitrobenzenesulfonic acid(TNBS) ImLel] ¥& %
50°Coll Al 30+ %t 7FE&tth Ao Wste] 255 Y¥E $F 0.1 M sodium sulfite
ImL# ¥EAIA 420 nmollA FFEE FA4stAd. F8 ot §EFY Ve
L-leucines ©]-&73}%

O 19 3-1-5% ob-2A A5 g ofvlw4t e WstE yetla Aok Sk
o A duldo] vl FafE W f ofnwmAte] 3RS FolAoR FuH=
Aoz %7] control o}n=AF g3 3687 ppm e EZH-H Feldo w2 F7Fste] 250°C-3900
kPa 72l A, At 6286 ppm7HA S ¥ = Ao® e 190°C-1100 kPa A 2] Afl
+ 5130 ppm®] ofF| =4t FES UERU AT ARk Y5 S8 fEolE AlE AX
Alol= AA opm| Ak e 5000 ppmo 2, E Ao A= 190°C-1100 kPa #2]7} ¢
g FgAe] sh #Eldd HAY 2Hoe=E g oE S ok T AU A =2 g
CEE AR Aol WA B& Sl mbEASHA] Fvs AollA, 190°C-1100 kPa
A7t A x2dor nE"E F o dval ot 27 A dde xd bk
(1.19%) 2538 FEA o2 AE, #2 obr=4ke] ppm F=e] 93 +&2 150°C-350
kPa: 31%, 170°C-660 kPa: 34%, 190°C-1100 KkPa: 43%, 210°C-2100 kPa: 46%,
230°C-2600 kPa: 51%, 250°C-3900 kPa: 52% = UEFTE oA A A7 A, A =9
Yol FTETE g olrxAate] & SulstAAN AAL A w3t A sl 9
gk H-2}8-5 arelske] 190°C-1100 kPaZb A 1o = Atz dtt

. %
o g
7 0
el s m 4 G 0
w? 900

Control  j5p9C g 170°C& 190°C& 210°C& 230°C& 250°C&
350 kPa 660kPa 1100kPa 2100 kPa 2600 kPa 3900 kPa

Processing condition
a9 3-1-5. o}dA AY FAH F F3 otvl =4t = wig)
O oldA A A T duyA &E HAHsE Hste], Fd on|x=4t dF WsE
Pressure (P) ¥ temperature (T) doseES &3 2nd order polynomial regression® = 32}

9 cezs shglev o AvE 19 3160 AN Utk 340 LAxE Eaiol
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BAG v, fel ohmite dEd eEsk BAel Frbse oA

ZAA

synergistic &3l 93] &Ko o] FuE o= YEh, B Ao A8H
ol A Zzlo] wulA sl Halo 8&4YS AS3Ah

x 10

2.5

Free amino acid (ppm)
(]
b2 th
~
)

0
15000

10000 1500

0.5

5000

Pressure dose (MPas) 500

0 o Temperature dose (kCs)

28 3-1-6. o}dA Ay FAH = pressure & temperature dosed] 93+ F8 ofn =4t

el w3

&3tel 2439
o

h =4

O vz e hovine serum albumin A FS ©] €3] 540 nme] FF=olA F
el
=

O
g Hk&

O of-=dA A7t oy *E‘rﬂ]«l chd ok wate] miA= kel 1y 3-1-Tel Al

o] 9tk %7] control o3 Y
2 170°C-660 kPa Z7A2 BCA & =o| control Bt} =¥ Ao = e

Z7kol 93k o]y FpAle $F (aggregation) &yl o3 Ao R FAHEH
W ews 27 foH o 7haste] 250°C-3900 kPa EAME 66%7H4 BCA
o] A% Aog HEAHU ol olxdUA A7} oy ZFAdle dMAS Il R

A
o] ARAE e S5 522 W Ao BAHT,

100 - 5/
T 0 - A s
: 7
s o 1 U U
1 U 7
Nl
= 777,

Control y5peCg 170°C& 190°C& 210°C& 230°C& 250°C&
350kPa 660kPa 1100 kPa 2100 kPa 2600 kPa 3900 kPa

Processing condition

a9 3-1-7. o}dA AP T F @9d FF W3

— 6322 —

239%¢°] BCA g2 Hetliglth 150°C-350 kPa

UQL' o r}o
ol i K

=3



(4) @8 d A H7)|9F
O A7|9%L 12% H+ 20% acrylamide gel (EzZWayTMPAG, KOMA Biotech Inc.,
Seoul, Korea)S ©]&3}l9 sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)H o2 Aldstdnt. oy 7FeEalE2 10% glycerol, 2% SDS, 0.003%
bromophenol blue, 5% B-merchaptoethanol®} 63 mM Tris (pH 6.85)< 3$Hf3F KTG020
sample buffer (KOMA Biotech Inc., Seoul, Korea)?} Z}z} 50 yL® &3tsldch A2
95°Coll A 5%F R % 20 ulL¥ gel®] 2z zhtoll 298ttt fEtol=9] Fa+= 140 V
ol A4 At (T 1 h)ollA Al aq= At
gl A Hr|gdEs A3 29 3-1-89 AlA|F o] 2t} standardi control®] 7 -¢-
BFARE 282 9714 W33 bandE Rl Ak o 2AA A Al AP
2 w7 713k whel bande B E 1EA 999 bande HARE WA= &
< H3lon, 190°C-2100 kPa o]/olA+= oW band = AT + gl3doh

1‘
ok i X

kDa

210
140

920

70 -
55

40

35

20

15

10 °
.
Control 150°C & 170°C & 190°C & 210°C & 230°C & 250°C &
350 kPa 660 kPa 1100 kPa 2100 kPa 2600 kPa 3900 kPa

a¥ 3-1-8. ob-=UA AY ¥4 F SDS-PAGE & ¥3},

(5) pH

Ae] 7ol pHe Wl wX &= gdo] 17 3-1-90] AAIHS ATk Z7] control o]
Zobal e pHeE 7408 YERUI ST, 210°C-2100 kPa 7HA= Sol2 W3t FAE #
zZHe 4 gl 230°C-2600 kPa A2 =UHHE Fodoz Fuiste], 250°C-3900 kPa
Al Aloll= Hdl 817bA Fuletdith pHe w4 F7he ek g wuAg 9 w3 &
dell 7191k Ao Z ob-2AA AFA HEI 259 T bR AR Eve A4S 9

o},

o

o|N
ot
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AT
ANRRRIINIRRIINNRRNNNNNY

Control  j5peCg  170°C& 190°C& 210°C& 230°C& 250°C&
350kPa 660 kPs 1100kPa 2100kPa 2600 kPa 3900 kPa

Processing condition

a9 3-1-9. ob-2dA A2 ¥4 F pH ¥

(6) A=

O

O

M= chroma meter (CR-400, Minolta, Japan)& A}&3}e] standard plate =

calibration 3+ 3 L* (lightness), a* (redness) 2 b* (vellowness)ES =74 3a}¢t}.

A2l x3do] Mol Walel] WA= J&FS Y 3-1-10°] A= ATk control ©1¥]
dAe] A5, 35509 L° values YERHASH 170°C-660 kPa ZZFE Fojdo=z 7+
2otk ol Zohl o] TR E Soto] ARAS FomHA Hle] Figo] &
ol L value7} TUl¥ oz HAHETE a’ value?| 49, oAl Az 7o w2 5
olAl FA WstEs = F JUATH b value®] 4%, 190°C-1100 kPa Z=ZFH w4 3]
SHHEAT. ol 2k Tk Zaleh A ©sh Aol e Ao EAE
Atk whebA], 190°C-1100 kPa o] d o= oA =3 dAs= A2 @3 4 S4

A v e e Ao ARd

45
40
35
30
@ 3
225 2
s >
%, 20 -
15
10
5
o J
Control 150 T & 170T & 190T & 210T& 230T& 250T& Contral 150 T & 170T & 180T & 210T& 230T& 20T &
350kPa 660 kPa 1100kPa 2100kPa 2600kPa 3900 kPa 350kPa 660kPa 1100kPa 2100kPa 2600kPa 3900kPa
Processing condition Processing condition
a
5 (a) (b)
10 A
8
6 -
g
N
. 2
-
0 -
-2 4
4
6

Control 150T & 170 & 150U & 210T& 230T& 250T &
350 kPa 660kPa 1100kPa 2100kPa 2600kPa 3900kPa

Processing condition

()

g 3-1-10. oF-=<A AHE 4 F A& W3
(a)L” value, (b)a" value, (c)b” value.
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(7) o1&
O "Ad 7tvets o] &ato] ofm A& g ol Ael $o oj¥to] 17 3-1-11°l AA

]
o] Qlt}. control o3 YAFEE 170°C-660 kPa ZA7FA|+= ZutAd oz uwlAlo] ggl B
FE ddE Yelz o, 190°C-1100 kPa Z=AFE ME7E Aukxow v T4
3 FE S wo] FAuk oA 7ol 210°C-2100 kPa ©o]A o2 FulE WA REE A
Tt ZAel FEE HuA g3t dAdeo]l SulEE AEdES BT webA, 2 oA
°of A3 zxHole= obdA AYA 2% B 4EHS REA Eole S nbAsHA &
o1 190°C-1100 kPa x71o] HHH oz Alg ¥}

(a) control

(b) 150°C & 350 kPa
(c) 170°C & 660 kPa
(d) 190°C & 1100 kPa
(e)210°C & 2100 kPa
(f) 230°C & 2600 kPa
(g) 250°C & 3900 kPa

a9 3-1-11. ob-=<dA A TH F F ¥s,

g oy 9 T WE VTl B3 L9 v
O ¥ 3-1-1201% Z7] o9 U FEF 7%1A 66%71A Wa Al 23 Fo {3 of
n) =4k SFEFe] WEE AAEo] Qth B Ao ofd A A8 3 3 kDa stirred cell
S o] &ate] BT wEel 27 A Fmol o3 ofv=al FHF Wt oy o
, 2 = Ao YJet gy, AA T4 5§ SHAAE 27

°l L B
ofv] Tt e E ¥4 cyces =Y F WV WEo ¥4 BE&s TUHE Aom A}
=9

10 A

L-luecine (mg/mL)

AN

0

g\\\\\\\\\\\\\\\\\\\\\\\\
ZANNNNNNN

13.20%

39" 3-1-12. ob-29A AF 38 A 7] ¥ = ©E /Y oiv=i I W
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a9 3-1-13. @54 ob-xdA A FA.

2. Pilot scaled] &3 1 HEol= Y=g IXF HF Ax T4 FH

7}, 239 Lab scale ¥4 pilot scale2 W37 ¢3 A% H2E

(1) Pure materials ¥ Blank g|¥& A|x € 54 &4

O A#3t= 2%9] fish collagen (FC, Naticol 4000, Mw 4000, Neo cremar) % 2% lecithin

(Lipoid, Germany)< ZZF 10,000 rpm, 1 min Fd9 Z1&%& FAHAKA T25,
Germany) % 12,000 Psi, 1 cycle ¥3 Z72] Microfluidization (Picomax, Micronox,
Korea)o. 2 w&sIAT. 18] 4% FC¥ 4% lecithing €% & 4 oz #4s3}
o] 2% FC liposomes A|Z3FA T pure 52 2 FCE|EXFL 434tk
3t Zeta-sizer (Nano-ZS90, Malvern® Instrument Ltd., UK)E ©]&
AA=Z7](nm) ¥ A3HmV), YAHEAE (polydispersity index, PADE =433t} o] of

= EAE 33 wHES At

1
o o
O & Q& pure FCE Imm o149 A7]E Yellon xud FAA 50%0]% 745}
e
A

_

=
75 H Gt microfluidization 345 3+ A% °F 700 nm=7|E YEFH ]

°F 700 nme] blank B ¥xFE 9F 150 nmo. = A A7]+= &5 A A s
A3} pure FC, blank 2%%, FC 252 247t -25 mV, -35 mV, -13 mVe| UEH
o YAHEAES] A S, BE A TFAA #E A 06 o), 7 E F 04 olstE YER
cH(1y 3-1-14).

d
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1400 40

1200 - % A 35 1 / B

1000 4

800 o

2

Particle size (nm)

o=
H
1

Zeta-potential (|-jmV)

200 o

4 T T T
2% FC/HS/NF 2%LP/HS/MF 2%F CP/HS/AMF

a9 3-1-14 ¥ 29U WE pure 22 2 FCAEFY YAZ7I(A) 2 YAASHB)HS: high
speed homogenization, MF: microfludization, FCP: fish collagen liposome, LP: liposom
(blank)).

O 2% FCelx2F°] A% 1% #4d2 ¢F 560 nm, microfluidization= °F 150 nm< ek
W], high-energy emulsification@ 3] Z]3X&F<] =717} 1007200 nm ZF%OE ﬂé% 2
A =15 A

(2) 2% lecithin ¥ g =9 FCE ©] 43 FC FEF A=
O 2% lecithin =7} &alAo] 5oty e Axp=r e g xZE A2/} 7hseigs= A
FAT A3E vwgow tYgd Fre FCE E§3ste] FCHEF9 AxsAnt o u
ARR S ThEE A 2 71S 5000/7,500/10,000/15,000 Psi 9F 1 cycleol™, theFst s

7z

R

o o

FC & A9 vx52 Za, T3 pilot scale?] #AZE Al A dAzS 93 2z
gty st xSt

O z1% FH7IIKA T25 Germany) Microfluidizer(Picomax, Micronox, Korea)E& ©]-&
) Z

ol Zbz} gAstgon, g xow AEld FCHEFLS AR dSES Aoz %
53}l Zeta—sizer (Nano-ZS90, Malvern Instrument Ltd., UK)S ©]&3}o] pure =4 ¢
AA=7](nm) B A3HmV), A=A (polydispersity index, PADZE =43¢t} o] of
B w33 W Aldeal
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1000

A B mmoc | B =
=10 = =
180 % o _ 184

g 160 - % E 16
2 140 % 3 14
£ 120 4 % % 124
% 100 Z ? % 5 E.fw-
= ] : = g gl
o/l . %f % Z -+
20 % % % % I? -2
gl B 'R B RN NN EE v
Non-MF 5000 Psi Pres::[;[lep(;ma) 10000 Psi 15000 Psi Non-MF S““u:::lmsure (BI;:])DPSI 10000 Psi
1.0
C [mm
0.8 4 i;ﬁ“ﬁ&
E 0.6
z il
0.2 4 ] /
Tl
0.0 | % A
Non-MF 5000Psi Pres:;[rll[lepas;ma) 10000 Psi 15000 Psi
a¥ 3-1-15. #2ZA0 W& g4 3= FC FEFY AA71(A) L AFHB),
HAEATE(O).

Fo] JA=Z71E= 5000 Psi, 1 cyclee] 2 Z=7o2 ¢F 100 nm
= Z7F 7be s gRlsti o, olw dAdstet YA EE 24
-15 mV, 05 oz dAzAd & wo H= Aozt yERYA skt ok 0.5%
& =9 FCEF Hlaf Alo]=7} 2a1, JAAs7F =i, J=

= E=A AN FE3E 9% FCHEFS 100 nm o3t 4AA7IE =4
Fe+3tH | micrfluidizations ©] 83+ pilot scale FCE8]X%& A ZA] 5000 Psi 8% S5
sttt A9t obek microfluidization &3S HEFH o g2 A IS 1
2 Ay uito] 21ud TAHS F3o pilot scale?] FCEEZES Al X3

Ao =
AR AT H 3 1-15).

AA=7] =A F 100 nm F+9 FC liposomes AEldto] FCo THEES =435
t} oluf o] &3t W& Sephadex gel separation®} BCA protein assayH-< A #slith

Sephadex gel separatione PD MiniTrapIM G-25 (sephadex G-25 medium, GE
Healthcare, UK)& A}83to] GEALS] T+ T2 EZo| ug} A3ttt Sephadex gel
separationZ 8l free FCE A7 sta, g EFd ¥ FCE 0.1%9 Trion X-100S o] &
sto] FASGT FAY EH P FC%E Sigma Aldrichel A Al &3+ BCA protein
assay 9ol wel At
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90

[ 100 nm FCL (5000 Psi, 1cycle)

=
=, 80
Q
c
A
Q
% 70
G
= 60
5
=3
a
- l l
Q
=
11}

40 4

0.5% 1.0% 1.5% 2.0%

Fish collagen % (w/v)

a4 3-1-16. 100 nm %9 FCEEEFS FCEH R L.

O 5000 Psi, 1 cycle?] & =72 AxH o 100 nm T2 FCHEFY FC e &
S A3 A3 AA A Zo] 55% oo ¥ a2 &S YEdth £84 B ¥ s
< YRR o® A4 g2 S AMIAS w AIE] =& BEQ AR AlREHTHH

3-1-16).

(3) 2% FC$% 2% lecithing ©] &3 pilot scale?] 1% FC g% & Ax
O 2%= lecithin 5=7F &alXdo] 3o, Ze JA=A7 9 g EFE A Z7F 7Fedtv= A
A AFE Hgo R 2%FCE st FCElXF9 Azt o uf AL&3F gk

sk A ZAS 20,000 rpme] FE2 5/10/15/20/25/30 wo] Az o R 2 Lo FCEE
& Axsta, pilot scale?] Az ] ol =] A7ts st @S sty 93k
&3t} Pilot scale® Ax Al & %Xéf\]ﬁ% ofF 7AIZkolH | HAIEF 2 FCE &3A
e ALl AN Hd 30 o= A3

500 100 03
A L 105 B

. 10
E‘m_ Loas § E
3 Pz
2 104 120 g g
g 125 é E
7 300 z <

L0

5 min 10 min 15 min 20 min 25 min 30 min
5 min 10 min 15 min 20 min 25 min 30 min

20,000 rpm homogenization time
20,000 rpm homogenization time i g

a9 3-1-17. 231& 2 ZxA BE Pliot scale®] FCEEFY AAZ7|(A) £ dA ZAE(B).
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O Pilot scale® A3 FCZEZF9 YAA7]+= 350-450 nmolw, T @AFe] F7HE=

Fadte AEE Btk A7 dAHoR FEE E ATFHAACAA AAG Hx JA

°F 500+50 nm= A Z7} 7heds etk o] uf A= ofF -12

2} FAEE 02-042 5450 Microfluidization &M o2 A %3 FCE|EE X
QA= 71= A, JAF A= Yol monodisperse Bl & FkE T

A719] A5 F3l, pilot scale®] FC#XEE A=Al 2ad 2 7](IKA T25, Germany)
£ o]&sto] TR BxE A7 dAAEIE Thedte et vk Az AP ATE

o] ¥ dile AE Ry f8] P A7 (max. 40 L)E =Ystar, s Al F
# 7} soybean lecithin (Deoiled Lecithin: MetarinTM P, Cargill) S

< A &s a1

AestAct g @ 7]= A7F soybean lecithin®] #2d ZAS AAI % o]&sr|=
A3 1L, magnetic stirrers ©]83F low-energy emulsification®] T3E dolH 7] ¢
3 thFet F%=9 Tween 205 &3 3t A9 =& g2lstth

A 7F GA € o]&3 FCul £5S magnetic stirrer® ©]-&3Fo] 500 rpm, 12 h #+& =7
S 2 °F 900 nm® Y79 04-06 T JARFAEE YEEHT trb A7) A%
Al #FEEE s Best] fa 7EY s Foli, e A 3 AR E R
Al7171 918l 2% lecithin®} 0.05, 0.1, 0.5. 1.0%(w/w)2] Tween 20 F3AE &3 %
low-energy emulsification ¥ 10¥ &°F WAAGsH EolHe= =9 dAa7] € ¢

A, GALAES S

a9 3-1-18. 43 F=(w/w%)e]l Tween 20°] A7F€ blank B EE.

g 3-1-18914 HYAIH 0.5%(w/w)et 1.0%(w/w)e] Tween 200 718 4§ free
HIA Rl blank glEZFo] 8] HA ¥E AS I F 5 Aok dA=T] R Adsk A
WAEE G 3013 o A 10“” ARG FAE Belse @4 e ggton,
YApAFol=of A s 7 A4 FHAske A EFe BAth
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¥ 3-1-3. 0.59 1.0(w/w%)2 Tween 20°] H7}9 2% blank liposome

Polydispersit
Particle size (nm) Zeta-potential (-mV) y. P v
index
0.5% Tween 0 day 626.06+16.31 62.23£1.07 0.20+0.05
0.5% Tween 10 day 575.86£17.02 59.88+5.12 0.14+0.08
1.0% Tween 0 day 657.96+16.50 61.70£0.51 0.15+0.03
1.0% Tween 10 day 542.36+16.69 59.30+0.52 0.131£0.01
Y. 8 #2712 53 pilot scaled] FCHAEE A%
(1) dg#A7E o] 83 1 LY "d%d F% blank FEF A=
O A7 (WSB70ST,, Waring, China)E ©]83}4 pilot scale?] 10 L 1% blank # 3

o 2
o 091'

Azst7] &) 4 1 L =9 2 4, 6, 8 10%(w/v) #ZA ¥ (Deoiled Lecithin:
MetarinTM P, Cargil)& 4204 magnetic stirrerE ©]-&3to] 500 rpmo.& 4A3] &
a = uf 7}x dAstar, 5 10, 15%(w/v) dAIE> 60TAA 700 rpme] 22 #23
o] blank Z|XEFS AZXSATHE 3-1-4). & AYMe= &Hd3] &ave= HY =&
2= Zlo] HAolflon 1 Lo sk dAE &de] Al ZE(stock solution)= o8 ¥
AAl FAAIZE D AR E Hekstr] 9] stol At

¥ 3-1-4. %% 559 blank FEF AZ A

Lecithin . . . . . .
Water (L) | Lecitine (g) | rpm | Melting temp.(C) | Melting Time (min)
(w/v%)
2 20 30
4 40 30
6 60 500 22-25 60
8 1 80 30
10 100 60
5 50 30
10 100 700 60 60
15 150 30
O g3t s= AZE blank HEFLS FHFAAS dElR FFeE Zeta-sizer
(Nano-7ZS90, Malvern® Instrument Ltd., UK)E ©o]&3}lo] A= 7](nm) 2 A3dH(mV),

2]
Q) A A= (polydispersity index, PAD)E =4 st} o wf zt sl i F
AMET FA4st9om, e AZES 1008 3]st dom 4]

3-1-40 A4 HYAY, ot 322 A F4E blank B E¥EFS & Y

Qbell RF &d3] g, F2eoA Hi 10%(w/V)HAE, 60CAHANAM = FH L
15%(w/v)El A o] m5% &aEdut. & 3-1-565 24 27AdA &89 H 5E9 blank
JEF JASEA At A=A E 500-600 nm Aol ™, YAREAIEE 0.2-0.32
TAd o2 #EEAT ok dArdEte] A9 ds Thete] &aAZl A $-(-26 mV)
°

HT
>
o2
ol
32
nt

=

l
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% 3-1-5. Blank 21259 9z37] 2 A}, ARAE

Lecithin (w/v%)

. Particle size (nm)  Zeta potential (mV) Pdl
(Melting temp.)
10
. 595.90 + 19.89 -82.20 = 4.08 0.3 + 0.01
(22-257C)

15

. 52690 + 6.66 -26.40 + 4.26 0.2 + 0.03
(60°C)

) FFA7E o] L3 pilot scale 10 LY 1% blank I EF A X

O 10 L9] blank ZE2FS A=xst7] fl& 24 Bl 2EoA AAH 4 gallxdS o] &3}
o 1 L9 10%(w/v)e] 5% A ' §He A Z(stock solution)stATh HEH 2= 10
Lo 1%(w/v)9] blank #¥x&FS I T A7 (WSB70ST, Waring, China)® A %3} th
727 HAY rpm 18000 ©lH, X F 9 AR ZHIJIES. ou HHEASEEE
speed 4 (8000 rpm)%} speed 8 (16,000)% Pz HAAT A HA dASEE 2zt &)
ATt

O 1% blank BE2FS 2 AIZF 2 4, 8 10 &vit} A FH ko] Zeta-sizer (Nano-ZS90,
Malvern Instrument Ltd, UK)E o]&3to] YJx=27l(nm) H AsHmV), YAHZAME
(polydispersity index, PADE Z43t1, & AMEZ2 1009 gAstg oy, #2492 33 ut
& A&kt

O Aoz a4 7(WSB70ST, Waring, China)® speed 49} speed 8% 2 = 10
LY 1%(w/v)4 blank 2¥&F2 3% 3-1-63 £ JASAHAES Uerdllth. 284 A|3ke] &
7b s 4] A7 fHaske Ads Holdl, YAASE dASET wESTSE T
& Ee Aow ZFFAL. o, #A LR BE ot gl Ao et 2
S T AA4E HH dE Sev AL ES 175t speed 42 AAQSIATH

# 3-1-6. Pilot scale 1% blank | EF] HJA27] € YA, GAEAE

Emulsification . . Zeta—-potential Polydispersity
) ) Particle size (nm) )
time (min) (mV) index
Speed 4
453.20+ 8.25 -45.00+0.57 0.20+0.03
2 405.90£12.78 -44.90+0.25 0.20+0.03
393.80+ 7.01 -41.30%0.72 0.20+0.02
10 342.60+ 4.86 -37.70+2.19 0.20+0.02
Speed 8
422.80+9.55 -38.00+0.67 0.20+0.05
2 397.30+4.07 -45.40+2.25 0.20+0.02
4 360.20+8.39 -67.30+£1.07 0.20+0.05
10 328.40+4.75 -47.90+4.21 0.20+0.03
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(3) NP FA7]E o] &3 pilot scale 10 LY 1%, 2%, 3% blank ZFZ A%

O oA AJA3E lab scale Bl EF AZA HA s=2HOZE 2% blank ¥ FCE|¥EFo =2 A
AstAt}. o]ef e AIE wlE o E pilot scale® 10 LY 1, 2, 3%9] blank ¥ EFS
Azstar, BEE AxHA-ES 1% blank #2EF AT 3ot 1 Lo 10, 20,
30% (w/v)el 5= #AE &de] Al F(stock solution) & NPT A7]E o] &3l &
A Ao AAE HA & S5 speed 42 10 L2l 1, 2, 3%2] blank B|X&S Ax
skelt.

O 1, 2, 3%9 blank #¥FS T2 A+ 2, 4, 8 10 #vlvh A3 3ste] Zeta-sizer

8 AAA271(nm) 2 AsHmV), §
A4 = (polydispersity index, PADE S43sta, =& A1E2 1008] gAsq o, 24

< 33] 9bE Al et
O I 3-1-7o04 RohAs], $E7} ¥258 B 74 Aol 25% 44 o] =7} tha
Harve A BHIT ork 2%9 3%9] Atole ALY gle o= #AFEAY. A
4oz BE 942719 500 nmuth 4 YAz oln, YAHFE 30 mVoIFOR
b4 ghe deblth elw Q4 BAEE 02 o)stE wRAS dehie sow
=4 = At
¥ 3-1-7. %3t #x 9 pilot scale blank B EZ9 YA=Z7] E YAA3}, YAEAIE
Emulsification time . . . Polydispersity
] Particle size (nm) Zeta-potential (mV) .
(min) index
1% blank liposome
1 422.80+9.55 -38.00+0.67 0.20+0.05
2 397.30+4.07 -45.40+2.25 0.20+0.02
4 360.20+8.39 -67.30+1.07 0.20+0.05
10 328.40+4.75 -47.90+4.21 0.20+0.03
2% blank liposome
1 292.80+3.65 -40.90+1.13 0.10+0.03
2 296.10£2.72 -0.20+0.19 0.10+0.01
4 290.50£5.80 -40.60+0.10 0.10+0.04
10 287.90£3.93 -49.80+0.40 0.10+0.02
3% blank liposome
1 295.40+1.11 -56.10£0.72 0.22+0.01
2 286.10+4.21 -0.10+0.08 0.23+0.01
4 276.40+2.26 -46.6+3.23 0.22+0.01
10 261.90+2.66 -55.80+1.36 0.18+0.02

(4) HEFA7]E o] &3 pilot scale 10 L2] 1%, 2% FC JEZ A=

O UM 33 HZAX3}¥ Lab scale 342 pilot scale® Bdfsl7] ¢33 HZF HAEA
lab scale B XF AZA 2% blank ¥ FCE2Fo=Z A3t o9 e ARE v}
g o 2 pilot scale® 10 L9 1, 2, 3%9] blank @ EFS A XA, HEHoR 2%9)
S%7) lab scale® AzH 2% EFI FASH HtE At 2% dAAE R 1%
FCE o] &3} pilot scale?] FC®XE Al x3F3 ).

O Azx +4& a3 2k 1 LY SHT 10%9 FCE &A1z F 20%°] dAE =
5 olo] gajAlxItt. ks §a F 10u) 3| Aste] HF s=7F 47 1% FC, 2% # Al

l‘

o

o

P

HU
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o] wA 3 T HA dHEHE speed 42 FH Y] FCHEEFS A X} gEFS
oA AZE 2, 4, 8 10 #vult} A3 3] Zeta-sizer (Nano-ZS90, Malvern® Instrument
Ltd, UK)Z o]&3to] dA=A7](nm) 2 AE(mV), YAHEAE (polydispersity index,
PADE F43sti, e AMES 100W) At om, 412 33 vhE Alg)at ot

O Pilot scale FC#2ZF9] dx}=a7] ¥ O‘XPH 3h, YAHEAIEE ¥ 3-1-83F Y 4R
= A AR ez R dEA o] dojd s AobA| =
Apol BAb% e @A ke u} ﬁiﬁ}% A3E e
T Zke] & Aot gle o= HA AT

H

o

F# 3-1-8. Pilot scale FCE|£F9] 437 2@ GAA3E, YAHAE

Emulsification . . Zeta-potential Polydispersity
. . Particle size (nm) .
time (min) (mV) index
1 315.40+7.63 -33.70+0.10 0.40+0.01
2 286.00£8.86 -35.40+1.70 0.30+0.03
4 264.30+4.30 -33.80+1.10 0.30£0.02
10 224.40£1.60 -32.90+0.60 0.20+0.01

3. Pilot scaled] 9% &3 ol FYEE tAPA A
7h 71EAE 2 HAY S o] &3 25 F FCHEF Ax
(1) 2%% FCEXE Ax

O Chun 5(2013)% Jo (2015 w=w, nonflayer YELS o A4 o A I}
I E o] Aol FA oW, vFF YUEEHU AE RS B A&7 wet
ol A o0 F FA = Ao FE B M\;}

O =3t Fetol=e] x4, d3, % ol we} Ad#H FaA-go] vhgstA e
131 (Galdiero &, 2013)9} @ EFo] EHA @tz o8] 2 xE t
AR 17} 9tH(Katja Petkau-Milroy & Luc Brunsveld, 2013). 1822 X

23 FAetet 2dstE W 7|EANY ARS o] §ste] FCYEF vdeds XA
12k A TH ™ 3-1-19).

o fr

Amiloydogenic

AM;_ CPF;I;};:‘I;;:l peptides polyethylene glycol  protein/peptide
a encapsulated drug
£ oz T

oml f;.-'IO"O“m Eﬁt-o....,....e-.

é % 7 7% cholesterol —L 552

“iteo o
peeocd Traslocating Erldocmc
way way

P formaatio %':f- e -‘ Leakage caused by ordinairy phospholipid
g

Rle e fluorescent lipid

a9 3-1-19. JEF I JPeol=
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2) 71EA-FCHEF A=
O FCHEFS AS FEA717] f18l Fdsts W 7|EALS o]&3te] FC
AA71H JAFA A E ol &5t #Holojs A =
Sodium Acetate JUNSEI 98.50% 1lkg (Japan)
Acetic Acid SAMCHUN 99.50% (PyeongTaek, Korea)
Sodium Phosphate Dibasic SIGMA 99.00% (Japan)
Potassium Phospate Monobasic SAMCHUN 99.00% (PyeongTaek, Korea)
Chitosan from crab shells deacetylated SAMCHUN 85% (PyeongTaek, Korea)
Fish Skin Powder (Naticol 400) (Seoul, Korea)
7. Lecithine (Deoiled Lecithin: MetarinTM P, Cargill)
O Acetate buffer €A %: 7|EA &35 93k acetic acid 5M 0.85 g¥} sodium acetate
5M 0.60 g& 500 mL F5F ol =9 pH 32| acetate buffer &S A =3} t}.

o Ok W N

£ 3-1-9. FC g xF 3" S A% g4 s=9 J7|EA

Chitosan (%)
Control 0.0001 0.0005 0.001 0.10 0.03 0.05 050 1 2 4 5

Ingredients
2%
FCH X% 20 20 20 20 20 20 20 20 20

(mL)
Acetate

buffer 20 1) 2) 3) 20 20 20 20 20 20 20 20

(mL)
Chitosan

(g)
1) 1/100 dilution of 0.01 solution 2) 1/100 dilution of 0.05% solution 3) 1/100 dilution of 0.1% solution

0 0.02 0.005 0.01 0.1 02 04 08 1

AYst7] g Hao JNEA w2 E Z7] 93 2%9 FCHEE &
0.0001-5 %(w/v)el 7IEAF &d4S LI(viv)H &= %%L?}‘jr(ﬁ
Tl 7142 FIHE 255 FCBEELL Zeta-sizer (Nano-ZS90,
Malvern Instrument Ltd,, UK)—El o] &3] AAA7(nm) Z AZH(mV), YAEAE
(polydispersity index, PADE SA3sta, =& AZ2 100v) g4t o, 100u) 34t
ol = oju+# A e, By fHS 7+ 18 mLA ¥& H AT gH 4 mlLE ¥, 10
v 3] A1e djol = oI+ AY, W §HE ZZ 9 mL A ¥ FH AT A& 22
mL ¥ &tk #4233 dbE A] sk

<
T
L
i}
0%
ot
off
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12000

Y
=3

10000

I3
=)

8000

1
=)

6000

B}

4000

Particles size (d.nm)

Zeta-potential (mV)

-
S

2000

o I e —.ﬁ_'l_,
0 0.00010.0005 0.001 0.025 005 01 05 1
Chitesan (%ow/v)

"
=3

2 4 5

g

-
=)

/\/’\

0 0.00010.0005 0.001 0.025 0.05 DJI/ 0.5 1 2 4 5

Chitosan (%)

0 0.00010.0005 0.001

0025 005 01 05 1
Chitosan (%)

2

4 5

a9 3-1-20. 71EA =0 wE 2%9 FCHEFY 4AA71(A) B dAAHB),

AR

= 4 moldow =AHHE o

A%y g o8 UEE AxPAAL

Lo

st 25 0.6 °]49]
%L free 7| E4F, FCE ,
A=t 54 A3

o QAke) 2717k 1 mell AR, QAR

3
a-

»

=S|

2] RN

e

JG-FCEF A=z

3F [e)
Ao

monobasic 5 M 0.734 g5 500 mL
FCel &5 $d3] g etr] 9l
Aol thFt
wo HEow

A= oyye]
s e

2<% FCH

A27)(nm) R

o of

ol
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o, JEAE 7]E
FJNEAL T XM= 4% 5%E ALlstal 1 mo]

C).

AS |

0001-5 %(w/v)e] & &H

o

o H°

5
_]

e

KeR
=

a9 3-1-20014 ® o], 0.025%%F 0.05%¢] 7|EAtS =

o] ez} =7]
oA o7
of At =Y vtk wdle] W32 WA AF oF g}
vhe] 1At FEHE FAsHeF +30 mV)E HER T,
0% % FCyEFo 7 HWaANAY AdAENE A2 vy
s JERE oHEAbE e

23 A1 7171 ¢33 sodium phosphate dibasic 5 M 0.35 g3} potassium phosphate
5ol =9} pH 7 phosphate buffers
HAae ARl w5 Z7] f8 2% FCY
Il(viv)v] &2 33ttt befFst
Zeta-sizer (Nano-ZS90, Malvern Instrument
A3HmV),

W,

hva

Q) &} E-AF = (polydispersity  index,

KeN
=

1009 548k o, 100 548 woli= of 3+ el A,
o s g9 4 mLE 91, 109 4T ol o

9mL A He H HAY §o2 22 mL YiTh AL 3



Particles size (d.nm)

B

0 0.0001 0.0005 0.001 0025 005 01 05 1 2 4 5

40

Zeta-potential (mV)
? o
=]

0 0.00010.0005 0.001 0.025 0.05 01 0.5 1 2
Pectin (%)

=
=]

Pectin (%)

C

=
=

=
e
.

——

=
=
I

Polydispersity index
l& -
(&) (=
1

=
=

——
——
——

0 0.00010.00050.001 0.025 0.05 01 05 1 2 4 5

Pectin (%)

a¥ 3-1-21. ¥" =0 ©E 2% FCHEFY AA=Z7I(A) 2 FAAFB), YAEAE(C).

O ¥ 3-1-21°4 Ho], 0.025%%t 0.05%°] HAdo= sge FCelEFS A A7+
=

650 nm -11 m o2 SAHIFYOY, 7|Erow F
Rnoz #AHY, F=7)

of wg zol7t A4 B

= z7
ehe RS Ryt gAAst BE dvks JEN 29e dE wHos 49

T AUTH

O Ax7A A dgE ol &3 7|EA I¥FTS A= =24 S4d8tE v+ FCH
X5 FoHo| St A"S HAFAT] LA s 1“41 dHiAl Azt Aol & o
S3tazt st gul g2 Aot g2 ligand < linkerE ©olAY 3 &
SkAIE, Sk v Rk wpep o] S FHel f1A% J“E} |=¢} HEle] AFS o4
B kth

4. Scale up (10 L) o9 #Heol= FEXEF Ax 34 AH3}
O 1ahd el Al Al Z3g pilot scale(10L)9] | EEFS o3 FEfe]=7F H7FE A 2 blank
liposome2 & 1 A 7|7} 200 nmel A 300 nme] Z7] EEX=E YERHATE F3] dxlel

A ofs] ko

] el
O T3 B AEzA For|de] oulaEel G215 A FA 7
} =

3 epol =l Fe Aate]

EE 11;(4 ﬂi*wﬂ

Z Q3 plant scale®] <

w5 Ade A
Zo Zate] WAHE o

HAste] ol Herol= o

= 31 plant scale?]

= Az T4 A HAH3E st Foh
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7b. o9 Heols Fxd JEFE AX

O & 10 Lo o]y FHelol=2 W6, 12, 24% w/v)E H7ste] &8s 5 @A
1%(w/v, 10 g)& A7bate] 302 Fob wukste] kA3 &3)A71th o] % High speed
homogenizer& AF&3te] 8,000 RPMell A 33t +tdetE Hastal, Ultra sonificators

Abgsle] 30% dgo g 387F 23 A E W)
O #HMelol= 2w 7} Z71a4E Qo] A7|E= Z71slgth. B3] 24%o A= 2 mme A7)
2 Jehilg L, 12%01A4 °F 1000 nme 712 JelT) o= 7|2H o2 pilot T+
oA Az A 2k 300 nme] Z7)e] ul&] 3 AE =713 Ayl Pdl e 0.2-0.49]
SR REEE ehle]l 9% 47198 ¢ vk 3-1-22).
2 b

4000 :
- 0.8 g ok
= 200 S
> { us - 4
2 = B
= 2000 1 = 3
= 1 0.4 z &
2 3
z -
= 1000 1 &
- : . 1{ 02 3 87
m_ B §
o * 4 i 10
6 12 P 12 »

Peptide concentration {%a) Peptide concentration (%)
a9 3-1-22. i FAA Al o9 HErolE FEVF A2V £ AGgAA X FF.
High speed homogenizer : 8000 rpm, 3 min, Ultra sonificator : 3096 power, 3 min.

©) };1 Q—l]:;_q Oﬂ }\1 20121501] %E@‘ ]4’11—:_}21 %37‘:]_— HO]—?_]_- 7]_0]53}_?_]_ Oﬂ }\_1 Xﬂ /\]é‘_]_’ IH‘%?_]_
submicron§}A¢] 7] WFo] Hejrkw 5ol wpHle] FuhE wolvW ol Y:mF

faic)
w
|
T
DO
«L

ERubA] e okoh(
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6% "eptide

12% Deptide

24% Peptide

19 3-1-23. AFARAL d oy HAEol=

High speed homogenizer :

& oy HEol=
27604 12%¢]

AA =27 WstE #

H oAAE 1%(w/v)S

[

2

oo Ty Jp
2o H

oo oo o

(
=

igh speed homogenizers

1318 aE

2

mN

gh

o ff ot b 30 om 3R

)

Bt FToor O If He
I

R

o

5
=
it

4

o
T
X
l:li—ﬁ

o

7k

rl

o B SLo§2 Hl

o W, HF of

‘ﬂr(Ll"/‘ 3-1- 24)

8000 rpm, 3 min, Ultra sonificator :

AL-8-8ko] &
, Ultra sonificator® A}&3te] 30% d#H oz 387 23 #+23}

So @2 Au7A B (x400).
30% power, 3 min.

Az
Z’:dii

L°ﬂ
A=)

A}
=

o}

3
ol

2% & g FAAE Al
Zaka oly Feol=E 12%(w/vV)E H7}
A7 sk 3 Qb nksle] kA3 &S| AI i) o]
,:_Oﬂ k2l (4,000, 8,000, 12,000 RPM)olA 3

e
g #%
Fetaith &

Hm

Particle size (nm)

L

z

Homogenization speed (rpm)
a9 3-1-24. AFEALL A T2
Peptide 5% :

| | . ._
u .J 1 1
4000 B0 12000

1296, Ultra sonificator :

Zeta Potential (mV)
- %

-18

Al B000 i1}

Homogenlzation speed {rpm)
9 %7 YA L AGAY HAE g
30% power, 3 min.

Z
S

o

-

I

= Zbe] fe

o
I
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4000 RI'M 3000 RP'M 12000 RI'M

a9 3-1-25. iZFAL Al A7) Y SE wE 9 #F (x400).
Peptide 5% : 12%, Ultra sonificator : 30% power, 3 min.

33%

2715 #ol FAY. & 10 Lol o3 FHElo
A A ' 1% (w/v)& H7Fske] 30 &<k uhbele] s &A1z
Tt} o] & ngh speed homogenizerE AF-&3o] 8000 RPMol| Al 357 =

a1, Ultra sonificator® AFg&3lo] A= 2(20%, 30%, 40%)°] wpeha 3&83F 23 F A3 =
pZs

ﬂéﬂoﬂ 3@ 3l= sonification A ElE AA Doz A A7)E | mm= 5L
4 & B AA Az HAq skA T powerd wE A7) WstE YERUA] Sk
i, AeAS #E sdstA vEw s 28u 1 mme] A7]E A A71E 186
Aaid = 12 A3 A dFALel = 22k Fdo] dadhs Feld & AATHH

o 1 0 : -
8 -1
g z
£ E
e ik =
= 00 P = B
o | _ B E
b | S TR A X I
= ' &
e ¢ 53
a z ] 1
B =
] ] 10
M 40 n 3 40
Ultra sonification power (%) Ultra sonification power (%)

a9Y 3-1-26. AFAA Al 2& ¥ A 7] (ultrasonification) power7} FA=27] 2
A A v XE= F3. Peptide X : 12%, High speed homogenizer : 8000 rpm,

3 min.

O @A oA BAE AR L 1 A7) w3 FA7) power o 14

o] z}ol= EF}A k(2 3-1-27).
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20% 0% 409

a9 3-1-27. Y FAA Al ultrasonificator powerd] W& w7 #AZF (x400).
Peptide % : 12%, High speed homogenizer : 8000 rpm, 3 min

5. Alz& o ©E blank L HEelol= FEFS FAH Ax TA
O Az &% e plak ¥ HAgol= HJEFY Az &3 e FF Az 248 &
3% 3-1-109 7] A stk

# 3-1-10. blank B XF R HAgolE X Fo Ax 2 AF =3,

. Treatment
Treatment Condition .
time
Primar 4,000 rpm,
v L High speed i .
homogenization . 8,000 rpm, 3 min
o homogenizer
condition 12,000 rpm
Secondary 40 W,
homogenization Ultra sonification 60 W, 3 min
condition 80 W
3%,
Peptide . 6%,
. Concentration
concentration 12%,
24%
Storage . .
o Refrigeration 4°C 4 weeks
condition

O Blank ¥ HElol= glxFo] wd =7, Heol= T AFEF w2 AxA7], pdl,
A9 o] o] wjx EAF B =

O 1, 2a #AANAE Ax §Fo
3.2.™ (p<0.001), pdl% 22 A Z7 o)A xﬂz_%%k% xﬂsqo}m_t o] ™ OQJE CRSE:!
2 JFgFe vAA FATHP>0.05). FEol= wol| wEtA YAEFS AXIIPS U
AAx=Z7] L A el FEIE FETL 7}% aA WAZ*OE FFSE TR
(p<0.001), pdlell & ooz o
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¥ 3-1-11. Blank ¥ #Eglo]=

HEXFY 72 ZA, Hegol=E F&, AZLEFH

AR=A 7], pdl, A EFA S F-value.

rl

Particle size PdI Zeta potential
) Homogenizer speed 359.83"™" 1.77 418"
Primary - s
L. Manufacture scale 392.93 0.29 33.73
homogenizatio
. Homogenizer speed v .
n condition 11.28 0.99 2.96
+Manufacture scale
Ultrasonificatior power 10.93" 2.29 18.18"
Secondary
L. Manufacture scale 3255.50 35.62 57.02
homogenizatio
.. Ultrasonificatior power . e
n condition 5.44 0.81 12.53
+Manufacture scale
Peptide concentration 673.82"" 0.62 53.71°
Peptide Manufacture scale 555.56"" 0.72 1.97
concentration Peptide concentration o
148.47 0.69 0.56
+Manufacture Scale
“p<0.05, “p<0.01, “p<0.001.

O 14 #4 =4 3 AxgF] mzt A4 =7 D A A9E FHG AAE 79
3-1-28¢] YR AT AdbAQl 4= 7]+ 300 nmel Al 450 nm Akolell A gz Fo] &
gegom, 74 57t FAA5ES QA fAHon Fasgov], Axzg o
Fhe5E 9Aas17t Sk Adot et PAge #d S0 31355 g
role 4Re wA AEAS F42% 100 mL 992 Az o #ASES} 5
Fatol weba foldow Aergel A ghol Z7ha9lott 8000 rpm, 12,000 rpmel
NE #A%E B §24 Aol molx gt
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A 2000 -
Particlesize ™ 100mL 1L 77710 L
Pdl —e—100mL --<-- 1L - 10 L
E 1,500
= 0.4
]
e _
o =]
5 1,000 5
=]
E - 0.2
g, S00 - % . Ga . )
4000 8000 12000
Homogenization speed (rpm)
B
100
E100mL O1L 10L
80
60 T— i

Zeta potential (-mV)
o
=

NN

MA\\E

4,000 8,000 12,000
Homogenization speed (rpm)

Y 3-1-28. ¥EEY AZEFT 72 S50 B2 A7 (A)S AR (B)

“Different superscript letters mean significantly different between homogenizer condition at p<0.05 level by

Duncan’s multiple range test.
ACDifferent superscript letters mean significantly different between manufacture scale at p<0.05 level by

Duncan’s multiple range test.

O 2% #4 2d % AZEIl wet 9% =27 R A AAE FHE AHE 1Y 3-
1-2000 UEhRRAT 2% W F AAHOR A E gragon g 3 A
of FHgel mhet YAIE grastgor], Ed Axg el T ek G427
w3 Sbahe AFe e ol 283 #4719 probert Gole] FAAN 28
e Aeete ez A7 AR §Fol ADEE 229t GFo] Hojd Ao
2 Azhac =9 Axggel 10 LY W, o A% gl w4 pdigte] e Ao
2 etk Al A9 54 A, AxgFel el webd Fhse 43S ue
sowl, 4 Aol mE GAA/E folHQl FolE wolx grow], 40 Wel ule)

o4 AE A7 AR AnE mAvh A4 BANEL 17

60 WeF 80 WxH
o, 60 WS H7& zdos HAAs AT

=

m
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2,000 : - 0.6

Particle size mmmm100mL 1L 0L
Pdl —e—100 mL --<--1L =B 10L
‘= 1.500 .- S
= Biad £ Ne—— 0.4
= -
Pl —
@ -
= 1,000 . =
= é ................ : e eererrrer %
= f 0.2
=
[l S00 ah b abA
aB =B bB
0 ) L 0.0
40 W 60 W S0W
Ultra sonification power (%)
B 100
ml0omL O1L 10L

S 80

g

- aC aB

= 60 - - aB aB i T a?B

s E _

= ah

=]

R

S 40 |

=9

=]

—

4]

N 20 |

0 1 1

40 60 80
Ultra sonification power (W)

a9 3-1-29. JEFY AxEFH 2539 AF & dAA7I(A)S AEHE A (B)
“Different superscript letters mean significantly different between ultrasonificator condition at p<0.05 level by
Duncan’s multiple range test.

ACDifferent superscript letters mean significantly different between manufacture scale at p<0.05 level by

Duncan’s multiple range test.

o,
o)
[
uZL‘
S
ol
k1
S
g
N
BN
ofo
ol
o
olN
_\‘L
)
2
=
_Y}i
_>.:
AC)
(]
B
Lo
o
>
i
~N
rlr
do
Lo
)
o

H X
=2 Frretd o, AEr M= %iﬁ}% dfﬂ UERSETE AER S #he] A ddl @
o] blank #EZFo H||A AA FFAEA T Prototype typel = HEfo]| =& A X3}
o 3, 6% HElO]= T EFLS 430-480 nme F7]E YEMA I, 12%9} 24%°]
%94&13; S7Fee Aol YERTH(p<0.05). £3] 10 L @] Az A e}
g 24%0°1d H7teA & P27 1 mm olFe® AA F7hstdomn, ¢
O]—? A Ao M= 24 /% ALl 3,6, 12% Al 7FA o3 HEolE FEE A
et A (1" 3-1-30).

b

£ooff 32

émi

&

L oM e

}

i
ol



2,000
A
= 1.500
=
el
o
-
% 1,000
>
=
2
-
& 500
0
30
B
=
£ 20
g
ot
=
3
2
= 10
R
@
N

29 3-1-30. BEES) AZLET A= v G2 JA27(A)S} AN (B)

“dDifferent superscript letters mean significantly different between peptide concentration at p<0.05 level by

Particlesize HEE 100 mL 1L 10L

Pdl ——100mL --<+-1L - 10 L

------

......

Peptide concentration (%)

0.6

0.4

0.2

0.0

H100 mL O1L A10L

alk aA

3 6 12 24
Peptide concentration (%)

Duncan’s multiple range test.

ACDifferent superscript letters mean significantly different between manufacture scale at p<0.05 level by

Duncan’s multiple range test.

of A=A ek At flel FEtel= smok Az &7, A
] u A

g ATE E 3112
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¥ 3-1-12. Hetol= FEFY HEolE FE, AXEF, AF7| 7t 2
AA=7], pdl, AELA 9 F-values.

Particle size PdI Zeta potential

Peptide concentration 576.14"" 0.01 223.87
Manufacture scale 530.09" 0.23 107.94"
Storage period 18.13™" 897 110.61°"
Peptid trati

eptide concentration e 0.39 3894
+Manufacture scale
Peptid trati

eptide conce‘:n ration f— 136 14.99"
+Storage period
Manufacture scale . ok

6.25 1.23 25.32

+Storage period

Peptide concentration

+Manufacture scale 6.11°" 231" 10.37°
+Storage period

"p<0.05, “p<0.01, *p<0.001.

O PRI E AZ§Ft Perol= FEsk FAF webd FoMo Frhss 4Fe
ngom, Ag71zte] Frbael mebd Fastgith A= AR7Izte] Fobael w

@A FHEHGTh 10 L §302 ARAe 0 4371kl webd] 43717 g2k
ouh, Fe)Hel Aol thehtA aksith AlE A9E fetel=F 3 6% AskAL o
AF71zke] Skl wEkd fodor Frlete AES Biow, 12%0ME AR

Gl mhe froldel Aol ehbn gk Fdow Aus AdeuA 12% B

210 L2 A%F dEEe 357 o4 A Aol Ba%ol WAz Ko
2T oz AZHol 6% R o3 Hrhol= YxFol Aoz gl
A o=z AzZtEi(1yd 3-1-31,32,33).
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2,000 0.6

A Particle size mmmm 395 6% €277 12%
Pdl —e—3% e 6% - 12%
’E 1,500 |
= 0.4
-¥]
o e
wn - - =
= 1,000 é i T =
.E .“_“_.-i-'-
1: %__‘...F" 0.2
2 500 | ah bA
aC a hC oB
0 i | 0.0
0 1 2 4

Storage time (weeks)

H 3% O06% 12%

cB
L L aB A aA bcA aA
J_'—% I—'—% I—‘—%
0 1
0

Storage time (Weeks)
19 3-1-31. 100 mLEH = A =3 HAeo|= ZEFY APV Feol= gxo] ©E
A2 71 (A)9h AEE 9 (B)

“Different superscript letters mean significantly different between peptide concentration at p<0.05 level by

[
=]
T

Zeta potential (-mV)
5

Duncan’s multiple range test.
ACDifferent superscript letters mean significantly different between storage time at p<0.05 level by Duncan’s

multiple range test.
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2,000 0.6

A Particle size mmm3% 6% 12%
_ Pdl ——3%  --<-- 6%  —B- 12%
= 1500
£ 0.4
og ’_.-"'._'"-._.,-_-; - ............... E
w0 - ——— -
= 1,000 ol S T
- S — ah
)
= bA 0.2
2 s00 | ba{ abB| % abp < ah dA
aC i—'—é bC % # = Z
0 i _ é I é | é 0.0
0 1 g 4
Storage time (weeks)
B
30
m30% O6%  B12%
aC
—
-
=
<20 ¢
E
—
§ cB
=)
n']g = aA
E T aA
=¥
N
0 1
0 4

1 2
Storage time (weeks)

a9 3-1-32. 1 LYY =E A= HFeol= JEFY AZA7|2HH HEol=E X o
ARZ 7 (A) S AELA Y (B)

“Different superscript letters mean significantly different between peptide concentration at p<0.05 level by

Mt

Duncan’s multiple range test.
ACDifferent superscript letters mean significantly different between storage time at p<0.05 level by Duncan’s

multiple range test.
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2,000 0.6
Particle size W 3%p 6% 12%
A .
Pdl —e—3% | <+ 6% —B- 129%
= 1500 | T
E 0.4
=
-p— . - —.... o
% - =
= 1,000 T
é { aA
& 0.2
2 s00 | .
0 0.0
0 1 2 4
Storage time (weeks)
B 30
m3% O06%  @12% s B
5 bC
E T
L2 6B
=
= ; 1
a
5 aC
St
g. B ah
- a = A i
3 10 abA abA CI_F\
= [ ]aA
N
0 I I I
0 1 2 4

Storage time (weeks)
29 3-1-33. 10 LE 92 A=xd fetol= xFY AR7H PEolE FEo HE
d2=27]1(A)9+ AELH 9 (B)

““Different superscript letters mean significantly different between peptide concentration at p<0.05 level by
Duncan’s multiple range test.
ACDifferent superscript letters mean significantly different between storage time at p<0.05 level by Duncan’s

multiple range test.
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6. Pilot scale 93 HElo|= X F A F2 A3 =7
O AA dAZNA A&7l del lab scale®] o3 Fetol= g EF3 #7t
ato] 4R dn A S AA ST
O oy FElol= FEFZ AXE 91s5to] d A€l (Metarin P, Cargill Texturizing Solutions,
Hamburg, Germany)¥ o3 3]e}o]=(Naticol 4000, WEISHARDT International,
Graulhet, France)E AF83}9 3L, A %3 o1 Felol= g X2 EFS FH7str] H3 /4 o
(19 3-1-34)2 o dl 23 (Goheung, Korea)ol| A #|& o} AF-83}] T}

%L

o
(ot

=3
==

!

a9 3-1-34. A dA AF TS F2 F2EEFH), A A

7+. %9 o)y Helol=r} Yy HYEE Az
O ol9 Fetol=g} on Fetol= PXE AZZ 9§ Hfeol=e Fre AAsu %

3-1-133 o] AN Hepol=e] Fwrt 7185S QA A7) blank liposome
o W&l = }ab AL & & AAT 58 12%7F "7hE o9 Feol=e] A$ 500
nme] 27) % wrol e 2R AVt SAbehe RS & S AT

O Aetdg+= blank%]X}?J A3 @A "ol AYal 4= phosphorous®] o] stz 73k
Aekake e 548 moly oy feel=rt £3d Ae Ao 49 2 Ak
ol Wolq A & F Ak olm Wetol=oh AgHe] HA- AU = 57
s} gkol o] Wabgol Wolx Row A7 ot AFEAA i BT

=
z7e 9A Aol B & o Az,

¥ 3-1-13. 6%} 12% o3 WEfo| =7t Soizt AR o|sety B4

Particle size (nm) PdI Zeta potential (mV)
lig’égg;e 1389 + 5.40 024 + 001 5503 + 0.72
Lipg:/%me 206.8 + 3.12 0.18 + 0.01 6,06 + 0.37
Lipl(fs%me 513.9 + 22.20 0.16 + 004 580 + 0.63
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o 9 B4
A= YA =7], Pl (polydispersity

[e]

4 2

il

O]
p 8

}

°
il

3-1-14° “}eRR ST}

7F

H=2 37t
= A

O ol ol

of Aer A9l dojgte] 50 mv o

Mo
B

E

p—

o A ®

ool
=

=

A
g

-
X

Fx) b A 23 o}y HElo]= g

o

2 =717} 2,200-2,600

AR A7 E

ko3
T

Ao B

= %‘EE% i
Akl A717F Eabds vebdo] 06-0.791 &

]

(e]

g}
L ER AT

1

H

o1 o
o -

]
nme 7|
=3

A

—_
fi%e)

29

O

eI

[e]
2 A9 B9 x =7]7F 2F 2000 nm ©] Aol

(mV)

-4.27 + 0.16
-2.45 + 0.36
-2.21 £ 0.53
-2.90 + 0.09

Zeta potential

PdI
0.68 = 0.27
0.74 = 0.19
1.00 = 0.00
0.22 + 0.03

o
=

H

o]
670.8 + 15.28

1647.3 £ 56.61

2240.0 + 241.20
2697.7 £ 9547

¥ 3-1-14. A5 4A =Z7], Pdl 2 AEAY
Particle size (nm)

=

=

M o] etel=

bl o]+

o]
W Pdl gto] 0.3 ©l

3% peptide

6% peptide
3% Peptide Liposome
6% Peptide Liposome

ﬁo

o
i

t}. = blank ¥ E

3-1-1114 Yepd Ao}

Ay A
it

-
.

o] Ak =27

=)
T

6% ¢

}

0
pad

7}

J

o

2 &8 AFx A

o
T

1
T

P e om mel, &

[<]

8 fekel =7t

2 D9 4 =71(¢F 600 nm ©)

& dxke] 27 7F A
(¢F 500 nm)&} H] ==

O ol =t

<
T

1

;OE
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o 9# #F 9 AFAZ E sedimentation A+

§tate] 4

e
T

Ak 112

KeN
=

=
1=

s (2

KeX
=

sedimentation

Az

o
=r

-

3-1-35). o3 FEto]

et Aot o9 fEte]

A

1

25t

[e)
= ¥

}b]_

2 7} ekE= sedimentation @

=9

=

Ao A AlFko] 4550 o2
dl, dled o s 6% g HEto]

o] 7heFetA]

=
3

O

)

-
R

creaming

Ay
s

g glol 7HE 7149l A

w7

o]1} sedimentation FAE ¢

X

6%2] peptide”}

ARES

g8l

il

A

o

plant scale

A: 3% °]9 FHEol= B: 6% o9 HElol &,
C: 3% °o9 Heloltrl €A FEE, D: 6% o3 Heol=rt z¥A FYEE,

A 717

2t

2 A7), Pdigt Alek A& A

o]
H

FAe Rl
3-1-159

Theh

=)
“

A=y e)
YESFS

l
=N

=

O ©}3 HAeto]

T™H

)= =
=

YA A7

LHERU 9101,

3-1-36,37,38,39° EFU AT

O #74 &&9

AL

o]
I=]

FoH FEeAA e

-
X

2]
, 15237 A =

ofAlaL vk

oz
=

)
= v
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O AF 7|7t &<k BE AsoA dAA7|7E THaste AdFs B, ol oA Hol
wHkel o] AlZko]l Aol whet §F dAfolu A Eo]l wAste] A AV 7F A
Aow AR o fAeol= AEES AR AALR A9 A% AT F 94
=718 Wakrh Aol gilen, o= 2 Wst glo] glEFo] fAE Aoz ARdEY.
2 A= B A8 94 R uel Ads Aol vlszgt A3 yElon, A
A 717be] wE 2 WSl Holx gkt

O o3 HArlel= HAXEL WAF KALRE AAAL W, A7 T YAAA o=
S oW HEEA gt 273 o FRE R BEEE vEe] of A%
B drEe 4ol Bagan Ao Azdn

¥ 3-1-15. AF 7|3t & PA=A7] Pdl € AEF A<
Storage (week)
0 1 2 4
D (nm) 2878.33+136.96 2551.67+172.11 2525.67+14.29 2081.33+108.70

ExF PdI 0.19£0.06 0.28+0.12 0.27+0.02 0.25+0.01

z-potential (mV) -2.30£0.26 -2.66+0.35 -2.34£0.13 -2.58+0.32

6% D (nm) 2273.33+64.05 2055.00+160.18 2181.67+21.96 1260.33+165.85

%E}:]C PdI 0.32+0.04 0.19+0.07 0.09£0.13 0.23+0.07
o z—potential (mV) -2.43+0.05 -3.44+0.39 -3.78£0.54 -3.26%0.33

6% D (nm) 2573.67+306.44 2317.00+97.78 2527.00+£112.97 2598.33+158.18

Helo)=  Pdl 0.310.02 0.25+0.21 0.25+0.21 0.40+0.08

-g X z-potential (mV) -3.43+0.41 -2.79+0.28 -2.18%£0.12 -3.32+0.22

6% D (nm) 1248.00+200.00 1260.33+165.85 845.03+19.97 562.97+54.85

4 Eo& PdI 0.24+0.08 0.48+0.46 0.43+0.06 0.38+0.09
= z-potential (mV) -5.34+0.30 -4.75+0.46 -5.20£0.21 -5.05+0.29

O AEAHoZE FA 2 oy Helolu=xnt H7te = A5 Algbel] mel tAE YA=
715 Yetdaz, oy Helol=rt Y G EF AAE Al wel dxe] a7 A

WA TEabge] Hil ol AYAQ UEEF A Aom AT 4 Uk o)
HEfol =7t = EEol Hr7tE FA9 A= AR kA H oY 47 wE AR

aggregation®] o}
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Imtensity (Percent)
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7. o9 HAEelol= FYEFY scale-up AXFH FHE &L AAFA 4
7}, o9 HElol= T X F plant €F AAL A3 Al &4
O #q7]q ol Fe] AFFefel 1Y AakaFol 6% o9 FEefo|=5 H7tsty
g etol= g EEe] AAES Aste]l Daste] A&3 Hi JE S S8 A
S ZAF shduk ol thE AR old) =F(E 3-1-16)°14 YER T
O dutAel 52 AHss “FAF"Y 4¢+ W PETZ EZHY 3 IF9G of
Lo ofo] Soj7ta 1Y Aakge o 007 & AAkste]l Ha ArbsFs

r
(3

f
ot
o, 2

)
—
~
S

£ 3-1-16. F71d < A DY FAAN Baste 14 FAF B4F 2 78 AF FR

A& Lag Lag
A A E X3 WYPET el
&2 120 mL 180 mL
AA #HAa
AL 05 = 05 &
AE1Y S
A2 O] 19 Aatek 14,00078/120 mL/< 10,00071/220 mL/<
H A 7,00071/120 mL/<¥ 5,00071,/180 mL/<

Ao of3 el plant BF AES A T AL GAE
Astel #9 wAE AFsch Aarerel L AE YA obele] Y 3-1-405h 2
o BFANE oy WElel= EE FYUAE AW 9e =Y Ao AYssivt
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3¥ 3-1-40. ol €4 F9 55 A4 A4

Y. o7 feol= 2 EFY scale-up AX R o|& HIE #A 8 AX

O 12% w/v o]y Heglol= & 5 Lol #AES 1% w/v d7F8e] 500 rpmoll A 60+ o]
A wwkA 7l & thE 4 7] (WSB70, Waring, Torrington, CT, USA)E o] &3Fo] 8,000
rpm o2 377+ A3 )

O o1 Fetol= XL plant scale A&5 Fal oA F] 55 TGS o] &35
o} ZEeE 2 AHs 7] A(SPS-R380, S-Pack, Daegu, Korea, L9 3-1-41)°] A <
7122 5 kg = 5 LE EFS & Awtel 5 Lo 12% w/v ]3] FEelol= & 5 LE
ZhstRem v 5 Lol 12% o3 HEol= gEEFS Hrbste] Z2H2HE 98T elA 3
oA AY Astdn 2e A A TAVIAIE ol&ste] 7 555 120 mL & %9
-2 FE 2 EFSATH207H/1%).

?
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7

= AFENe B =

$ 5 22l AT et 25 Aot FREAL cAHeE to T A7
g ogolm B APl e AnE ERR fAFFAN £F F 6% Were= =
g slmEol 4% AF A 447t gEo] 12%9] Wepol= Gl J|Fom Az

AL BAHANA AA WE 0589 RE AR ABSA @3, AF §o] 10LE 7]
Foz ste] ol ¥1-59 EFUE 7|FCE plant lineol F83ke] HEbol= F4 o=

SR LT

o 3-1-42. £ ¥ 714 4.
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a9 3-1-43. 19 HAetel=(A) # HEEFB)E H7F FAH(CD).
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ag 3-1-44. ¥ 34 #A.

glol (Y 3-1-44)7

<
T

98Tl 3

o
T

(g 3-1-42)

Ho

¥ HAFAHoR Axd AAFoIH Y 3-1-45,

2

VA y 2 o
CEaCR-

120 mL).

I

-45. HE}o

a9 3-1
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Y. o]y HAgol= Z A3 §2 & 79 o]FTH EA
(1) 19 HEol= A 42 FHA7E fA 59 9F
O 47 &<t W4 Hadk 74 555 A3E 29 3-1-46° YEsde. At
AaEglol A &5 F oA wEEo] slErgre AL B}
St dEde Bol= 2 2% D AR 71eH 714 A6
sedimentation¥ = < & F+ ool A pilot scale® A %3 Algo] Ao =
d FEE AFS ) Z A Ao w AARE BAFRAAS ekl Aabel o}
A Apol7t v Ao 8 e
8T

i
— ot
N

fr o

°
32
e X

O %7 FA(MET)S A% Aol ek ngBol ohw Ao AL B 4 Ak 4F
Fole 45 PRol ) FHsA bt AL ¢ 5 AW, ThE AR HF 3
Aol Fom FRANA ] Astel Feluls] Aetsick

Y 3-1-46. Plant scale®Z A Z3to] 4F3F 4To|A HAT
oy HeolE B HEEFS HIME FA S5 9,
Al F2 SE(UZET), B: HEol= H7F f2 &8

C: Hglol= I EF H7F & &8, D! gEF.
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a9 3-1-51. AR 717t & YEXF(A L)Y A%,
A: 0F, B: 15, C: 25, D: 4.
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(3) 7+

O

d A BE oy HAgol= A YEFS HME F2A T8 Ax H ARAE B
ofs) setol= P elEFL HAAF Fa4 e AR =21, Pdisk Aek AUE AY 7|
Zhell kAl S AxE 19 3-1-52¢0 HERU AT
P27 BAEE gRE D T 2% oyt BaEs vie nglo, o9 3
Elol= 2 2F& AlsolA 98T, 3 min AEtle W 7k At vlasis 7HE FA47F &
= AES Bl
7td AHel F RE AlRCA AE AE 2 Aelvt fldlen wEka] I o] wE 1
Rogwde] Wge 27 dojuA ke Ao A7, sk A wawste] Y]
7} F7Heks
A500
OYuja mYujat+pep BYujat+Lipo ® Liposome
2000 -
)
=)
+§
S
2
v
=
o
Control 65T, 75T, o8T,
30 min 15 min 2 min
Storage time (weeks)
-
=
o
E
=
3
=
=
3
OYuja B Yuja+pep 2 Yuja+Lipo H Liposome

Control 65T, 75T, 08T,
30 min 15 min 3 min

Storage time (weeks)
a9 3-1-52. Adzde BE FANREY 44 27 L Aedg Az
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(4) Az £F WE oy HAgol= E IXEEFS HI/IS FA 28 0|88y 54 vl
O olA7tA ¢ &=Fd =2 7] A JdAA7|E vl EA e WES 3 3-1-179 U
E}l Wit} blank liposomed} H| w3t S W], plant scale® #|Z® YAFe] =77} <F 5uj=
T7He AS & F Adn o= HElol= I® fFFo wEf A7) Wt JFS FUIE
AW g FA o 2 39S 49 ultrasonification®] A7 AE L& AE AR dA e
of wel PAF A7]ol FEFS v A 12 vfo]la2 2 ti F7FE AL
O 3tAIRE Heol= IH® gEFo] H7FE plant scale®] F2F F29 A5 dAke] =717}
lovtelag s FxYA A7 B thi YA YES T
E 3-1-17. Az &FE FA, Aol {1, HAE ol IY A EXF FA9
o|s&x EA vl
= A A
g JEAREE a9 oA 9man e
= HEo A Av ° (nm) =
g3 . A= FF = o (mV)
Pilot 286.00 0.3 -354
POb Bk g - 10 g : -
scale Liposome +8.86 +0.03 £1.70
) 2878.33 0.19 -2.3
Yuja - -
+136.96 +0.06 +0.26
Yuja+ 60 - 2273.33 0.32 -2.43
Lab Pep : i . 16405 004 *0.05
scale Yujat 2573.67 0.31 -3.43
. 60 g 5¢g
Lipo +306.44 +0.02 +0.41
) 1248.00 0.24 -5.34
Lipo 120 g 10 g
+200.00 +0.08 +0.30
) 2223.00 0.39 -5.36
Yuja - -
+69.07 +0.14 +0.96
Yuja+ 600 - 393 2883.67 0.44 -3.15
Plant Pep & (120 mL)  +101.50 £005  +0.40
. 10 L 0.5 ton
scale Yuja+ /¥ 1444.33 0.18 -3.27
. 600 g 50 g
Lipo (180 mL) +£115.42 £0.05 +0.18
) 1652.00 0.93 -6.41
Lipo 1200 g 100 ¢

+183.77 10.12 +0.93
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©)

O

A4 FAL AT %3 &9
%

pH 3 acetate bufferg Ab
3 YEFS 11(v/v)E stirrer )
3% dolol BgEFS Axsy] fs =7 18 I EA- FEefol = g EF(CHI
Lipo)@} 7}2}7]H(Car, Sigma, St Louis, MO, USA), HMP(High methoxyl petin, Sigma,
St Louis, MO, USA), SA(Sodium alginate, Sigma, St Louis, MO, USA)& A}-&3lo] o}

F% Aeols AnEe Azssin.

7}. Pilot scale(l L)¢ 53 o9 HAgol= JEXF AX

©)

©)

pH 3 acetate bufferg AF&3sto] FEHE A X3 7|EAE &4
F YESES LI/V)S® stirrerg AHEste] 147 ¢ £33 36t S5 .

3% #Holo fEZFES AFxsy] A8 =7 A" JEA-o9 fElol= 2] & (CHI
Lipo)¥ Zheb7ld €948 2:101(v/v)E EFste 52 FA4 s

35 #eolol YExEFS Axe] & =7 AAHE JEA-o3] o= g xEHa)
HMP (High methyl pectin) €S 2:11(v/v)Z &E3ste] & Ao

3% #eolol YExEFES A A& FE7F AAHE JEA-oy JEol= g ExE
Sodium Alginate & H& 2:1(v/v)E E838te] =& FA 3}

A= EA 7] (Zeta-sizer ZS, Malvern Instruments, Worcestershire, UK)E ©]| &3}
Hefol= gz Fe] da A7) 2 Aer A9 s 457 ¢ S8 o] W &2
& 33] WHE Al ggsdTh

o

19 3-1-53. 7| EAt 356 WE 7| EA o]y HElolE FYEE,
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o AL A GRT] L A
O W% ARSAL W ol HAetels PxF 9

=45k obdl 1% 3-1-540] ehich

O JNEA BRI FARSE @mEe QA sk Srhsgon, Aek Ane A,
7} 0.1% ol os ety o ol MBS 2 Wshsh e ersteh ol
A AEse FEE 01%2 sl 4P Adar

O WFMAOIA thF vhe FH/ AT A agelAsh v 2s)sh F

< Lab @9l yehts @33t
AR A3bE YERT B3 T EAY] H A eeE dotR 7] ffs) A=A ek A&

Mt do

-

=

w2}

A A

B9 geol W Fad ouE AAdch AEe] Fole AT Fvl AYRL P
277 AReA Hel AsA A FEES golFolol shzul YurAow AE gl
WEE ¢ 9 2717 94 @ ARe) FER Fon 44w,

5,000 - a0

4,000

J{ | 1 T i

size (nml

d 1| { 10

]
=
(=1
=

(AtD) [Ronusied-9

1000 F

+
0 -5
(IR EE] 0.04 .05 0,07 (R E] o1 115

B
Concentraton of chitesan (%)

29 3-1-54. 71EA 5Eo 4 4427 2 A A9,

O t& 19 3—1-55 Z+7}F Car,
@ DEF 9Be Ao,
A9E AMSAT SBoR

%

gl HEA YA AL

HMP, SA 1% &< 2 g xL3 533} S
s 19 3-1-5600] 7 §de] {Ix Al
Bk uf HMP7F 7H8 ®4ke] & Bo= HolH o
nE o

= o=
ZEEL T »Agi]:]’.

a9 3-1-55. A: 1% HMP &<, B: 1% HMP &85 H7Ig 7| EAL
C: 1% SA €9, D: 1% SA €925 H7e 7B 29 HJEFE,
E : 1% Car €9, F: 1% Car €945 A7l 71EA W EF -4 9

HJ
)
H
o

0

fue)
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O the a#=(2Y 3-1-56)9] 1% Car, HMP, SA &19] <1z} =17
Uodth SAgR QIxAY|7F A7) 7 YN AA SAE A9t

o,

slze

N

B - |

1% HP 1% Alginata 1% Car

9 AE A9E U

= L
o F 49 AP

138 3-1-56. 1% Car, HMP, SA €99 dx =7] € A A9.

O v (¥ 3-1-57° 7te71d 3 HMP & 9S == gxFo| I’ 35
gojofE FAS g xF A A7), Pdl 2 AELANE AAE A ey Ee] F9
0.25%° Al A= 717F = A YERSE =T olb =4 T ZEHE YA A= g
A77y =A e Aoz AztErn E=g A #AlEE L}E}Lﬂ—t— Pdl kel 0.25

5
T

/é‘é‘

o

=

HMP=Z 7} @A YEbsor 4=k XJH: Fheb71¢ Bk HMPE
o) zto]l o =4 vEwth o] E3i4] 025 HMP ¥ g2 ES
AR R = =
A :-.-" Oe
_T[_ -
[
i L
- |
B

0255 Car 0.85 Car 15 Car 2% HMP 0.5% HMF |3 HMF
Lposome  Lposome  Lpeseme  Lpogoms  Lyposoms  Lgposome

1Y 3-1-57. Car, HMP, SAS x4 =2 £33
GdEZ9 JA=7], Pl (A) 2 A A9 (B).
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g AxFd gE Y= v

O thg & 3-1-1844 dole] =Y 5ol We ZFL wasdrh B Az BEL 10
o % =

L2 ko] Azetel vlwstgon], 7 Amel %7 44 27), Pdl R Ae A4S va
St
% 3-1-18. dolo] 2 5o WE PYEEY W
Lab scale Plant scale
0.1% 0.25%
2% FC 0.5% CHI . 0.1% CHI
. . HMP Liposome . HMP
Liposome Liposome . Liposome .
Liposome Liposome
AZx &% 1L 10 L
Y AR &

- JEol= 10 g 5g 333 g 1200 g 600 g 400 g
A= 20 g 10 g 6.66 g 100 g 50 g 3333 g
I EAL - 25 g 166 g - 5g 333 g
HMP - - 033 g - - 833 g

470.48 1208.15 1089.54 2774.33 3332.67 2935.50

A= =Z7]

£65.54 +523.32 £198.37 £163.10 £415.32 +743.17
Pdl 0.37 0.74 0.93 0.33 0.42 0.22
+0.02 +0.09 +0.35 +0.02 +0.14 £0.10

P -34.89 30.54 -39.54 -2.38 18.13 -7.03

+2.54 +0.87 +3.43 +0.08 £1.72 £0.70

9. o}dAl A olF FEEY v A& masking 243
O 1z dXxelA F3Pd = A=< =
3 ofm] o] FH7} WA EkA| o } FATFEE S R FEE AAY A"HW
< &3 &vdE masking A

O ofdA AHEH oF FE==9 ©l

el 38 7les A8 AlA A

O Emulsion-diffusion %3} b
Ais ZAY7IEs T Azt fA FEE

e
oX,
ox AT
8
7
.
5
(i)
o
Ho
ot
RU
o,
N
>
X
ofo
o
do
gljt
-
N

)

7} o9 HAgol= 39 2 Ax € £4
O Emulsion-Diffusion ®W%: polycaprolactone(PCL)¥} %] */iﬂg}o]_‘:j} =2 ol AE
ethyl acetate®} =H+E A3 E3td Ao FAZS 2
A5 Az H ohEre %“‘Tgr—’?% ol diffusions %E‘é}
2
H

ato] YA Az 3-1-58).
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O b-CD inclusion W2 A A=l CDEY

Orannic phase

{PCL, lish extract, saturated ELAL)
“Safurated ELAL with DJW a’ ,§
Saturated D.W with Erat — %

Aqueans phase

(PF, saturated water)

[ Stage of mutual saturation ] Stage of emulsification

|

) OW emulsion
¥ s '
R =
suspension of suspension of ;
concentrated NC diluted NC = Distilled water
| Stage of concentration | | Stage of diffusion |

a9 3-1-58. Emulsion-Diffusion ¥ H4H.

O
ﬂl il
(ot
)

Olr
o
s
\G)
>
L

4 Nl o3 &eElal FEol=s
stirring A 71" CD & <¢to & oJn] A E o] inclusion¥ o] ©]F %S masking? ZIth
(19 3-1-59).

+ Host: p-CD, 2-HP-$-CD + Shell: PCL (MW:8000,

(WACKER, Son Chmical, Sigma, USA)
Bangkok, Thailand) + Surfactant:
poloxamer 188

Fish extract
(Sigma, USA)

Inclusion complex Nanocapsule
a3 3-1-59. CD inclusion #*.

oo 7Vled WHoR A7|E F74%tth. UV-spectrophotometers &3 o3 &al 3
Elol=9] ¥ &85 =A3t} wavelength 358 nmoll A =A3sle] &5 38 §85
=7 gttt

TEME &3l g4xto] ' 5 2 Ak ko] ojal #2stsl
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o e YT, BEoF Sh wetk o] RE WA Fikse AS 2 & AN
EDS] 297k =8 f& A9l WelA: CDEG $58 Ao Almdn

X 3-1-20. olFF FEE& =Y WY &
encapsulation efficiency$} loading content (LE) A&t 3

Mass ratio En'ca'lpsulation Loading content
efficiency
(w/w) (%) (%)
b-CD:FE 10:1 87.26 8.03
10:5 86.56 30.21
10:10 85.32 46.04
10:20 84.05 62.70
PCL:FE 21 99.52 33.30
2:2 99.831. 50.04
2:3 99.86 60.05

(3) 94 Fv) B2

O 94 =™ ¥ FF IS wBASAY] A4 FRAAANALS Fa 9AE B
. adel A WAl Fowa
5 oA et e
B o] ALY 3-1-60).

O olol wra) ED= #23 YAte] ¢ PCLE
Atk WAH ez el Faolu A7)E B AFAI FAHd
B4 A% Avs el 58 CDel 4% 12 inclusion
(aggregation) 74 Fa %749 PAE GAsATiE AT A AT

.
B -

?HE‘-LXF:
® o >
- l’ %7‘_@*95

:1% 3-1-60. TEM images, first picture & middle picture: CD:FE (1:1), last
picture: PCL:FE (1:1)
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(4) &5 T3 I8 /4 24
O 17t A= t& FrdM Alxd ARE S7FF, 16%, 25% AT =7 fish sauced] ¥
Al EE2AHS AAEAYH
O CDEY9 AF AAAoR 15%9 ca=Eor €557 71 =8 dAHAA 54
BATH A g

=
T
fish sauceoﬂ A= UH-Or & Qt

8 3 Ao AolE fish sauceol A 71 A o= vrebykthar, 15%,
O

CD=Y Wol vj8) &t 2L AL S 5 AL
01315* ANRE B Fol| SaY AEFS Az Ao G He3T 5

o},

oHe AR

32

100
98 -
96
94
92 -

Retention of fish oil (%)
Retention of fish oil (%)

- DW - DW
15 % NaCl 90 | |15 % NaCl
20 +|-4-25 % NaCl | [+25% NaCl
88 .

—4- Fish sauce ~¢-Fish sauce
0 } } } } } } } } } } } | 86 } } } } } T T T T T T 1
0 2 4 8 10 12 14 16 18 20 22 24 02 4 6 8 12 S 18 20 22 24

Time (h) Time (h)
100 100

80 - 98

-~ %
= =
e =
<60 - - DW g 96
2 60 ol
ba B 15% NaCl 5
0,
: 40+ 425 % NaCl E 94 - 15% NaCl
.g -4~ Fish sauce g —&-25% NaCl
= v 92+
% 20 + é - Fish Sauce
%] WA+
0+ttt 0 2 4 6 8 10 12 14 16 18 20 22 24
0 2 4 6 8 10 12 14 16 18 20 22 24 Time(h)
Time (h)

a3 3-1-61. Effect of external phase type on the release of fish oil, (a)
b-CD:FO=10:1, (b) b-CD:F0=10:10, (¢) b-CD:F0=10:20, and (d) PCL:FO=200:300.
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10. A gFANA And Yx=4F 73 FFqE 5+ d= &4 AE
7h AF 488 U= AP d PEol=E JEF AR AT
O o9 Hetol= YExF YedAF 7 A AFEEE B A2 YEdez si7td =4
! lecitin, FEfo] =, EVHS AFE-SHC}
O °olF% YA A=A E, 7het7|d, HE, chitosane BT A EF4o2 ALEHE EX=2

? wYso|th

R

2 ofN

rd o
_IZE

U 18% dF 285 EY=E 3 54 A9
O vt o5 o] &dte] YAz Ax HAAS Al U= 77 Ad 5 A=
3 HE 1A A%E EYE MTT assayE AAIS § ofF A% 3 7tshA
AEL Blaste] Alx AEES ARt oM, 20% FAHHEolE S-S AlQleta
© 1004 80% ofste] Alx AEES e
O HNEEZEZ A8H ol F AR H7tetA 22 FAF 1P ENAE 80% olste] AEES B
As 8, feel=y fgEF 3 AlEsAHoz H7]= ok

l-lO

2D E AstA S A xsE L, AEel Salivags #H7Fshe] 37CAA 1&#
astric juice® F7}ste] 2A)1%F WS duodenal juice®} bile juiceE F 7}
skl ThA] 2A17F &9t WSS AlAY ZhZEe] dAlol A AES A3 St filter paper®

o] 73k Fof particle size, zeta potential, release rateE =73}t

N
o e
0Q }—‘

;

E 3-1-21. 24 A=

S Gastr juice Disdenal e Bile juice
Inorgane sobutson 10 mi KO E06 g 157 mi MNall 1753 gl 40 ml NaCl 1753 gl 10 mi Ml 1750 g
Joml K5CN 20 1.0 ml MaH PO, BLE g 40 ml NaHlD, 847 g 68,3 mil NabO0, BT g
10ml KaH, PO, 588 ¢ S.lmiKCING g 10l KH 0, B gl & mil KCTERGE g1
18 ml KasD, 57 gl I18miCal); MO 222 g 6,3 ml K1 896 g1 50 HC YT glg
1.7 mi Ka(l] 1753 gh 10 mil H 01 3006 g1 10mi Mgll; 5 g
20 ml MaMC0y 8.7 21 BSmlHC T g 180 gl MO TTE £
Dginm 10l ulun Bl Ueea 251 10 il Gluicose 65 g1 4 mi Urea 2551 10 Kbrea 25 1
10 mi Glucaranic aod 2 g/l
.4 il Livea 15 &

10 il Gl uodammine
Hydroch lande 13 g/l

Add 1o mExXPuSe Grpan + SO saleficn J90 mp 3-Amwlase | g BSA o CaCl, - IH0 22 21 10md CaCl, M0 2270
1% myg Uric acsd 2.5 ¢ Pepun | g BSA 1.8 g BSA
I5 ma Macin 1 ¢ Msxiin | g FaeTratn W g Bele
1.5 Lipaie
| EEs0O2 10 = DU i1 i

Azro 2 slo] AT R AlxH HEpol =t

BE 248 A% 99 27 P9 a7 24
A 27170 100 nmo.2 2] gk, 9 = A E 400 nmE 2717k ) 3
kel ofsi Al YA}712] aggregation® = o E Al HTH(1H 3-1-62).
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11. o9 Feol= 2 FEF ¥4 Y oE TEM (Transmission electron

microscopy) 23}

7}. UA(uranyl acetate) g}

O AAl AFUW Y= dAtst A2 71548 Ao 7 ARk A HUkE -?4?'& A
A =

H
slslo] 917 gro} o] Ylg AlE 2

o

12 F"” A %2 fish peptide?} blank liposome, fish pept1de7} Ald liposome-J
o

o]
A5 UA @S A& Al gdd] 759 Ak ol A7t SR 45 e
= A ZEH fish peptide’t B EF U= JAte =28 FAS A liposome?] o] =10
Ao kA YEY Yx=dAE EAE da, Feiy 277 EEsi Al BEE o
At

O ol& te 2 fASRd A&ste sdgr EAHoR Yxgixte] fFek A7 3§
B FAE #Eedn. F3H7E Agad fAERd UA 94 A (29 3-1-64) w3
Wol AH o AjEsta

Helt= dakse] gle Ao = YEyT fish
peptide®] 79 U IHS oA Lol

o]A o] fish peptide?t @A Eo] et Ao=Z X
peptide”’} Z ¥ ¥ liposome
A F F7HE &=

g Qo] B AP

o},

Fish peptide Blank liposome ~ Liposome(pep)

24 3-1-63. o3 Wetol= X AEES| TEM A (UAD )
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9 Xt+Blank liposome S Xt+liposome(pep)

a9 3-1-64. 0131 ‘%‘JE}°E‘§-<

. PTA(Phosphotungustic acid)¥ 2}
a9 31655 PTA A4Me 2galo] A4 #58
< 4718 vie} s st PTA-‘ﬂ Ao A B3 YELFS HIFS
7t ol AARstE #As G oy, HElol =Tt E07) = AR
7 25+

2
golod Aede] hedAs Bag £ gtk 1 3
=

o £

a9 3-1-65. gExFS FH7ME FALEEY TEM
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12.

=1}

oy HAgol= ¢ HXFE FUE HALY] HEHY WF AH F olFTH &
At A= A3

B AFolA = AL dEe] oy Jfeol= B g EFS HUbste] WE A T I
o AW A= A8t

A7) o] vAgl= 7] 2 A1 %S PM-70 mincer (Mainca, Spain)E Al-&3}e] 2zt
ZF Bkt EaE 1] 9 AS 827 st 15%9 AwS HUbste dxT
2 ARggom, Az Hxar] sfgd ¢4 dE=7= BHA(butylated hydroxyanisole)
0.02%E5 H7FstAtt. A8 =+ FSP(Fish skin peptide) % FSPL(Fish skin peptide
liposome)E& 27} 0.1%, 0.5%, 1%, 2%, 3% &%==2 H7}ste] A% TBARS, VBN, %
e AR pHE SAHSR o, zF Age 334 whEsle] =454

3E 3-1-22, 23°] A M=E vEUld o3 HAEol=E ﬂ7}0}»\e o] oz
G dxzEY CIE® Late] wtom, oy Fetol=s 7Kgk e CIE aghs
9 o= FE7F F7Fgel] wel At ow A AT|Zhe] FThgRel webA o3 3
Elol= Fxo] weld CIE® agtol F7lets A& Btk H7F @ FSPe| o] %S
= A E7F =2 AR AZEY.

:[L

4y 8 @ wd
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£ 3-1-22. o3 sx9 oy Heol= H7 AR 7] AE g ¥F AF T CIE A= ¥
3}

Treat Storage periods (d)

ments” 0 2 4 7 10 14

CIE L"

Control 5366+1.37° 54.06+2.31°°P 54.93+2.21%4P 56.37+2.79™ 56.9+2.82%4 56.76+1.80*"
BHA 53.70+0.82°7 5587+1.91% 55.71+1.46* 55.54+1.89%4 56.62+1.50*" 55.51+1.24%
FSP 0.1% 52.42+1.11%4 51.83+3.41%% 51.66+2.57°% 5277274544 51.72¢2.72°% 52.11+0.88°*
FSP 05% 52.85+1.77°4 51742734 51.60+1.57°% 53.49+2,08°4 52.8+1.88™4 53.02+1.72°2
FSP 1% 52.74+1.74%A 52.04+3.34"% 51.00+2.10°" 51.33+1.68°44 51.68+2.06™ 52.00+2.08""
FSP 2% 51.88+2.00*B 51.8+2.31PAB 5257+1.87°AP 51.04+1.098 53631774 5365+1.63"%
FSP 3% 52.96+2.41% 51.63+157°% 52.47+1.62°" 51,682,735 52.49+2.44"" 5250+2.11°"
CIE a"

Control 9.57+0.75 8871068 8.19+1.16°8 551+0.46°¢ 4.36+0.48°P 355+0.33"E
BHA 9.43+0.58% 8.92+0.65 7.59+0.33%8 6.88:1.10°8 5.07+0.92%¢ 452065
FSP 0.1% 9.07+0.80% 7.28+1.19"8 6.78+0.41"% 3960555 355¢0.19°P 314056P
FSP 0.5% 8.94+0.72%8 7.44+1.39"8 69005078 454£0.41°¢ 3.93+0.47°C 3.2£0.47"°P
FSP 1% 8.87+1.02°4 7.59+0.84"" 7.08+1.16" 4.96+0.76™C 3.99+0.43°CP 35+0.72>P
FSP 2% 8.62+0.89°A 7.78+0.76"" 7.45+1.06°°8 5.1240.36°C 4.24+0.93°C 3.61£0.71°¢
FSP 3% 797:113°% 7.80+0.98"* 7.65+0.60°°2 5.48+0.63"8 4.38+0.49"° 3.82+1.01"
CIE b"

Control 8.19+0.52°¢ 8.36+0.62°PEC 8.28+0.73°¢ 8.67+0.582ABC 895405348 91620574
BHA 8.13+0.60% 8.43+0.40%" 810,75 8.47+0.63%% 8.72:0.77%A 852+0.58°°4A
FSP 0.1% 7.41:092°* 7.19+0.92°A 7.1320.85"% 7.28+0.68°% 7490501 7.82+0.43°04
FSP 05% 737:0.69°8 7.7:0.94"°B 7.7720.82°B 7.99+0.44%°8 8,760,844 8.83:0.73%P4
FSP 1% 7.3320.79"A 7.25+0.75°% 7.5320.67°P% 7.66:1.08"4 79407247 7.6121.08%%
FSP 2% 7.46+057" 7.710.72>BC¢ 8.12+057°4B 8.09+0.69°PAB 8.63:0.43%PA 84408474
FSP 3% 7.3240.71°5 7.48+0.95°2 8.0620.47%4 81740544 8.3140.47°4 8.41+0.71°4
Total color difference (AE)

Control 2.29+1.47°C 2.50+1.81%¢ 5.33+1.86°8 6.55+1.76°PA8 7.01+0.984
BHA 1.00£0.45°° 255+1.72°C 3.12+0.93°°EC 3.73+1.31°° 5.67+0.89™* 5.49+0.81*
FSP 0.1% 2.27+0.54%¢ 4.42+1.44°8 431:0.88°8 6.46+0.26°% 6.82+0.77°4 6.66+0.36*"
FSP 05% 2.35+0.67°0 3.68+1.75°C 371088 5.370.79°8 6.05:0.47°°AB 6.67+0.59%
FSP 1% 2.73+0.85°P 4.22+1.37°¢ 416+1.16°¢ 5.43+0.94°8 6.23+0.77°°AB 6.75+0.91%"
FSP 2% 2.73+0.68° 3.47+0.682¢ 3.11+097°¢ 5.36+0.44°8 558+1.05"B 6.180.71%P4
FSP 3% 3.04+1.20° 3.37:1.19%C 2.73+0.78°° 5.32+1.21%8 5.82+0.58™48 6.42£0.99*"

UControl(F-3 7}); BHA(%A th&w); FSPL)(A 2 ).
ad\feans with different letters within the samples at the same storage time

AEMeans with different letters within the same sample group for the entire experiment days are significantly different by

Duncan’s range test (p<0.05).
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£ 3-1-23. 98 Fx9 o¥ HAeol= ZEF H7 HA 7] HE IF A T CIE
A= W3}

Treat Storage periods (d)

ments? 0 2 4 7 10 14
CIE L"

Control 53.66+1.37°° 54,06+2.31%°8 54.93+2.213PAB 56.37+2.79*A 56.90+2.82%A 56.76+1.80*
BHA 53.70+0.82°P 55.87+1.91%" 55.71+1.46°4 55.54+1.89%A 56.62+1.50°4 5551+1.24%4
FSPL 0.1% 52.87+1.80° 53.61£2.48°°4 53.82+2.28°P4 54.15+2.46° 54671682 54.47+2.64°2
FSPL 0.5% 5212630 54.30£3.40°PAB 54.90+1.97°P4 54.76+2.36° 55.27£2.47°2 56.20+2.27°°2
FSPL 1% 53.2+2.29°8 55.33+1.18°AB 558428048 56.29+2,15%P 55.1240.97°"4 56.67+1.78%4
FSPL 2% 53.4+2.65°0 54.49+2.94PAB 547942 57°AB 56.50+2.12%4 55.94+2.13%4 55.17+0.93°4
FSPL 3% 52.1+2.88°0 52.78+2.66°CP 53.36+2.04°5¢P 56.33+1.35" 55.08+1.622°ABC 55.35+2.61°P18
CIE a"

Control 9570752 8,871,068 8.19+1.16°8 551+0.46" 4.36+0.48°P 355+0.33°F
BHA 9.43+0.58% 8.92+0.65 7.59+0.83°B 6.881.10°7 5.07£0.92%¢ 452+0.65°C
FSPL 0.1% 854:0.81" 8.31:0.85P4 7.3120.8330¢A 5.69+0.52°8 4.30£0.75"¢ 3.85+0.99%°C
FSPL 0.5% 9.01+0.98°P4 7.68+1.03"8 7.15+1.03"B 5.53+0.80°° 3.89+0.62"P 3.70+1.02°P
FSPL 1% 8.98+0.58°PA 7.14+0.95°B 6.92+0.93°F 4574137 3.55+0.25°4 3.2620.52°°
FSPL 2% 8.21+0.78"4 6.58+0.81° 6.47+0.97°8 4.87+0.82°8 3.14+056%¢ 3.08+0.92"°
FSPL 3% 8.24+0.95"% 6.52+1.23 6.35+1.17°8 4.74+1.49" 3.0720.76° 3.46+0.81"P
CIE b"

Control 8.19+052%¢ 8.36:0.622P5C 8.28+0.73%¢ 8.67+0.58PABC 895052248 916057
BHA 813060 8.43+0.40°P2 8.10£0.75% 8470632 8.72+0.77%8 852058204
FSPL 0.1% 7.39+0.86"° 8280574 79807348 8.48+0.39°PA 8.62+0.69% 8.28+0.65"*
FSPL 05% 7.66+0.64°°B 8.17+0.76°PAB 8240618 84706122 84420574 8.70£0.81%P%
FSPL 1% 7.77+0.75%8 8.68+0.83°4 8.68+0.65*" 8.66+0.13°4 87340584 8.85+0.50°7A
FSPL 2% 7.3040.90°° 7.99+0.62°5 8.2040.80% 8.23+0.48"" 8.61£0.40%A8 892:0.28°P4
FSPL 3% 7.09+0.68"" 8.12+0.84%°C 8.21+0.61°¢ 8.88+0.06°B 8860728 9.03+0.69%
Total color difference (AE)

Control - 2.29+1.47%°¢ 259+1.81C 5.33+1.862B 6.55+1.762°A8 7.01£0.98%
BHA 1.00+0.45°° 2.55+1.72°°¢ 3.1240.937°5¢ 3.73+1.318 5.67+0.80°4 5.49+0.81"*
FSPL 0.1% 2.32+1,029°CP 2.09+0.82°P 3.1421.00"¢ 4.32+1.34>B 5.65:0.79"* 6.48+1.29°P4
FSPL 05% 2.86+1.58%¢ 3.60+1.87°P5C 3.29+1.2330¢BC 459+0.887>B 6.30£1.21%°4 6.91+1.35
FSPL 1% 212+1.45°C 3.15+0.82°P5¢ 4.42+1.23%°8 5.96+1.42%4 6.31£0.31%°4 6.85:0.63%
FSPL 2% 2.86+1.49°C 3.9421.70°PB¢ 450£0.41°B 6.26+1.12%4 7.0120.96* 6.91+0.76°
FSPL 3% 3.46+1.54°8 1.06+1.89°8 38310628 5.80+090°"* 6.90+0.66°" 7.00+1.10°"

UControl(¥+3 7}i); BHA(%A tlZ+); FSPL)(H & 7).
ad\feans with different letters within the samples at the same storage time

AP\ eans with different letters within the same sample group for the entire experiment days are significantly different by

Duncan’s range test (p<0.05).
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O TBARS 574 Z3& ¥ 3-1-66°1 Wetliglth. 43t ~Eg A A3l TBARS #<

A AlZko] Frhshel wEkA FbstE AE HYow, oy Helol=E HUMS HA
17] 3 Ele] TBARS#HS thzTo Hla) @A Jehyon Hr7p 357 =852 go
e dErTh o9 fAetel= g2 S HUbe A A$ TBARS# ol S7tsk= A3
& vetdlon, A4 Aztely sl Frbel] wakA FoH o Frbete AEdSs KA
ot oole I”HIFS TAGE dAR] AbstE o ol Ayt et slow AzbEn

OControl BEBHA BFSP01% BFSP03% BFSP 1% @FSP2% OFSP 3%
(A)

o

=
-]
T

o
=
T

al}

=
=
T

i
abeFy g

AE abE, ]mE
3

TBRAS-value (mg MDA/kg)
=
(%]

Storage time (day)

OControl @BBHA BFSPL 01% BFSPL0.5% BFSPL 1% BFSPL 2% OFSPL 3%
ad
L (B)

TBRAS-value (mg MDA/kg)

14

Storage time (day)
a9 3-1-66. 94 FE9 oy HE)=(A) B JEXFB)E 7S AHA Y] HEHY Y
A% & TBARSH W3 Control(F+ 3 7Hr); BHA(¥A tixT); FSPL)(A ).

“®Means with different letters within the samples at the same storage time
AFmeans with different letters within the same sample group for the entire experiment days are significantly

different by Duncan’s range test (p<0.05).
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O TBARS %% Z3& 1§ 3-1-670] Jerholeh 418t 2Ee2 A TBARS @&
A Azrel FAgl whebd Frbeh: AnE mgloew, oy Weel=E A7te A
w7 fele] TBARS®E thzol sl SAl vehgov), H7} BEsk 2255 v
@ vhebdth o3 fEels YEES H/HS ElS F§ TBARSHel Frbehe At
g uergor], A4 Ao} R Frkd WA fogor st AFE By
thoolt @Y ES PSS dAEel Astsel oleld Aunst bt Ao gz

45 L OControl @BHA 8FS5P0.1% @FSP05% B8FSP 1% B@FSP2% OFSP 3%

+=
o

A aAﬂ;\“AuA ad

i a4 aa DA
A ‘u‘aALL"\._]_,.\uh"l\ i aﬁf abA aA ahy

Cooking loss (%)
—_— = I b W D
h O W O W @ L

[

0 2 4 7 10 14
Storage time (day)

OControl @BHA 8&FSPL0.1% BFSPL 0.5% SFSPL 1% BFSPL 2% OFSPL 3%

(B)
. \ ik o
ah il
ba
LA ‘uhAB bAE

n

LA"A“‘J\"H aAB

[ S S LT R 5
< b O

Cooking loss (%)

0 2 4 T 10 14
Storage time (dav)

¥ 3-1-67. 98 &9 oy HEol=(A) ¥ FEFTB)S H7E HAZY HEHY B
TAF 5 28 #F A3 Control(FH7HT); BHA(ZA dix+); FSPL)(AEF).
“®Means with different letters within the samples at the same storage time

ATMeans with different letters within the same sample group for the entire experiment days are significantly
different by Duncan’s range test (p<0.05).
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O oy Jetol=g H/FG HAar] HEe 4= S4 2435 17 3-1-68] HEhi At
e 2B A AR TBARS @2 A% Algko] F7bghel webs Frhels A3t
e, oy fetol =g H7FgE HA 7] s o] TBARSH S thzol Bl $HA et
o, H7t wvF mes W2 @S HEblTh oy el
B¢ 7% TBARS%] —2—7}5‘}3 ﬁTJrE Ueblon, A% AZkolu Fie] Frfel uhet

A fAom Fhss 4%e Byt ot 2¥3S

e Aol e A a7t u}.

E5e A o)

FAEE AR st ol

1.600
(A)
1.400 aABC

1.000
800
600
400
200

Hardness (g)

0 2 -+ 7
Storage time (day)

1.200 o : b aAaAdd

OControl BBHA BEFSP0.1% BFSP0.5% ®BFSP 1%

aAR

@FSP 2%

OFSP 3%

ad

10

T hAhAhA]

14

1.600

1.400 F & aABC

1.200

1.000
800
600
400
200

Hardness (g)

0 2 4 7

Storage time (day)
a9 3-1-68. 98 w%9 o7 HEo=(A) % HEZB)S HUIS HAA Y] HEH Y W
TAZ T B E W3l Control(F37H); BHA(YA tixT); FSP(L)(A ).

“®Means with different letters within the samples at the same storage time

OControl @BBHA BFSPL0.1% BFSPL0.5% BFSPL 1%

1ABC

BFSPL 2%

L0

al

OFSPL 3%

abA abeA

beAThas
lu\hﬂ."\

14

AFMeans with different letters within the same sample group for the entire experiment days are significantly

different by Duncan’s range test (p<0.05).

O VBN 2 pH 24 438 19 3-1-69, 701 JEUth of5 Hefol= Aeldt el
ngon, o HYepol= Fws}

VBN# 2 A 47]1te] X]‘*Oﬂ ek Z7lels A

Z7hakol ntebA] shEle] pHE Z7hstglon, of s Heel=

ol wheba s ashs 29 veh.
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OControl  BBHA  8FSPO.1% BFSP05% @FSP1% @FSP2% I:IFSPB%A

Storage time (day)

200
180
16.0 (B)
140
£ 120
100
80
60
10
20
0.0

OConrol BBHA @FSPL 0.1% BFSPL0.5% BFSPL 1% ®FSPL 2% OFSPL 3%

abA

0

VBN (mg%

Storage time (day)
a9 3-1-69. 98 F=9 o9 Heol=(A) H HEFB)S AT HALY] HAHY ¥
TAZ T VBNZ @3t Control(F3H7H); BHA(YE dET); FSPL)(A ).

“eMeans with different letters within the samples at the same storage time “TMeans with different letters

within the same sample group for the entire experiment days are significantly different by Duncan’s range test
(p<0.05).

OControl @BHA 8FSP0.1% BFSP05% NFSP1% BFSP2% OFSP 3%

Storage time (day)

OControl BBHA BFSPL0.1% ®FSPL0.5% ®FSPL 1% BFSPL2% OFSPL 3%

Storage time (day)
a9 3-1-70. 938 s=9 o9 HAeo=(A) R HEFB)S H7IE AHALY] HE e ¥
A% % pH3t W3l Control(FA7H); BHA(YA dl&1); FSP(L)(A ).

“tMeans with different letters within the samples at the same storage time

ATMeans with different letters within the same sample group for the entire experiment days are significantly
different by Duncan’s range test (p<0.05).
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13. Aetol= 2 PEEL FrF $4

O Werol= 2 PTFS A

B LT

S W (SIP. CIP A48

AE SO0y

:L“ﬁ 3-1-71. ‘«ﬂ]E}o]E 2 E]EE%E = 7} 3¢

a9 3-1-72. Aelel= ¥ JETEL AN 44

T2 F&5(A), el =

A7 w4

JEXF(D)
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A +89 FEd4dx #A

1Y 3-1-729

S8 UYLHF 54 B,
+5(B), HEol=

AEF H7F #ASE0),



o

el

23!

60.61%<

A= 27y 67958 72.43% &

0.06
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1.800
1.775

98.64

0.28
75
2.100
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0.28
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0.33

o
TR
i)
o
B!
B

alo

7.5
2.475
1.500
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o

oo
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~
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o
;OD
i
B
=

kg

gl

Nd
e

%

72.43

I
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24 AFY YxoBdY i AAE AT HH AV g 2 AF
ks
1.ZUe Y| ESL4FE A% B4 9 scale-up ¥ 3 B4
7t dxreSE4EFY A% 24 2 Ve BE 24
). Y=71<s84F9 B9 £ 13
O 20179 7€ =tulol A MAE YerleMdSAdnAgEe) oshd YwrljEost S48 anE
Ar)e] WMFoA 27y, BASA, o]E AfgozN AFAY MAE =84, 384, BEdHA
EASE YeEE 24, 2AGRT), B A2ES BEoUE B8)E B 2A4E Yy A
719 el A B AIEHAl sk #elrlwolha Aestal 9l
O 20129 2FooREetdA o A= ‘Yier|eg- 825 ol 2559 Alx, 7l Uier|so] o4k A
U, YeaA)zh 7k AFelgtar Folshi A, YinrlEeldt ‘YewE(10Y m) HEE Ax, 7
gto] 7]1E9 AFoly B4 EA4%= o2 AEAY MdE B4, 38t ke AEdE 5
A& e == ke 7]&olgha A9 shrh
T YeEgolgt ‘B4 o &% H(1ak)e A7t AAdnALeZ 17100 nm ¢l BF'e]a,
S ) AR Fa (k) 277 deEE AR Axd BFoY &Al BEE i) T
JUAE] 50%(NG71E) ool Axd vieEdw FAE Edo &, EE i) YA 3
F(AFE) 2717 deEdr a4 Yy 54 AFEAY A 54 Az
717} 1,000 nm v]¥kel BAoly A i iv) 99 A7 474 v AE 3eHy £

Ao AFHAY B SHALAL Aot rh(2d 3-2-1).

—4

)

O
=

>

ZASS

W

F

rr

Lt D201 |
“LHeD0IEI(10°9) ©322 HIZ, 125101 0
MEHU HHE 22, 315, M2 SHZ2 LEHHES 5t D12

Lt ST0|R47 |
=
=

gtZ H(1XHA)2 3I1I9H 100 nm OjLie! S&”

Lhe A XH2H? |
ORAARC| BR(AZ) A U SR II|2 MEE SHOIL AN, T
@TAEQKIC 50 % (M4 II=) 0lAH0] XS UL 2XZ AAS SHOIL AN, £
@TRAHAN BR(AS) AJJF UL S0 3K 0 ULSED S2Us MEAL
MEE ETS 2= HES 2I|9t 1 um (1,000 nm) 019k SEO|LF AT =
@F°] ATHI} 22 T AS SR £ 2p|MOZ ZetEHLU SHE ST

]

, IS0 LHeDJI=0l OISE HLE LI AT EIHE AlIZ”
- ULDI=0l MZE, O3S SHAHUM 2E AS0 A EE=E 3R
LIe-D|=S 0l 83t HE8 LI=ATHE MZEJIE SAHUHMN &S0 Eotet 22

a9 3-2-1 4B G0 F(HF FFSAA, 2012).
O EUAAE AgsA e A &

EW A717F 1-1,000 nm Hiel 9 A
(European commission, 2011). 2 ¥re] WL Ao ZH
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Solol s heBde 100 nm vRe] 139l olgel wAm gelwu, Jaaep
(FSANAE therl&e therlg) R Felsh 27]8 Agste], 72, 44, A29e 44, 5

R BT
Hom RoletA gAu, el AH/1HE A FAUN HAA e
42 Aael Fejz golstn Yok MF BYRAYEPANAE theso) Anchy ey
& 95C, EEU g TAGe oI, $HAAS T HHBA] Ak 13o] the7)(17100
mE HFE B 9 sl dstel A2 4% At BAE 49 sa gx, M 4F
SSFIGH(US FDAINAE therleo] et el Aol tate] si3Ea wi AFA7} 1399
thez7jo At 919 EAAe] hezvlze] A% o 23 Ao 1000 nme] ]S ol
© 0ol Be Ee Sekd S4ol AR wakel SAol AYS weltA ofi)
gate] Aeta itk ohelel Hi 39 therle L veBAe] 49 @l (K 321 & E
3-2-2).
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E 3-2-1. =Y -9 ‘Yx=7]|<(nanotechnology)’d] B¢ &3}

=7t v & MEIH DL S
aRHow Nug B 22, B4 9 /)5S 2= 4 21 st Century
2, A% 2 A2ES FEE BHow 9z Hx @ Nanotechnology
28 FEAA oldl, 3, 24 % Ao 5 gy | fearhad
M= ala evelopment Ac
5= st 7=4) ’

o BREEL

a) 17100 nm ZL7]olA EAS Aojstar o]d)sh= National

AE | oz =Ed A4S olgs M2$ S8 7% | Nanotechnology
b) 17100 nm 272 Fq¥ = 343, ¥, 7= Initiative

American National
17100nm =719 B2 & Aosl= Aoz, I 55 Standards

st EA& o] &3 A2 48 s Institute-Nanotechnolo
gy Standards Panel

Australian Office of
Nanotechnology,
Australian
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Government-Departme
nt of Industry,
Tourism and
Resources, ‘06

Holw o Wo o]a}el F+x = - ‘
N v ot ];;2 2 o | }HOSLGr:m—/F] 0}1_‘ j; E‘)r system Statistics Canada, ‘07
1= = 2 375 Ao = = .
vz | T j]i%%iw e I T A s, 0
Yreyste ynnee =75 712 4%, A]2~" | Ministry of Economy,
s | oA #FAEE A4S AdFstE o= YxA7]o | Finance and Labour,
os E#/s/AESH 540 frUld ‘04
Urn g FEolA dxtel BAES 22 /Ao)3te] | National Institute of
dE Av]e] oA EAAES AL AMER Ve Science and
MdsteE AY Technology Policy, ‘06
M8 | A2e BATEE A 2P 84 s | onotecholoay
g 1 98l 17100 nme] FEAS e A network in the
Netherlands
0.17100 nm G FH9 =85 x&ated o]
9= | &¥5= Ve A st st =9 Y 3]
Uwe3sks AE 9 3T $&5t= A
Ux7]%2 100nmelste] E4d-& =%, A4gst ) ‘
A, %4, 2ug 2 AzsE A By
EU gk T o] fol 100nm olslel 7lsAdwS HAad s
Aol xFE o2 Jd E, 38k, AESHA FHEA
g zolE o= EAS UFE A
a) =48 Yxry =A7|e W] Xz-EA skl
ol Aoz AFAY Add =243 S
g4 AT EAAS YEUe AA- A BE , .
@F | Azl wd Sl athe wze | 8 e
5 =31
= Hetrle i e
b) &A & Yxry A7]e] HFoA mAEH uhee
7tEsleE 48t
A7 T
gutd o2 100nmo| e o FR/A2~ES ZZ
OECD | /dd7/71dal= d-de] 7. o= <l s th& WPN, ‘07
EAS 7R ARe B4, 714, AE AL s
Urarlig2 845 24stal Alojste] a2t
T2 HAaulkEZL L= Felo] FHEE A7]9f .
BO | Szo ne 543 ags oase gepqe | DOTC 20710
S8
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F 3-2-2. FY-9 ‘U&= (nanomaterial)’®] B A3

= W & g9 24
a) AlZEAZ HoJx 3 Wo] == 7](F 17100 nm)<!

A FDA, '11
D) 1 mvl¥h Azgd2 2716 o3 &, st Jhol el )
WESH Eyolu Yol Dbyl 24 =
Z 27 sl Ei}lﬁo ok 1~ ﬂ7§:7ﬁ
Tjﬂgai 1 I #F 17100 nm 2712 7 EPA, FIFRA
==
AzEA2 Holx & mo| -7 (ESIZA’ T(?i‘f“
(Qukd o2 17100 nm)el YA}, B4 2 24 ewardship
program)
= [a) AxEAZ o 8 oo oF 17100 nmol =4

b) ‘H17]2'& 1 nmelatel e veEdd] 3

c) 100 nm ©]7e] aggregate®} agglomerate & Z7)# A
17100 nm 4=+ Bdste =4 American

w AL o

=)

Sz Wee) wAw v A Ame/sEd 5| OO
qe THAA e BT
- E B A=A &ujd &3lEHe AF
- 17100 nm9] =#&o] 10%°lst= Xgd H-$
- micelle, single polymer
a) Alx=4d=Z ok 3 Wol Yx==7](17100 nm)<!
ETE; _ Health
Ayt |b) BE Wo] yxar|Bo FAY 23, 3k ) o]/t Canada. ‘09
a7 @@z o8 =38, 38, A=A 540 '
Wk F5)S Hol= A
a) ¢ 17100 nm Z71E 7HAAY 553 S H==7]0 National
e 57 38 EA)S ZEE orHow AFx-AY Industrial
b7t Es AR Je=EA (3 W olAo] YA Y]) T Chemicals
5z L g ptROE ms gl grear))el 24 Notification
b) aggregate, agglomerate’™ Y x1Z < and
c) AYE FFAI= YAV 22 F 10% oS A | Assessment
st A Scheme, ‘09
FA SR @ W ol mE TR 17100 nmelw, gy | Fromed
As | EE AAASELS 7 gEHow Axd 24 Authoﬁ;g i
o] = 1 o]Ato] 200 nm ©]3Fel A DEFRA, '08
deba | b A2 Heoly - x9 Zolrt 100 nmE T A =3 37
g W ool wi TR 17100 nmolw, B84 Cofimlclpi@ds
E YAAEHL R gEdo Azd £4 00 2 o]
a) Alxzd EZZ 3 W o]4o] 100nm ©]sto] Ay, WF N
e Ewe 5475 RE0] 100nm o5l %2 ovel food
EU regulation

b) 100nme]e] F%, agglomerate, aggregate®] A%+
wAav|e SAE e 24

7H7g <k, '08

a) 9% 3 W o]l 1-100nm YA 1% o]Ae =z 4 | Environment,
=4 '10
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b) W& = FHFZE g W ool 1-100nm

c) W EH A o] 60m*/cm’o]/d(lnme)3} &2 A 9)

a) B3A717F 17100 nml =@M FEHH 2 100nm ©]
st =9 7he)

b) Hy =277} 1000500 nmQl E=# = 100 nm ©]3}7}
0.15%0°] 7421 45

A == Az %@i 915 g 7 o] Wel =77} | Commission

17100nmel JA7F HFEEo A 50%0] A 2}A] = & | recommendatio

2 O A n, '11

e | 7P 22 Holu Fx9] Zo7t 100 nmit 2 54 37 5

A 71T
e A @ | ool Yiear)) Ee gl B
= 33U yeayh)E @ BERA YJearjeE o

SCENIHR, ‘11

OECD

17100nm¢$ WPMN, ‘07
- aggregate, agglomeratei:= =1%o X3+
ISO/ A7) 4ol g W ol AAsta o, AV]= of ‘08
CEN 17100 nm HHQ =4
ISO/ QE g ol WE T ¥UTER7 Yx==27](2F17100 ‘08
TS nm)? =2
7] €

a) 1A JAEH

Intemdtiod | b) Y E=H o2 VYx==a7] AXE

Candl of | ¢) 3+ ¥ ©]/Fe] 17100 nm

(haricd | d) o2 T4 ¥ aggregate, agglomerate

Ascddion | e) Ux=EHol F T 10% ool AY, Ye=EH
aggregate/agglomerate 50% ©]7%

(1) WY dxrls 947383 € AZ=RAL
OhH S dxrle 9+ 7

O

2015 = Y=t SCIe Aw=iS 5787TH SR A7) 451’4(1%’4 <, 29] "= 391 Qlm)el A,
2000 58] 2015 744 i EE v geuel SCI =it & B350 E Fffoll A tied
e A7 skl AgH T gl

20014 A1) LheAEFFHAAE £9 o F 159 B oF 4% 52889 A& FAHHD
A7/l 32 65820 A FASIh

A A L L
Al M = whol & s T A R veAA] Zle i AR, e 202041 S

= =
AE Al Adskr]l g vekd X]%*é 7]%3%%—% ZPA AL gAY Y=g At
(307100 nm)E AAtstSit.
&= KolmarAt oA = vt dd el tigh 585 I55613 2

S FAstL = Agirlols, EHlaHE R JAAES o]&ste] AF AAALIL
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B2 S Fago] glowMne BASAQ Aids o]&ste] sl Aol o E Aol
AESHA FHe]l 235 29T 5 e Ux HERC E ZREYE 5 A &
soll &g A& FAsA

AM et A= T lecithing o] &3t E4E 2Fste XSS /dste] 54 =
Aold 48 wEEes 24T F de 7leS MEadt gEF Wl 349 H=5H
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of i A=z ol S Foto] o A4 AAEAAE Tl FAAE & =
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At A A YEES AxowM ferrous sulfate$} hemin
s} X S STt sk ol HE i g2

=5 Azxsted M 2 TAIFLS ferrous sulfatee] AFA 4Fsle} ferrous sulfate<}
hemin® & <13 g EF9] A 3E AHHUa. HFH o2 g FEZ9 ascorbic acid9t

B g FAsAE E@ste] AMSEFoRA A ol dEom A% HeAds F
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Adoigtalo A &= HEFY Clascorbic acid)e] &S =537 flste] €53/A143}
9] <ol ascorbic acidE&
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= Az A ZA7FetdE curd7t FAAE woll A EAEA Far gk Foof fEFO
2HEYH WEH7] "ifd g4 2 ol H7FstH 379%9] curd7t EASE=d W)
of glxFo] X3 a4AE H7iskd 35766%7F et 23E HoFAh

U fEFS FES UFT Ui Aol AW I FAE AFAZ 2vlE oo
Aol A AW FeAnt ks WE A5stes e 22 Mde] oo AuAE EY
. 53] &< oA, FAA, Wi ol A&AS W VIS AFERT avt d5eta
FAE = g SolA Y gEFE oJofo g Jfdstr] fgk Agr et A e
i o

= 2L FAaUEe] A4S FES AL YxdaE 55 §lol mE F3 d
o] AR HAdatE 7|eS AR, FHAAE AW 20033 E2Fo] AEe] n)
= FDAo] AleF 519 3koka] ‘ZEW o] U fE gz 7| Folrh

553 A5dd m2W, 1997955 20061 7H4] Ui gE2F AAY] SdEdS F 1314
oL, o]&= W=l Ed BT 9= Edo] 4uiy o Btk AR F9 AFEs
At 0 TR E9o] bzl AlEE] 2000 o] el = mid 1071 o] e &9
o FF3] ofo]Aal U= Ao=® UEH

A%, AEE, W, SEFE @A dER, R, stadis, okd ), A

(probiotics), =g HEetol=, AsAl, A4 2HE(plant sterol), 3 o= 73}
Ha glow o] &R AR A dxdAREA AFAd H7kH L 2

HIERT, A Aks 2388 dwegiast &4 dEse] o5, 117, A= 59 7|9 BE
of A& HHoE A FY , AFANMA RS Y=Y AH(TIO,,
Si0; &) e A s Al FrEd, A2, R8s FY A
A eIk AFs HEA

7h= 3L 9t

o= 5o dFuw A7 o] E(alumino-silicate) = I Ei B 7E A EolA nZ
2] A (anticaking agent) 24 &3] Alg¥ 1 glow, olelA] o] E B ES EA4HY
Ao v gl AR 32, = gl Aol ARRE L Qi)
DT, s HIHAE TR dmgiso]l AFolA e Abgel

=R
olg2 HI/HA welaz este AFol HIbEo AW, A= Eee

ge w9 AFAse] 4F % oJotES
of ghort obAZtA AE| FHE egAEe wel, B

ggeltt.

() I Yxerless AFY AR %

©)

29129 Yl&Ed(Nestle)et dld&=29] YW (Unilever)= A W53 3
WA A gaFo] A2 ywodd ofol~ag s JEstSal, A VA EE
I muR =S AEstr] flete] UnvleES AMEstkal

=99 BASFE AEFH7MEEA4 g3 (lycopene)S Y= A7|E A ZFste] HAF~9
np7kA o] AR A ES AAFEI T

A ekE(F)NA = 20149 Y=ol BHS 3 583 VeEs st F8A4
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d AFAAE FEIsA L, e FE3tE A A& GMP 3FelA AE3t skal gl
o HAAQZMA] Yk FEIAFLS CoQl0O-NEWS, CLA-NEWS, Omega 3-NEWS,
PS-NEWS, Vitamin E 5°] At}

O Aquznova(s¥)Ab= HEFY C, HIERY E, Z A Q10, o] 4= ek (isoflavone), Z2FH.
o] =(flavonoids), 7}=E] o] = (carotenoids), A -fr(essential oil), WH-Al, M4 7]€F A
ST =S HAEgst7]l fske] 30 nm 7] A (micelle)s AF&-3ste] Yim7]s 7]HHe]

o] AN2"S utEdal, CoQ 102 NovaSol ol A= 2006 H8 #Avsta vk
(19 3-2-2). olglst Ux &3t 71&S St AgEd Ao AL ES TV

Al Z T

O &9 George Weston FoodsAtE ‘Tim-Top Up'eolgts WS Fwjdlir ¢, o] we
QW 7}-37} FRE Hx o] fe mlo]la R <& (1407180 pm, Nu-MegaDriphorm®)-<
et o, o= Q& FAfF9 o|HE AASA, VTS Wl Hrtske V&
s IR

tlo =t rl

NovaSOls

nugliment

nul\/lego 3

Dietary Sup
120 Soﬂg 1

% 3-2-2. Aquznova A9 Novasol CoQ 103 George Weston FoodsA] Nu-Mega #l|&.

O m|=¢] Salvona technologyAbell A& ‘Multisal' o] gt TR AEA| 28-S 7futslgict. o] A]~HE
S B E EFHA &= o e GEEEA 2 A8 AD)s AAWE ddsta A
ol AeHozm F5E & AEE 1A

O "]=+¢] Biodelivery Science InternationalAloll A+ nanocochleateZ 7Htélo] £35S Y390
olAE T AFomFE FEH A4 50 nmo ZYY U=dAE S

Wk = 9lE 7]% 2 nanocochleates %6}"4 Qu7}-3 AAkS H7bstol = st Fule] @3k
FA e A, g2l F7) Tl A8 st(ad 3-2-3).
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Cochleates: Cell-targeted Delivery

Phagocytosis of
nanocochleate

— \‘ Macrophage
Low Calcium o~ L

£\ ) A

Fusion of
nanocochleate
with bacterium

Source: Mannino RJ, et al, / Aquarius BioTechnologies, Inc

2% 3-2-3. Biodelivery Science InternationalA}2] nanocochleate.

. dFABAS $13 scale-up #H FF 4

AREA 0 2 lab scaleoll Al 7R3 Y=g xE AAGA A pilot scale ®+= plant scale®
AAks7] sl = Axza ol oA & Ao o] o] & SH3t7] flelA = scale—up
of W& HuFEHH Ax FHEAY] Fyo] Has)
20159 w]=re] Alexey S. Peshkovsky:s %83 ZAWH-S 38 lab scaledl Ao Y
ABHE WLk, Sono MecanicsAol Al g Barbell Horn  Ultrasonication
Technology (BHUT)E o] -&3to] vimodde] dizf it 71=S /st

BHUTE 3% & AX9 £% 2 298 =4 U&E AL F AA = ZA=E gt
Aol Al 8ol 7hE@u(1d 3-2-4), Alexey:= BHUTE o]&3te] Wil 249 MF
595 &g Yol de] g Ak A Eskaith

N
-
x2

)
A

generator with water-cooled
amplitude/frequency/ ‘ transducer
power display 4 R
I‘ - »
0]
v 0
g | HBH-type
e Barbell hom
«
i reactor chamber
gl , PumR with cooling jacket
= —

a9 3-2-4. Barbell Horn Ultrasonication Technology.

- 145 -



O

@)

2 dAFedAs Al b 255 A9 LSP-500, BSP-1200, 2 ISP-3000s #+-7}
lab-scale, bench-scale, 2 pilot-scale (industrial-scale)®] A4S 98] 2 &3t}
LSP-500 2 3g2 FFRo] AFE-Fi= ultrasonication Al2=®l o & 500 We| <3 AA7],
127 mm =719 CH-type9l %53 probe’} o]&%™, 40 mL H X9 Al5E H|o]Ad
ol == AAE xdeta, A3t k=t AR SR TH L 3-2-5).

BSP-1200 1200 W< S3A14d 7], Wzt7], 32 mm<e] HBH-type®l %3} probe’} Ab
|, 80 Lo ARE W&l ¥, #HE3 vy 3-2-6).

ISP-3000-> 3000 We| %53 &#d49 47 mm 37]9] HBH-type2] %53} probeE
AbgstH, Hdl 300 Lo AES wrg7lel ¥a #d3 & 5 e FA (1™
3-2-7), CH (conventional horn) ¥ HBH (half wave Barbell horn)-type2] probe& A}
S J ™ 3-2-8).

L5P-500 ULTRASONIC PROCESSOR

Botch Sotup with CH-fype Hom

I3 3-2-5. Lab-scale ultrasonic processor (LSP-500).

29 3-2-6. Bench-scale processor (BSP-1200).
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ISP-3000 Ultrasonic Processor

&

7
output surface, high amplitude

I3 3-2-8. Ultrasonication probe of (a) CH-type and HBH-type.

O 19 3-2-9% lab scale, bench scale, ¥ industrial scale & o] &3 MF-59 49
BAe AAAEES} Aok AAAAE e Aot BE At MSD 250
nme Y d@AS Axd F Ao 53] ISP-20008 AFE3HH 25 mL/mine] 4%
2 MSD 220 nme] Y=odde 3’\ g AdA oldg A¥E EQE 200 nmAyF =
o Yrodds dFget=t E&4 oAt
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OOy

MDS = g - LSP-500

IS00 250 nm: & BSP-1200
H ISP -3000
F0O00 -
2471 milfimin
£ 2s00 - i
P :
E
o 2000
=
'Eﬂ 1500 : -
X : 518 mlfmin
] H 2
o 2
(= - -~
2 1000 i - -
f@. '
S00 = 45 mlfimin
0 -—
240 250 260 270 280

RADS [mm)

a9 3-2-9. LSP-500, BSP-1200, ¥ ISP-3000&% A|=3%
drogae 4455 2 442

1. AFY Yo d Ao gz e 93 4 F47|e &Y
7}. Lab-scale ZA&F&EE YxdEdd Ax AFTH &+
(1) 2F7= AFH —’?‘—%% A & 2 FEUY JH3

}ﬂl%‘gi 6‘17]’ﬂ7] HEH/&E— %7]%_13]17]_ o]_~|d % r= Oﬂ%

=
Fas Hasy] f&) =3 e ¥ £E=

1
=
ER A 2ol 243 St ARG § FEE AT dFE Skl HA e SriE

O 19 3-2-102 1 mg/mLe] %9 10 mg/mLe] ¥%9] Z% T2s T7
95%9] oflgh&oll Al &3 AR APKIOR AFke} vk BT 27 W 50% ol eh-&2} 70%
oetgo) A AR Fgo] =A FEEE ATE

O 3AINE 19 3-2-4°4 H%o] 1 mg/mLe] A%
50% ollgt&ol A oS Flsh Mz Wels Holal
o= o =HAL)
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W dgkgolut FAE DMSO(dimethyl sulfoxide) &

of that ga=7F wl$ wir] wjEo] olek2ol FRw(30%, 50%, 70%, %
mg/mL%} 10 mg/mL2 &

T, 30%, 50%, 70%, %



(a)

(b)

3-2-10. (a) 1 mg/mL¥% (b) 10 mg/mL¢] 2% ETE A& 2 &vd @& A& AR

* S DMSO &wfell 5744 F%=
Z8HS UV BABEAS o] 85t0] 425 nm Tl A

2 gulld] F59 4F FEES UV FYREAZ FYES 249 F EEIA sl

AT FEE AN A3 1 32-1bol LhehRIEh 3E A3 2ol HOW)IAE 016
pg/mLe] ATHo] FEHo] FHES e B FE5E A LeHolA Bk

e olge %Hgﬂsow £ & o v - Frkohe A% neliv), 30%14 95%

o, 53, AFue 3

¥ AAE wal el olggal A 23

A e Fael 2

LR HasE 3B HAT.

g

v =0.0622x + 0.0626 ' auso
R*=10.9998 =
97.00
EIOG - 85.68
g
g 50
3
916
i | | | 0 |
0 10 20 30 40 50 DW  30%EtOH 50%EtOH 70%EtOH 95%EtOH
Curcumin content (pg/mL) Extraction media

a9 3-2-11. (a) AR EEFAH (D)FEE BE AT T3

12/«]7J %Hi oy 48A17J77}Xl FE5uA 71%1: o] 3t
A} 7ol 50% ofEtLo]A] 7MY o ERTES B,
ATHE 3-2-12).
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1.0 1 —4— Vater

—&— 50% EtOH

0.8 1 -0~ 70% EtOH

g 0‘6 | .—’///‘./'\\'

£ 0.4 1 "0 = O
0.2

0.0 - . - -

17 24 36 48

Extracticon time ¢h)

a9 3-2-12. FEAL WE &, 50% &S, € 70% A AFR

=2

U:]_E

&

H 50% ole&s ol&ati, & ST Aol e AFR F&
N ErEE 24N A FEoH 3] whEate] FEakith
b AFHe s BAE7] 98] HPLC (Shimadzu D-20A HPLC, Kyoto, Japan)E A}
Fal, FAZEASRE detectori= UV detectors AMEsI 1, A& 42 425 nmEs
sttt Zee ACE5 C18 column (46 x 250 mm, 5 mm; advanced
chromatography Technologies, Aberdeen, UK), mobile phase™ acetonitrile®} 2% acetic
acidE 65:352] H|& = E33sle] AFE35E% AL, flow rate= 1.0 mL/min, injection volume
< 20 uL=2 A A3
HPLCE ©]&3 i+ AFNE 7ML Z5348 st F5=0 e Adve 3=s 7
Abebed] AREekdth 1yl 3-2-13 A& A%l HPLC

doltt.

off ot

ol
tlo
oxl kN

w (]

20000

l 1800000 V= 6,849,680x - 9,221

"
Area

0.5 0.6

Retention times (min) Concentration of curcumin (mg/mL)

19 3-2-13. HPLC spectrum™ AFHY EFIFA.
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18

16

14

12

10

Curcumin (%)

=

2 3

Number of extraction

S RERENER

—

s

i
oy

10 mg/mLel BHS 5006 ATLo] FEHAA FE5) BE FEHE AFN FFS 24
@ s 28 32 UAN W S Bo] LA AT AAE el 28], 38 Aol £
S9g A% Ae] dolA: A% BTk ES HPLCE ol8d AARY ARelNE 18 5%
AL AT o] 15968 UERIAT 28 FFAAE 106 olFE nol FOIA Aol

B3,

(th A9 #7te 253 A9 B BE AR F2 FF
& |

O FPLS B

1%(w/v)e] =2 Y, IF4 F3pAd dA "> ecithin) S 232
o] 2% (w/w Z&EEE) = 37}t ”1011*1 24N AA FEFEA 3, US A A zbel] w
7}

2 &294E w98 dARe EFFE F 0,1, 3,5 10 2 208 59k US A elstA]
2049 AR S SAsA

% 3-2-16% 2% dAES HUb E& &l she] US AAztel we 7w F
%%%k—% el Aew US Aele obA &2 Aol 488 pgmLe] 7Afrle] FE5
Fov US Al Azte]l F7hgtel whel aA F7kstdA 102 <k A3 49 Ada
o] 3882 ﬂg/mL«] ARl FEHAT o= 50% AEES ol & FEI =T FE
of Afnle] F&¥ = AdE BHATh AN 202 T AAS A oA Aace
A3E B US 10& A7t 7Hd ask=e] AfYe 528 5 de A4 2492
sty skl
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400

0 2% Lecithin £
€ 300 - i
= x
D
= T
= il
=
2 200 - %
=
o
(=)
=
=
= 100 -
=t
=
= T
0 T T T T T
uso us1 us3 Uss Us10 us20
US time (min)

¥ 3-2-15. US A Ajte] B AFRNY F& FF02% AA=)

A e kel mE 2E vasly] 98 dAES FFETe 0%, 1%, 2%= std
A US AgAzke 1083 Agstel F2¢ AFHe dFs Hwg Zd3ds a9
3-2-16°1 YeERHAT. Z"elA Ho] HARE HIY <
T 429 pg/mLo® vwig- AL Feo] Aol F=EHAAL, US AlbE

S AoE 3212 pg/mLE 8u] 717kl SISt AA T, fUEm2 FE3 AFTe g
Hl ol Al uf$ ke gheko] FEH AT

ARk, dAE ] S 1% 2%(w/w FR)E FAUME Adg-odls USE AdstA &
Zb 7y 294 pg/mLet 488 pg/mLo 2 =ol A FE3T Ao HsiA = 100 o] =&

10%‘3

), 2
e nath £3 of7ld US AE ah A Afwe] FEd aA Z7heaA
AR AT W 196 AADAAE 2024 inl, 26 AALANE 382 il

500

No-surfactant

—. 400 ~ [011% Lecithin

E B 2% Lecithin

S

[&))]

= 300 -

=

v

L5

o

=

S 200 A

£

£

2

£ 100

(S]

0 = ’—|—- T = T = T - T
uso us1 us3 uss uUsio
Us time (min)

a9 3-2-16. AAIR FF3 US Azt & AFH F5 TFF
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O dddE Azt AFA A dARRES AFESHH O/W a7 Aol &<t
s, 214A F3kA2 tween 80(HLB: 15)3 tween 20(HLB: 16.7)2 A3 % &35}
of gt} AAFE=oA AFNE o Bol FE6H7] & dAE i JAeA FEAd
tween 80¥ tween 205 AM&3to] FEEEC A= TS AHE AT

0 002% Tween80 500 02% Tween20
wl = M o= = [ o N .

~ w

S S

S S
' L

Curcumin content (pug/ml)
=
3
3
|

o

300

200

100 -

Curcumin content (Hg/ml)

uso us1

a9 3-2-17. 2%9

O

s P WElE U Uso ust us3 uss Usio UsD

US time (min)

A54 F8A A7 F US

US time (min)

A Azel e AT 2E T

1563 -

H 3-2-172 2%9] tween 807 2%<] tween 20 FH7betal, US A A 7S 0ol A 20
%U}X] S7hetiA FEE AT d¥e Blad Aow F A f3kAlA EF US
E AdetA @i, A 734 2%nks HIbetol: oln £& e AAFRlel &
wo] F7FA1 US A Algte] wh& &ike ol &<l 2ol 7k AATh

O T3 tween 805 AMESH Z71elA] tween 205 AHES ZZle Hl&] tha E=& AFT o
2EHE 4GS RATHALY 3-2-17),

O Tween 80°] ol me AR FEIFS Hlwst7] 918 tween 809 H7bFS
4% (w/w ZF)7HA S7Feklal, US A el §lo] 24A3F AAFE2 ko] 50% e +
d3E ez or ARgsto] Hlalssltt

O Tween 809 ol 1%0°014 3%744 S7kstdA 7AfRle] & &2 =54 S71st
= AEFS BAAR 4%0]49] tween 802 H7bek= Agole= Y of¥ AFH FEIE
& T eAl @Skth WS 3% ©]/e] tween 802 #H7bSE AFdlE 50% NEE: F&
A3 v 29k k] ZFHle] FEH AT 3-2-18).

500 -
T w0 '
S
% 300 -
g 200 -
=
é 100 -

G | -
5023512? 1% T80 2% T80 3% T80 4% T80
t Tween80 content
¥ 3-2-18. Tween 809 #F ol W& AFY F5 &7



O oA HoFE AFRE A2 vlusty] 98] FstA= #HAE] tween 80, ¥ tween 205
1%%} 2% (w/w 733 AF&3sta, US A7 Al 023 102 AHste] =9 A
Wl ek A9E 18 3-2-199 4] v w3t}

mlo

500 1 0 US Omin
— B US 10min
£ 400 -
—
o))
=
£ 300 4
[
=t
c
Q
o 200 +
A
£
3
2 100 -
3
(@]

0 J T T T T T T

No-sur 1% Le 2%le 1% T80 2% T80 1% T20 2% T20

Us time (min)

a9 3-2-19. F3A FR FF L US A At e AR FE5TF

O FatAZk A/FEA @ 2AIAE US Ael F 27 F7ks kA US Aelsd ge
270 oS weky] gEe] oby mgel AFvlel FEHA Rach = AR Ft
AL AARY Aol HrbFel P Wk AFU FF FIFE FEE 4T

3
S Holuy US AHEgg 3hA &2 A5d+e 50 wg/ml A= 7AfFfvle] FZF53%a, US
A s 3 A% oF 380 py/mL 7HA AFHIE F= el TrbsdH

o +4 vﬂxﬂ‘ﬂ tween 803} tween 209 A$ol= F3Ae] FZ=7F 1%T HUlstol =
300 pg/mL oWl =& AFY F& FEFS B, F3AY sVt F7Fskel w7
TR & FgFe 0% A 7T =3 USE Ageas 45 1% A4
= A F7FeA AL, 2% AT FoAd Tk HolA &g ¢F 400 pg/mLe] A

U FEHE A%E BRI 3-2-19).

3

l

&8

l

(2) BAFFSE T4 Jxddd AZFR g9
(71 094 2384

(encapsulation efficiency)9} 2% =l o %01 912‘33], 715 AFHlS 7P Wol &3Al7|= &
s AAskeE AL wg Fasith
A, 28 7hs e 57119 @ A(MCT o, Canola oil, Corn oil, Sesame oil, Soybean oil)ell 7%
% Img/mL9 FE2 H7lste] & £¢3 F 10000 rpmo2 105 &¢F YAaEeste] 45
S FEE, Aedels oY Fo gal® AFWo] I 01 pom, A= &3
AEER FAEY 4599 FAEE SAs e AFNSE AF ssich

[e)
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100

80

40

=

Solubility of curcumin (%)

20 | 1 ab
0 T T T
MCT Sesamin Sovbean Caﬂola
Oil types

9 3-2-20. 249 FF @E AR &=

O Lo &l we 7Afvel 5 4% 24 3-2-20°14 Hol= AAH MCT 2dolA

°F 59.0%%E 7MY =& FXE HSAL, sesame 29, soybean 2%, % corn LYolA= 77

179%, 157%, B 123%¢] 7wl $3isE S & 5 dch AT canola 229 F$
102%% v a5l vl A Y2 g Holal 3l

O ZgF=E dv Affvle] 7HE Bol &al¥= MCT (medium chain triglyceride) 5

ARl C8TCI2]1 AlAtE R Ao slom, 74, 3o SA4S 7L glo] v’ 45

rlr
I
o

O #AFEE b WAL A%sb] 93
2 Bo A4 MCT 290 $a217)m, 83 R8s §ae 24stel AHe §F v
&< Fystad gk

O A, WAL QAA/7E vhegiA £EAA AT FHE AL A BeHA Pol

gajAof sl dutxog o3t 9 7 ASE 93] magnetic stirring, high speed homogenization
(HSH), ultrasonication (US), @ high pressure homogenization (HPH) 9] Z#]%¢l ®WHo] A}
5L 9l

O A#F2EE Ywodie Azxe 75% (ww)e 285583 tF dAES MCT 2% Yol
oil phaseE AZ3taL, TFF9 tween 808 &33}9] aqueous phaseE #|Z3% 3 oil phase®}
aqueous phases E93to] Aol magnetic stirring< 2A17F ¢k A2latAA dAdstA SFHA|
ZAtt.

O &4 odde] dr a7lE #ola, HFAE FIA717] 918 high speed homogenization
(HSH), ultrasonication (US), % high pressure homogenization (HPH) #g]& $=33paA 212}2]
YAA7] MtE v skl

O 17 32218 AFFEE oﬂmxw Alzo A Aeleg izt HSH, US, ¥ HPH Hzlo] u&

==

tr

AR AReE AM B AR HSH Ael & AR 3% Ao] @& 24 nolw, 4
ol e creaming)o] WASE A% Atk ol #ASG I8 2950l ol )
7) wh-olth

O #A% USSh HPH A28 Aol 2% Ao] § 0@ 24 wolw glom, agge] 4= o
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()

A¥ 2] o3 e f9E IS 4 9lo] HSH Ao s of #dd oHde P43 oz
B},

Tk YAte] A7]= HSH Agd A& A9 ¢F 500 nm 52 YA P4 A% USAH ] 9}
HPH AgE ¢ Al=9] 490l 100 nm °]ste] B 4Aa7]5 Heoli 1, PDI % HSH
Aol Hlel W ks Holal 9lol. US Aelet HPH Al A #dstar, Hgdh vieoddo] 3
A At ety 3-2-22A).

Aetd9le] 29 HSH Agd Alse F Lok 2 oldde] Aurt Etgs] 8ea Al
Etd 9ol =Ao] ojgglon US xms} HPH AHgg A5 Aetdels= 13 3-2-22B
oA B A} o] Z+zF -2493 mVeF -32.29 mVE YERA AT

¥ 3-2-21. HSP, US, ¥ HPH Ag ¥ ZAFFEE Yd2A ALA.

A 700 - 0.6 B us HEH
0
. 600 - IParticle size F 0.5
£
500 —pDI =
£ F04 E -10 -
8 400 - g =
7] F F 03 @
o 300 4 \F{ 'E' 20 4
o L 0.2 2z
£ 200 - ] f
E o
100 [ *E el T
I . i
G T T 0
HSH us HPH -40

29 3-2-22. 93U A A% FFFEE Yo EAY 427, PDI 2 A .

2, frekAl £ 24 wE YxodAd ey AAFA
O Ywo|HHe AZxE= o, 34, waterd HHd3d %=
ol

o FAsHA Hed, o5 FAHIES
g5y 93] o4 T 3239 Uekd A3k 2ol QAMCT oil), 3H4(Tween 80), 25
DW)*] Az H&& AAssleh

MCT 93 ¢ v &S 11 5002 uAsHL, 73412 tween 809 H|ES 03, 07, 1.0, 15 %=
2007 AN Yo dds Axetga, A 235EE U8 mean droplet size,

e}
PDI, % #|e}d 9 (zeta potential) S =433 ch
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¥ 3-2-3. 9 H& 50914 tween 809 ¥ W3 mE Ax 24

Sample v & g (%)
MCT oil | Tween 80 DW MCT oil | Tween 80 DW
A7 1 0.3 50 1.95 0.58 97.47
A9 1 0.7 50 1.93 1.35 96.71
A10 1 1.0 50 1.92 1.92 96.15
All 1 15 50 1.90 2.86 95.24
Al2 1 2.0 50 1.89 3.77 94.34

O 1% 322314 REol F3hal(tween 80)8 FFol F7Hgel Wb Aol 27 Pasel 1126
7] EoiEThrh 8ISl vl 10 ol el ThAl F7kstel 209) W&ol A 2009 nm=
S Fbehe 4TS Rt ot f3A9 vgo] LoIA Y Ae YAE wE F Y 2
Aol zAoleta uel

1

2842 Qe Byl g#dsitteE AL oujay, dnkxow (03 olsle e

71—1__ - T =
2 A% BYstha pusa Yk B Adl AL 2E 24994 PDIY gle] 03 olakz et
gov], 53 fabAlel st S me gaste 43S Be

350 1
1 Particle =i
— ESIZE 290.9
PDI + o 0-8
’é‘ 250 +
8 200 b 1778 e
@ 158.3 a
= 150 -
g 120.2 112.6 L 0.4
£ 100 |
L 02
50 -
|
0 ; ; , 0
0.3 0.7 1 1.5 2

Tween 80 contents

a9 3-2-23. E9 H& 5094 tween 809 FF v & WE Yo BHY YA=Z7]¢ PDI

O Aetdfet FRo|=A A JAp7E 7kxl o z; Ao AatE orfsts o= dukdow A
FEo = 30 ol A5 FEol=r) SHAstthaL wdkstal glth Tween 809 Hl &l W&
= Yxddde] A= -14 mV oA -22 mV AFel9] kS B, o] Non-ionic
3A1Ql tween 80%HE ARESERL7] wiiEoln, vhE AEbAS] FhE Fal tween 809 ARESH U
wodAde AR Azb wgt HA(precipitation), &##](phase  separation), &H
(aggregation/flocculation) 59 EXAANE HY ASR dFHr1d 3-2-24).
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Tween 80 content

0.3 0.7 1 1.5 2
ﬂ i i i i i

~ -5

-

8

=5 10t

E T

& .15 T T

=]

Y |

£ 5 i

S I I |
35 J‘
-30

O I 3-2-25= tween 809 o W&ol W AFFEE e Bde] A S H7HE 2
HE e 22 Az F 30Y Bt AL(dE)NA A shEA YAt A7]ek PDIY] WEkE
SAs A3 gAte] A7]ek PDI BF A% 304 A% & Wsrt gle 3o=Z YeRt

[ Particle size (0day} —Partidle size (30day)

300+ —PDI(0day)  ----- PDI (30day) = — | os
g
E 200 F 06
8- E
< 0.4
k=
~ 100 |
¥

F 02
1] ]

0.3 0.7 1 1.5 2
Tween 50 contents

19 3-2-25. =9 H|& 50914 tween 809 &F ulgo] WME YrdEAY AF AFA HIL

heoddel grsle AFEedd & =7l Ad SR vEs 1082 Folal, 2
H&S 12 WA tween 809 HIES 03, 07, 1.0, 1.5 20%= W3letHA vo|HdE AlZxs}
UTHE 3-2-4)
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¥ 3-2-4. 9 Hl& 10914 tween 809 ¥ W3 @& Ax =4

Sample H| & 3 (%)
MCT oil | Tween 80 DW MCT oil | Tween 80 DW
A7 1 0.3 10 8.85 2.65 88.50
A9 1 0.7 10 8.55 5.98 85.47
Al10 1 1.0 10 8.33 8.33 83.33
All 1 15 10 8.00 12.00 80.00
Al12 1 2.0 10 7.69 15.38 76.92

O Az FAHAM Ywo|BHL high speed homogenization 15%, ultrasonication 15% % high

pressure homogenization 3 cycleg @] 3}%]
O 19 3-2-262 =9 H|&o] 1008 1A

9 A7E freHor gtk A=
nm# =] Hl&e] 5009l 23l ws| of
e 03 olak s HEhIEA BE oA ¢dd e dEhgith

500 0.5
——Particle size 4_33_:'
4004 — - 04
- FoL 3495
g 287.1
g 3009 2645 2hon — T - 03
% | a
@ —— | E
g 200 4 L 0.2
3]
-1
100 4 E 0.1
0 . . . . . 0
0.3 0.7 1 1.5 2

Tween 80 content

a9 3-2-26. 9 H]& 10914 tween 809 & v & WE Yo DAY ¢YA=Z7]¢ PDI

O Alepdfle] A= =9 vle 5091 £33 Hlsd J3s Bolal, 94 ddigto] 30 ofske] v

AR SIS Bo, HAo] b3 Ao w dddrk(d 3-2-27

~—

- 159 -

St el A tween 809 FHEF Wslol| wE A} A7]9}
PDI ®3tE yetdl 232 59 o] vhe A= tween 809 o]l F7fshel] we} 94t

Hom tween 809 o] 20390 oAM= oF 4335
49%7} S7Vehe AdEs BT AR PDIL
)



Tween §0 content

0.3 0.7 1 1.5 2
1] : L i
o)
T st
"
= L B
§ I
[=]
(=9
s -15 | z
% I
N
_Zu .
5

a9 3-2-27. €9 ¥ & 1091A tween 809 FF w]&o] WE Yo HBH AELA 9.

500 0.5
C—Particle size (0day) C—=Particle size (30dav)
P — L T i Bl =
T PDI (Oday) PDI (30day) | s
.#:\ ———
g -
= 300 | . 1 03
8 i = =] I g
: . T‘.‘.‘%'-_t"'TZTT:.__-i_.. R i =
2 o0l | B - 02
=
=
A
100 + 0.1
0 . T . T T 0
03 0.7 1 13 2

Tween 80 contents

a9 3-2-28. &9 Hl& 10914 tween 809 FF H|&o] W& YddAY A A HL

O A% A A= =9 daFo] 50%%1 2ol o] ko] 10%= =21 2o+ A% 30

1 5 4
10, 15, 20 ¥l &2 24 3HA AFFEE deddd S Xﬂi@}‘}i (% 3-2-5).
woll wet odde] YA A717F S48 sk, PDI #tE S7hehe
Aes Btk 9 3-2-29914 RE AAHE tween 809 H]E©] 03¥ w 3599 nm ©]il, tween
809] H]&o] 159 2002 F7Hgel whel YAk A7l 247 1,010.7 nmé} 23826 nm=E ol
Hro] opbd mpola® FFE] coarse oHAol HATE HEF tween 809 H]E©o] 1.0 o]delA =
PDI gko] 0.3 o3& HeEbar A
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¥ 3-2-5. B9 H|& 594 tween 809 ¥F Wl wE Ax =4

S 1 H & F (%)
ample
P MCT oil | Tween 80 DW MCT oil | Tween 80 DW
A7 1 0.3 5 15.87 476 79.37
A9 1 0.7 5 14.93 10.45 74.63
Al10 1 1.0 5 14.29 14.29 71.43
All 1 15 5 13.33 20.00 66.67
Al2 1 2.0 5 12.50 25.00 62.50
3000 1
C—Partide size
2500 | —PDI 23826 -
’é‘ 2000
= L 06
£ 1500 g
= Log ™
£ 1000
=] &
s00 3599 4029 ﬂ 02
I S O A A
0.3 0.7 1 15 2

Tween 80 contents

39 3-2-29. 9 HI& 5ol tween 809 &F HlEo] WE oEH YA=7]¢ PDL

AERA 219 Ffoll= -88 mV T -21.77 mV Alole] FS Holil 3lom, tween 809 FEFol w
g} A3 gl WskE Hola o] Alxd olEAe] et v EAT AHeta e
e
[e]

2.9 tween 80: B9 H|ES 11 2 509 Ml &R uAAT AL, AIFFEES o dd A 0, 5 10,
15, 2@ 20%9] H& = Egste] Yo BAS Axegrh e dHA Az 34 o Wiy 2
= A )

o] magnetic stirring, HSH 15%, @ US 15% AgZ &to] 23} sAtHE 3-2-6).

Tween 80 contents

0.3 0.7 1 1.5

Foba

0

e ]

g T

= -10 A T 1

.g I I

& -15 A T
g, [ I
S 20

S|

-30

39 3-2-30. £9 H& 5914 tween 809 ¥F H|&ol| WE AHEHY AEAH.
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¥ 3-2-6. AAFEE9 o 2 YxrodA AFx ZA(SD:tween 80;E=1:2:50).

v &
1 grTes
Sample MCT oil Tween 80 DW (; %v—/rwgogil)
(9}

730% -
5% 0.05
0% ) 9 50 0.10
H15o% 0.15
20% 0.20

O AFFEE9 ol 2 o dde] 4x27]= 1007150 nm Akele] A7]E Ho|m 73

O

O

=
o] 10%A4 4Ake] A7|7F 7HE A AE Ho|tpyt AgFEE9] dFe] 15%S 20%=2 5
Zhetell whel |izke] A717F vhA] Frbete] 20% AFFEES % <
7Velith SHAIYE PDI 32 A at5E59) shafol| uel 2 Wy} glo] 03 ol8ke] e vEhd
th(29 3-2-31).

180.0 r 050
Particle size —PDI

1400 r 040

F 030

1dd

020

Particle size (nm)
=
o
S
=]

F 0.10

0.0 0.00
40 45 2410 %415 420

a9 3-2-31. AFFEEY gFd e 92 7] € & PDI (2 ¥:tween 80;E=1:2:50).

ool Aol A tween 809 H]ES 05% =o|il, 59 H]&E 1002 FAHI & JFEE9] 3
TS 0.2%73.0% (w/w ol)7HA] EelehaA] dEdS AFsF iR 3-2-7).
Tween0#} &9 v]go] 059 1002 7FA% ZHA 733

o A7]= 9 200 nm olske] A7E Heolw, Fo] Hl&o] 500 d 2o Hlsi = o
22718 Witk 844)%F PDEE 02 ol8hs WK 18 3-2-3).
AR fle] A v B S B, dRFE=e] diol Svhel el Aekd vt
astgon, 9 2ol AE A F/keEA 2 AxE Relm UrH1Y 3-2-32)

NS
~—

i
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Particle size (rum)

¥ 3-2-7. B3FEE9 dFd IE Yo dAde Ax 27 2(29Q:tween 80;E=1:0.5:10).

H &
Sample ==
MCT oil Tween 80 DW f Sras
(% w/w oil)
220% 0.2
Z50% 0.5
370% 0.7
Z100% 1.0
Z4150% 15
° 1 0.5 10
A170% 1.7
Z200% 2.0
Z250% 25
3270% 2.7
Z300% 3.0
Turmeric extract content (%)
» D"”“("”“]“m"") b 0 %0 7 00 150 10 20 250 270 30
—PDI (0day) 0
0 MM Lt LF T
= L e | E3 ™ _ ; 3
150 L 5
c 3 4
00| |} | +_‘+\~I 020 E )
) 010 é P
0 0.00 it Ozeta potential (mV)
N % W W0\ 10 W %0 20 30 )
Turmeric extract content (%) 11
39 3-2-32. AFFEE §Fo mE 4x=27], PDI, 2 AeA (LY tween 80;,5=1:0.5:10).

gheF Wstel] we Axd veddde] A% S
AdstiA dAk=719F PDIS| W st

R RESE R

=
a4

eir
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5

o AEsle) WEE 24

a4

STRC)

2500

200.0

1500

100.0

Particle size (nm)

50.0

0.0 “

3-2-33. AIFF=E

A3} 7354 <]

],

70

(2

ool AgAT=S T = o,
&

100 150 170

[particle size (Ocay)
= particle size (20day)
mm particle size (30day)
—PDI (Oday)

—PDI (20day)

—PDI (30day)

r 0.500

F 0.400

r 0.300

r 0.200

r 0.100

~ 0.000

200 250 270 300

Turmeric extract content (%)

o249 Q379 PDIE T8 A% 4B H7t

Lo g S A
1: 05 1: 1.0. Lt
JTHEE 3-2-9).

|z=3817] flaiM =

A:tween 80;5=1:0.5:10).

9] 3ol 80%
15 2 10 2002 dEsdA] odde xtar

1ad

¥ 3-2-8. 2 : 7F3AY H&d HE FIFFEE UxdEA Az HE

olge] M.

- 164 -

Y 34 2 H(%) 13-4 (%) 5 (%)

1: 0.5 13.34 6.66 30

1: 1.0 10.00 10.00 30

1: 15 8.00 12.00 30

1: 2.0 6.66 13.34 80
19 3-2-34+ oil# surfactant Hl &0 wet Axg FEFEE vHeddde] ARlS U
Bl o fetow #F A AW {F3A9 HEo] 1059 Aeole =gAs o
I AT A o] B Eo] A FUIEFE yYwodd Ao Fo Ao w Witel
= s & F AT ol H FIAE HAEFE Al Bol FEHUE A
oA el o] Yo B Ax Aok aFke AfFHle] &iH7] WEd Ao®E AR
2h=
FatAle] W&ol F7hskel uwhel A= 7], PDI 2 AlEbAL = 29 3-2-350 LERWS]
o AEFEE Uxoddde dAAVIE A F8Ale uHl&e] 1t 05014+ °F 250
nmA 3L, AEFA = ¢ -30 mVE HER AT
Qdr FEhAl o] vlEo] 1118 AT AIFEE dxolHwde dA=A7]= 1564 nm
2 7hd A2 dAE vEH D, AEdSE -32 mVE A SUtskeE A4S EATh
hAIRE fF3kA o] vl o] FIEste webA = ywoldd e YA 7]7F 400 nmZbA F-9
Al F7he B, AeASE oF -40 mV7ZEA] F7be Atk (1| 3-2-35).



%

Gaodd A8 A,

>3

19 3-2-34. w3A 9 H&o ©E FI

S2

S1.5

S1

S0.5

r 05

el [22] L %}
i — o~ m

(Aw) [enuajod e1az

PDI

r 0.4

- 03
r 02

F 01
o]

CJParticle size

il

500

T T
(=] [=} (=] o (=]
w Q o =}

m ~ -

(wu) azis ajo1nEyd

45 4

S1 51.5 S2

50.5

Jred@Ae] 4z=7], PDI L Ak,

FE=

29 3-2-35. w3AY HEol WmE FF

ftatel

X2

Kol
=

dA el 3} tween 80

T e R
71 13 85%ell A1 609714 Bt

]

ol 7k Yizoj

=
-

W

[e]
&S

1
=

Agatsa, el
3-2-9).

b oh(E

g

N

A

-
o

a9 3-2-3691A H

1
o

]

o] YA =7

)

= e,

¢F 89.6 nm
9k Eo] H]&o] 60%<! Sample

o A=AV E BPar, AekA

-
s

PAF7]

85%¢21 74 $-(Sample W1)

3359 mVZ 78 <t

ol

A

e Bk

-
s

A EFH 9

Azke] =717} 1049.8 nmE wlo| =g =7

1
T

74l
A% A FasEA oF -23 mV

59]

W

LHERH AT

=
=
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Particle size (nm)

O

E 3-2-9. 24 : 7EAY H g ©E AFFEE YxdAEH Ax ¥&
Sample Y A e Tween 80 = (%)
W1 75 4.13 3.38 85
W2 10.0 5.55 4.50 80
W3 12.5 6.88 5.63 IB)

W4 15.0 8.25 6.75 70
Wb 20.0 11.00 9.00 60

— . DW ratio
[IParticle size ’ w1 w2 w3 W4 W5

1000 - —PDI

I
800 ,/I_—‘I\r/

600 +

r 04

r o3 -10

1dd

F02
400 +

200 4 ’—x—‘ H r o1
- L
5 ’—_—‘ ‘ I__‘ ‘ ‘ . 5 -30
W1 W2 W3 w4

DW ratio 40 4

Zeta potential (mV)
bt

39 3-2-36. B9 &F W mE AFFEE dx=dEHEY dA=7], PDI &

HLB (hydrophilic-lipophilic balance)&t A3 A4l o] Hl&S Uehli= Ao A9 T &l
A Zlprde] AAetE Tl 206 watol AbEtheq. 1.

HLB= —"_ (eq. 1)

O #AdF=% vwddde 84S 3A717]1 9138l non-ionic F3HAIQ] tween 80 (HLB 4.0) ©]

O

@)
o rE oMy o oo

ot
v

9]o| anionic A1 BAIRI(HLB 1500 <33tk kA9 vl&d wet HLB gte] @b

, O]E-*?ﬂ HLB #toll & veodde] 545 Z2AFsih

A o2 O/W emulsion®] HLB value W9+ oF 871802 d&HA 9o F+ <l

10714 H9 WelA dEBAdS AL, AFIAA = FE3std AFozE sty
A= AA AFIAA o Bol AREH A e HAEY] S Eoldal skle
AZEF ol dolM= Azs T et A S dEde] PgEo] HAo 3

3-2-102 HLB valueo W& Z&3FEE YeodAS Ax 2o ojde 43
g RO R U FIAE 1 19 HERE

7d3sle] HLB #te]l 10.2, 10.6, 11.0, 11.8, 12.6, ¥ 13.8% @At} =9 e 299
FAS 27 YA 8% (W1 80%(W2) F 7HA A S 7z 4o Botth
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Particle size (nm)

% 3-2-10. HLB ] @E A#FFEE Hxddd Ax 24 H&

o A& Tween 80 =

HLB | Sample NO | = o) (%) (%) (%)

H10.2 450 3.00

H10.6 413 3.38

H11.0 3.75 3.75

W1 75 85

H11.8 3.00 450

H12.6 2.25 5.25

H13.8 1.13 6.38

H10.2 450 3.00

H10.6 413 3.38

H11.0 3.75 3.75

W2 10.0 80

HI11.8 3.00 450

H12.6 2.25 5.25

H13.8 1.13 6.38
250 - HLB value

CER el (0] i 102 106 11.0 11.8 12,6 13.4

200 | Particle size (W2) = 0 y ]
150 4 c i E -10
100 i E 20 |

H H E I
%01 b I ' T T

g »1 . ! ’ = T
1L S LR
10.2 10.6 11.0 11.8 12.6 13.4 a0 4 O Zeta potenﬁal (Wl)

HLB value Zeta potential (W2)

a9 3-2-37. HLB o W& F3FFEE Yo EAY dx=7], PDI 2 AetA 9.

O oA AzNM HF ABAL Az AAAE shtel FAAT e B
the F 74 olge] A e 549 fadE EEves ne4i gge b
e digol gol AaHw Uitk

O 29 3237904 mi A% 2ol HLB gol we 2483EE droude) dAare
°} 666 2346 nm AbelE UpehilE, Wish W2 2d oA HLB gl w2 9
S7)9] Wk Tpe 4L moln Ytk &, HLB gol 106904 7+ e 9
717b wEl A3, HLB %ol Z7hgel met 94a71s 34 Sk 438

%
O Aetdslel A%, HLB gl w2 Agde dad &
™

oA °F -36 mV=Z - AT FFFEE il
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(3) Lab-scale 7&%—"1“

HHN'
_\;
M
-3
i)
2

st}
Aoda) G2do] 3-84S magnetic stirring .2 30%3F Helste] 1902 A7), v
© = high speed homogenization (HSH)E 5000 rpmel Al 1087+ A 2|35, o]o]A probe type2]
ultrasonicationg 40%2] % & (amplitude) .2 15%-3F #23} e},
O Lab-scale?] #4&5EE Yo Hd Ax gAY 34L& 19 3-2-387 29 3-2-3990 AlHlez
LER AT

o o ot 2
(o E?_L'
ol

a9 3-2-38. (A)2Y’H(oil phase)T (B)F/d(aqueous phase)d] A= FA.
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19 3-2-39. Lab-scale Y924 AZE 93 (A)magnetic stirring, (B)HSH, ¥ (C) US 4.

(4) BFFEE YxdEdde 54 2 AFH IF 4

FEFEE drdEde] Jedl 548 #4387 98 AME 1 ulLE carbon coating mesh grid
o loading ta, oF 2i3F g3k & P2 FES StERMolHE o]&dto] Sk, AE =Y
3 FEEF TAL 33 vk geS 2% phosphotungstic acid® @A &ke] Ao A 1247k
AzAAA TEM gridel A2 Z®HS ¢83 & TEM B4 E o]&35te] Fa5EE o
Aol 4 718 g EA skt

9 3-2-40°14 Kol AEFEHE o d A9 one droplete] TEM image 78 Ei& EFIEoZ o
AL, Pz AV E YeERA7E S48 jAAr]] A g vl welel 27190 100 nm FEe
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100nm e = ) o 200nm

- 100nm

g 3-2-40. AFFEE Yo dHd9 TEM images.

O A3¥dF=E vwddd Alx Al AFF229Y TS 1000500% (w/w L9)= 8o
el 3HrE AR S #AE] fs o 9% AFY %
spectrophotometerZ ©]-&3to] 425 nmollA] s E ZAHsle] FF4S 246
29 FRAEE FAsto] AFRY FFE ALtst

O FAWYHL2 A% 1 mLE 9 mLe methanoldl] g :
ol F7tsell wet AR FHFE Frhsk=d, 100% dEFEES HUke Al

AN 1e BN
> o ot

TN
el oo 2

=

ot
o
ook
ot
b
i
o\
ol
_OL
2
ui
ol
ol
o
rhe
o
1o

it

9,
- =
> G ¥

i
o

NA = 326 ug

/mLe] AFRle]l EAHSAI, 500%] dFFEES MM A= 7652 pg/mLe
Z15tRlo]l sl ATk o= ARFFELE FEol TriRtl wel ARl R

F7bshe A% nyou A%l masae g

¥ 3-2-11. ZFFEE FF #E yxdddd Fd AT TF

BAEFEE TF A F=F

(%, w/w 29) (ug/mL)
100 32.55
200 144.55
300 347.64
400 560.85
500 765.25

U, Z3FEE YxdddY giF S 9% scale-up 34 &H
(1) Pilot-scaledl A9 AZFH &Y

O 7oA AdF=E Yo BdE esletr] AsliAe gLt Aldo]l a3k, lab-scaledl A

Az 50 mL oA 1A pilot-scaled| A= 1.5 LS AAstar, 29H4) plant-scaledl A+

ole ANT Q= AuE TEedh

- 170 -
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O Scale-up&

ultrasonication probe:= FH

< Lab scale >

QI8 A= ultrasonication®] capacityZ7b 10 L ]
o wet 20 L7HA %= A7} 7hs sttt
O 1% 3-2-41% lab-scaleol| A pilot-scaleZ scale-ups 9 A&
= Ad 25 L7 A7t 7ks
20 L7 A 2)7F 7hs

A 5 glofok s, @A

gk HSHe} US vl &olth. HSH

3+ Dispersing Tool “HT1025” probeE Ab&3l3ia, US AgE F
& probeE AHE-8HSATE

V—tss—'?
s ey
\__:/

< Pilot scale>

1% 3-2-41. Pilot-scale (1.5 L) 3"}" & HSHSF US v E.

O Pilot-scaleol| A ¢] 7+3t

=

ST ==

YioddS Az A =
2o vg®2 AAFA(E 3-2-12), magnetic stirring-S 300
rpmol A 2027 A8k, US Herghs 30 99 = oo

ZAL

d2 lab-scaledl A HA9] A}
rpmoll Al 2417k, HSH A 2]+ 5000

& 6A1ZHE60E) 74 A 2] 5k

¥ 3-2-12. Pilot-scale (1.5 L) A4S 93 A& v &

MCT oil F A E Tween 80 DW BEAFEE
(g) (g) (g) (mL) (g)
1125 61.875 50.625 1,275 22.5
HSH HSH Us Us s s us s s s s s s s
10min 20min 30min Gmin Smin 120min | 150min | 180min 210min [ 240min 270min 300min 330min § 360min

a9 3-2-42. US A ¥

Az 2 pilot-scaled] ZAFEE Yo dH.

9 3-2-42+ HSH #2] & US AHgAZk W& pilot-scale?] ZA3F=& Lo dA
S Yeld ARZlolt) g A B%o] HSHE 108 20% A2dt A9 FSsHdd Azt
gt F YT 2 AS B Qe FrHA R US Ay Algto] F7bstel wet i
g T AETt st AEFS EAt



O 3tAIRE US AHg Alztke] 210 BAI B0 7HA &= oA 714 §ozne s = & g
7F AL, US Al 240 (44131 o] 4B = ole s & F27F @& E A Fo}
3 o]%ke]l US Ae] Algto] HAasitial Ae

O US AAIZEE 3004 Hd 360 (6A1H o2 S7kstHA US A7 Algke] W& 4=}
A7) WeE a1 3-2-439] YERU AT Pilot-scaleZ Alx® 7F3
o dA=A7I= US AHgA|gbo] 3089 A% Hit dxe] =277k °F 6233
lab-scaleoll A Al Zat = weF vlwste] vig- & YAV FAHASES & 5 AATH

1

"
MN'
m{n
-
b
-
1L
2

O 53], &g/ #ZHAE Hd 2107 HdAE fg=ke] A7]= 9F 3341 nm FoH,
240% o] Agstd S Aol 300 nmolske] PRI AFzEHE AS & AATh

O US 6A17H360%) 283 AJ7E 1788 nm= 200 nm ©|3te] JAE AxET F AN

, A A A S g A E 6AIZE o] US A& o]&ste=d o & ol

qef Ao 644 AR

700 - 2.0
6%13:3
600 - IParticle size
533.8
iy Ea 5.9 4877 —PDI .
£ 500 - 4«’% % 1
B 417.3
& 400 £ 385.6 -
@ 3341 0 2
< ] 284.8
E o e 2173
5
S 201 il
0.5
N RININIAN JJH
0+ n T —— 0.0

30 60 20 120 150 180 210 240 270 300 330 360

USs time (min)

18 3-2-43. US A A 7o W& pilot-scale FFFEE Yo dAY
Aq==7] ¥ PDL

(2) Plant-scale®] H&%F Yo dd AXE A3 &7 A%
O Plant-scale (10L ©]’)e] t&&F YwolEAES A=xst7] 9%
Azs7] & 2 a3d =7 (heating, cooling, A3t &
of AA A o m A&t ATHTH 3-2-44).

O ZA3FgF&E YHudEds Axss dAHAE od4y 4% &£38 = F& U=
mixing FX¢t ZFEFEEES oil phased HY Wl oF 7B5E ZEAA Festy] wtol
heating system, ultrasonication *2] x|, Zg]a US A A A= €& FF7]

&3t cooling systemo] = &3]t}
O o1dY 372744B-‘-‘4 EHeld D2 £¥xr oddy #4e & A3 £ (mixing)d
= e 13 EF7]oH, @& US HEE 913 23 vks-7] & US ﬂﬂ Al H”ﬁﬂ
’2} AA3t7] 9%k cooling systeme] 2% of
Hd, O o]FHEZE TFFA RFEx
o]&% FHdE e

do ! m
w

2

7]

X e

2o
o
o 2 o

@ W oy
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A .
| Ultrasoni ‘
probe 1 El El
=) e
- u +4+ 4
— @, |Q| 4+
Coolant |, Heating system
inlet (100C) &- i ﬁ U
— g} Coolant i d
outlet N "-'ﬁ§ ~
o == W L
: gt { .
é L) - = 1wl
i 7 - L) o
bt
B |
B Lj< AN i Ll
240 mm 1
< stinfig — [ :

Sample out let valve

I3 3-2-44. Plant-scale

O ¥ 32-132 10 L 7529 & Yx A,
o] B]&2 lab-scaleoll A AAFE HA9 =1& wktt
O 1% 3-2-45% plant-scale®] Aihs 913 LA 749 Az FAHS HAFa glon ¥
P} w28 she TS BT gl

¥ 3-2-13. Plant-scale (10 L) A4E ¢3

MCT oil #H A E Tween 80 DW BEF=E
(g) (g) (g) (mL) (g)
750 4125 3375 8,500 150

d3HA)FH 3B AxTA.

to

19 3-2-45. Plant-scaleZ A|Z3l7] 93]
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Toe gzeg T — o
FPulse 63 01 frel ©3%
.......... =y

sl

sle

7
s
i 3
o

O

A
e ST 1A &7 9F 23F wES-7)7F AAE o] il heating 2
cooling systems 43 4 o] tFArto] 7hssk vkg- 7ol AA ) 8=Fe] e
= 4

=8 UxoEds Axst

[ S &

19 3-2-47. Plant-scaled W& % w--&

~
s}
N
gk
o
il
i
<
s
2
12
A
N
N
ol
N
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(3) Plant-scale® € F Jxddd Ax &3 &9
O ¥ 3-2-13 et AEn &R oA =4S AR 13 E7]0 AlxE oIy
TS 9a, R 2EoA HoFHA wdsA T ok ddsA EFE
o AAS Az}

y* H
E3eNg 23 WS 1R A US Ha Azt e FegFEEd ko
o A7kl wE dxte] 7|9} AEAYE =AE A}

a

H 3-2-482 plant-scale®] & WHE71E ol&sly AEFEE vUxdEds ALt
stAA 12 7oA Egd dE A US A 3A1%F 4417 SAIZF ek 43} 3
A& ARS YR 2ol Bl 12 &322 0k &5 oHAe] A AE
Fo FEE7F FEskA #FEEA D, US HgA|zte] 7ol mat 287t gle A
& AAFEE U udor wEYS #2F F AU

Stirring US 3hr US 4hr us shr
1% 3-2-48. Plant-scale® &% W37 & | &3 AFFEE UxoEA.
a9 3-2-49% plant-scale®] W& WSR2 A XSHA US AHA|te] wE e
S5 YwogAde dx=7], PDI ¥ AEAYES YEl Aog IX} TGN AzxzH
A A% QA7 o 7388 nmolv] kel AN mRe] FRels} gov, Ae
Q915 240] @ AL, AT US AelAl kol 340 E DAl A A
S oF 230 nm7b W9, 4417, BARReR US A eAltre] F7kael uhek hxr)
7

= gL 723 1376 nme JAE IS F AU
At glel Afol= oF -33 mVE YERNI o™, US A Azke] 3AI7E o] Tl &= {9
A1 Aol = %}M ekt

o] A9 = 10 Lo 982 US A7t 2 HEste] A& #3g=ZE oz
> 98 LZ 98%9] &< et

=
_’—L

o
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US 3hr US 4hr US Shr

900 CIParticle size 08
800 1 —PDI
mwd [1] 06
600

500
J[\ r 04

400 \//’/_

300

10 4

220 4

Particle size (nm)
1ad
Zeta potential (mV)

F02 30 4 T J_

200
. Ll ‘ .
100 1 ) I
1l onl,
Strirring US 3hr US dhr US Shr
1Y 3-2-49. Plant-scale®] & Ht&7]dA US HEA| e WE FIFEE
Yo Ede 4x=27], PDI, 2 ASAH.

(4) A xg&Fd ME FAFESE Uxodd ¥4 =4 vu
O 1% 3-2-502 A3dFEF= YxolHHde lab-scaledl A pilot-scale?} plant-scale®z 2]

=
scale-upll o2 FH Ao Ax FAES vl Hoju

= h 84
Scale up Scale up
30mL ﬁ 1.5L ﬁ 10L
Stirring (75°C, 300rpm, 2hr) Stirring (75°C, 300rpm, 2hr) Stirring (75°C, 2hr)
+ N +
HSH (5000rpm, 10min) HSH (5000rpm, 20min)
Y ¥ US (3s-2s, Amplitude 80%,
3, 4, 5hr)
US (3s-2s, Amplitude 40%, US (3s-2s, Amplitude 40%,
15min) ~ 360min)
€

HPH (10,000psi, 3cycles)

98 3-2-50. AlxEFd & FIAFEE YxdEA Ax =4,

O Plant-scale (10 L)9] &% vk$
A7)7} pilot-scale (1.5L)2 A Z8k Yo d A 13|
] Ao w 2o FgS yela ded), o] ¥ E F8 FAe 1

7] W o Helth(2y 3-2-51).
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500 4 P [ o8
[Particle size (1.5L)

mm Particle size (10L)
400 B —PDI(1.5L) -
—pDI (10L) )

300 4

1ad

r 04

200 +

Particle size (nm)

02
100 -

w

4 5
US time (hrs)

Y 3-2-51. AlZ& % US A7t & dA=7] £ PDI

O 2% 3-2-52& 7t &% HHo] AzxzxAow Ax AL W] FIFFE Yoy
Ao gAY 2 AEANE v ACR lab-scale (30 mL)ol M= US A A=
Fra, Axd JAe A7 e AN E S Ao scale-upel WE Alx &0 F
Zhghel wel Az A= AA SRR, Ax® vhedud o] AVE St ke

%]

5k O
Fo B
an

M4, pilot-scale (1.5 L)t plant-scale (10 L) = At & w718 o1&
AEFEE dedd@dL 4 2717k 1376 nmel™, AEH9E -3352 mVE L st
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TE-NEP Milk TE-NEP-M
x 400

x 1.000
a9 3-2-90. TE-NEP, milk, @ TE-NEP-M¢] confocal images.
(U) &Ffo 83 AFFEE JedEdde A5 93 28 2 AA
O $oll A&3 TE-NEP9 &S 98] A4 71E o] &3te] 10,000 rpmel A 24 7HE
F AR ¥ 5 YA=7], PDI H AEASE SAAH AR T AIRE 2
3ewoZ UFAL. FHS5S Top, 35S Middle, 18] A H H S Bottomo =
Tkl Tk
O dAAEe ¥ e, T, stede dxAa7]5 FA4AS W 19 3-2-9144 EHe=
Ay} o] Fzkolol A7 7F 1228 nmzE 7FE Zkow e o] A= 4715
nmZ FAe] A=A 7)ol Hl& oF 4u] F JAFEC] AT ol ERTE H|Fo] v
AgEo] g Hol WEehbA Yete ddoE Bl
O a5 dAA7IE 2079 nm=E AFFFE Ywoldde] 7] 42371 1987 nmeh
71 FAEE AR AVE Bk e Aetd e At s e H$ -583

-
mVe| & Holil FENAL -299 mVE Bow dede] AS -656 mVE 723
FEE HolEde] 7] Algtdefel fAE d3E Bl
of whal oFzte] zbol= HolA Wk BE A 0.3 o]ste] v FAE

T % 1
Bolal glo] Zh Fol = dAEe] #deA AT Ao Bl
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33 gE thead L AFY ATSY - ANARY B L AYBY &

olf

L A%E GeaAst AF AZ 54 2 AW 284 P
7o g0 Arels 2 AFH 2A9 54 B

(1) 24 Detol=(F58)

b AEF Bgez 2o Aeel= (352)9 54 %7t

Tetrazolium-based colorimetric (MTT) assay, Lactate dehydrogenase (LDH) assay

(Natico)E A3+ AxF AWEF (survival rate)o] WFET (contro) @ F-AMSHA B o] A
=AS YelA &kt (29 3-3-1, 3-3-2)

A 120 1 | Collagen extract Naticol [N SW-CNT |
e ES - ==
' = -

80

60

Cell Viability (%)

40

20 4

T T T T T
100 200 400 800 1000

Concentration (ug/ml)

(ug/me)
400 800 1000

e -- . : | --
5 -----

Dead

¥ 3-3-1. HOC2 Cardiomyoblastol A Z &4 Helol= FEE 9 /‘ﬂE%/‘é =l
(A: MTT AssayZ 3 B: Live/DeadZ 3})

- 218 -

O thst =258 Al3EF HepG2 Hepatocyte, NIH3T3 Fibroblast, HIC2 Cardiomyoblast St/ 2.

2 2Tl Jeol= FEE] AESAHS A 8, 22kl FEEs s=EE A

=t}

Live/Dead assay & T3 27, BE Agls®: 2710100 pg/mL, 200 gg/mL, 400 pg/ml, 800 ug
/mL, 1000 pg/mL)olA Z&}Al Mepo]= FZE(Collagen extract)9} A-83td bl Felo]=



O W A 54994 dxeEd (SW-CNT)E Ae AxFe] AEES 943 Faste] HepG2
Hepatocyte, NIH3T3 Fibroblast, HIC2 Cardiomyoblast o AE=AS vehs AL gl
T3k HIC2 Cardiomyoblast Ao i3k Live/Dead S4 H7F 23 bl HElol= F&55
(Collagen extract)¥} -83t¥ ZehAl HEfo]= (NaticoDE F% EE AEeS v BE Ads
LolA MESAES Holx ston AAA F4o4 Yre=d (SW-CNT)Rko] Al Z4-5 B3
ouv g oA MTT assayollA] B7Fg HIC2 Cardiomyoblast MEF9] AE AEE Al A&}

rk (719 3-3-1 B).

120 120

[ cotiegen extract [ waticol [ sw-onT | [T cotlegen extract [ oticol [ sw-enT |

=

>
w

s £

= ==

100 100 4 5 Y =

Cell Viability (%)
Cell Viability (%)

800

T T T T T T T T T
100 200 400 800 1000 100 200 400 1000

Concentration (ng/ml) Concentration (jg/mi)

(pg/me)

icuuagen 5 --- --
“----
i -----

19 3-3-2. NIH3T3 Fibroblastol A Z84 Zelols FEZE9 MEEA AZ
(A: MTT AssayZ ¥ B: LDH AssayZ 3 C: Live/DeadZd 3})

AT HepG2 HepatocyteE dl’do=z 3 Zepil fetole FE2E9 MAEmA Ao 22

Ho = AE =4S 537}8}92 . AIXF HepG2 Hepatocyte thAto.z 54 Algl Azl Feba #

E}O]E FE=59 749 HIC2 Cardiomyoblast, NIT3T3 Fibroblast®} AFsH cell viability 2A3=

ack = RE AyEE 24100 pe/mL, 200 gg/mL, 400 pg/mL, 800 xg/mL, 1000 pg/mL)ellA]

E‘ﬂi Fepo| = FFE(Collagen extract) 9} 3-83td 284 FElo]= (NaticoD)= MESAS U

BRI Al egokom whdol ZhAjA  =A4] o4 b} 24 (SW-CNDE Agd AExF AEEL
A N

MTT assay A3 A3 Jehj= AL
%100 pg/mL - 1000 gg/mL)elA] 80% 01@4

E/\
o=

- 219 -

319 21} LDH assay w4 ZAoA &= BEE A
cell viabilitys 2t} (719 3-3-3).



120 4[] collagen extract [ Naticol [ sw-cnT | 120 { [ collagen extract [ Waticol [ SW-CnT |

100 4 % {_

80 4

>
™

le {]’F —:[r 100 4 = ES Lt = L_F

80 4

60 4

Cell Viability (%)
Cell Viability (%)

40 4 40 4

20 4 20 4

100 200 400 800 1000 100 200 400 800 1000

Concentration (pg/ml) Concentration (ug/mil)
198 3-3-3. HepG2 Hepatocyteol A S84 Selol= 589 AEEAXN AS
(A: MTT AssayZ3 B: LDH AssayZd3)

(W) €& vl A2E ez 284 Ao s (FE5)Y 54 B2}

O ¥z vl Al¥E (Primary Cardiac Stem Cell) thdo2 Zehdl Felol= FEE2 AXSAHS 4
=o7] fete] FEH FEES ¥R A28 Tetrazolium-based colorimetric (MTT) assay
= FY% 43 g HAElol= FEE Ay 1 24000 pg/mL, 200 pg/mL, 400 pg/mL, 800
pg/mL, 1000 pg/mL)olA Z2hAl Felo]|= FEHE(Collagen extract)S *2]3F AEF] HEE
(survival rate)> tZ(contro) 9] 80% ol o2 et FE2ES AT A &2 celle] A
EEI FAEH BEE AEsAdS E‘”Vq AR A2 F% 1000 pg/mL ©]/dol A Primary
Cardiac Stem Cell 9] viability”} #4 st Aoz Ay sk, 835ty Zehdl FElol=
(NaticoD ¢} A4 5494 Y=EZ(SW-CNTE At AEXFo AEES BE A v %
(100 pg/mL - 1000 pg/mL)oA & cell viability %5 H.o] Naticol?} SW-CNT+ 2E A
gl 7% 271( 100 pg/mL . 1000 pg/mL)ollA 2244 FE23} Blulste] o w2 viability S 2%

all

o (€ 3-3-4).

120 4 | Collagen extract Naticol [N SW-CNT |
100 A % {I’IT

2 1

< 6o %

=

2 1

© 60

=

8 40
20 4

0 T T T T T
100 200 400 800 1000

Concentration (pg/ml)
1% 3-3-4. Primary Cardiac Stem Cellol A Z&4 #HelolE FE2E AEEAH AS
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(2) AR 2 A
7h) AEF gz AFA oEHY 54 7t
O vt A4 AEF (HepG2 Hepatocyte, NIH3T3 Fibroblast, HOC2 Cardiomyoblast) thAFo.
B AR oEde] AExEAS ASstEl AFR olEAd (Curcumin), 235%= (Turmeric)
2 A =494 vreEd (SW-CNT)= =2 E A st Tetrazolium-based colorimetric

(MTT) assay, Lactate dehydrogenase (LDH) Assay % Live/Dead Assay & $3)3}%1

120 4
A [TJcureumin [ rurmeric I sw-on |

100

& = = —— =

80

60

Cell Viability (%)

40 4

20

0 T T T T T
100 200 400 300 1000

Concentration (png/ml)

B (vg/nt)

iTu'meric --- --
= - - - - -

Dead 200um
—

a9 3-3-5. HIC2 Cardiomyoblastoll A AFH DAL AXZAH HAF
(A: MTT AssayZ 3 B: Live/DeadZ 3})

O AMEFe gk A odde] 5497 He 2439 Be AgsE 240100 pg/ml, 200 pg/ml,
400 pg/mL, 800 pg/mL, 1000 pg/mL)olA A o2 H(Curcumin) = At AEF] AEE
(survival rate)o] tZ (contro)®] AEES] B% ol Fwo= FAH o AFY EHHALS =
2fef AEF<2 HepG2 Hepatocyte, NIH3T3 Fibroblast, HIC2 Cardiomyoblast ol Al Z54S 1}
BRI A egkek (L' 3-3-5, 6, 7).

e
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A

Cell Viability (%)

>

Cell Viability (%)

120 4 120 4
‘I:| Curcumin :] Turmeric -SWVCNT | B ||:| Curcumin :] Turmeric -SW—CNT
wo | BN T 0] = = . o y
h =
=34
80 4 B3 < 80
=
=
80 4 T 601
=
| © i
40 O 40
| i {—i 1
0 T T T T T 0 T T T T T
100 200 400 800 1000 100 200 400 800 1000
Concentration (pug/ml) Concentration (pg/ml)

1Y 3-3-6. NIH3T3 Fibroblastoll A A7 oBAH] NESH AS
(A: MTT AssayZ 3 B: LDH AssayZd#)

O A|XF HepG2 Hepatocyte, NIH3T3 Fibroblast, HIC2 Cardiomyoblast® th’g o 2 3t 54 37}

A 78 F2E (Turmeric) A Al AEE(%)o] FAA =549 HeEZ (SW-CNT) A

of AEE W} Yol A% FEEo| U £ in vitro AIEEAS Bels & F Stk o

2Rl A% FE=] AN IS L1img/g FEoE, AR AdAde AFw T (4.33
oF

979 =2 9 curcuming E3eFal 9lar, ofdl wE v viability 2= A

)
2 o
l-‘l

23 o AlEEAY Bt Adst 4 oy & A3 FEEC
=2 curcumin $FEo] AMXE AAS At SW-CNTHUY S =F9] cell viabilityES H.9 A
o8 Yetuth 4% FEE % SW-ONTE A3 A7 ALES BF v% g o= 7t
Ak AdE Bt
b, 48 FEE Y A S0 =EBEOW-CND= B AE 2 $20100 pg/mL.
1000 pg/mL)ol A 228 A2 HepG2 Hepatocyte, NIH3T3 Fibroblast, HIC2 Cardiomyoblast
o AEXEAS YehllE 2s stk

=

1 120 4 -
120 ||:| cureumin [ Turmeric [ sw-cNT | B ||:| curcumin . 1 turmeric I sw-cNT ‘
100 4 100 + iL {_
Ea
&I £ T u & 4
=
80 — 804
=
=
=
60 ® 604
=
© |
40 - g
20 20 |
0 : 0 ; ‘
100 200 400 800 1000 100 200 400 800 1000
Concentration (ng/ml) Concentration (pg/ml)

19 3-3-7. HepG2 Hepatocyted A AF5 dEARA AXTEA HS
(A: MTT AssayZ 3 B: LDH AssayZd#)

- 222 -



. 224 HAEols g AFH 2AY FHAEA Bt
(1) 2234 Heo|=(F2E)
(7}) MEF HepG2 HepatocyteE td oz ZtA JFEtol= (F&E8)
O YAl ogh Ao DNAEY 98 As At 7idd Zepd JQE}O]‘: (—ir%%)fﬂ Z
A FASA oS5 ety A W o ® AlE5 HepG2 HepatocyteE o= 3 745
A H7vE 23390 tl. Alkaline condition single cell gel electrophoresis (comet assay)Z ©]-&3}
of e}l HMEpo|= (55 )0] HepG2 Hepatocyte Al3Eo] W X]i= DNAEA o5 =43 Ay}
BE AY % 24000 pg/ml, 200 pg/ml, 400 pg/mlL, 800 pg/mL, 1000 pg/mL)°l|A Nuclei
comet taile] #ZE A gFrornz Fepdl FHEtolt FE2E2 MAET HepG2 Hepatocyted] 71
A4e UEhA 55 skt E 3-3-8).

Lo
_|_4
oZ:
o
N
—_

Concentration (ug/ml)

O Z#H Helole FEHEY Tds xpaor A8stE Feba Heo)l= (Naticol)ol ¢J3F HepG2
Hepatocyte2] DNA <=4F o H-%= 37 £2139 ) Single cell gel electrophoresis (comet assay)
£ ©]§, AlE DNA° WA= FH54 H7HS 918) vista green DNA dyedll €8] 94¥ Nuclei
9] %%L% wae Ak AEe] DNA &40 2 213 Nuclei®] comet tailo] #H2E A eFokt}, uje}

A, 2 HElolt (&%), A8std 2 e =(Naticol)7F EE A2 % (100 ug
/mL. 1000 pg/mL)oll A 22 el MEF HepG2 Hepatocyte ¢ DNAEA ol 3FS njx]#] &S
g3kt

(2) AR AEA
(7}) M £ HepG2 HepatocyteE tid oz AFH dHA] FAFAH H7)
O AF¥ oldd (Curcumin)®] FAH FH54 oFE Hristy] AT BHoz NEF HepG2

Hepatocyte® W o= 3t A4 H7HE sttt YeiAel ofgh Alxze] DNASY 93
S BAetE W o2 glkaline condition single cell gel electrophoresis (comet assay)< ©]-&3F
o} ohdt Ay vE 2AS A AFH olEA (Curcumin)©] HepG2 Hepatocyte A 3]
H2= DNAEY Aes #A4¢ 43 25 Af % 2210100 pg/ml, 200 pg/mL, 400 pg/mL,
800 pg/mL, 1000 pg/mL)olA AT HepG2 Hepatocyted] 74 HAS UERA] &S &9ls)
ATHZH 3-8-9).

<)
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Concentration (pg/ml)

oo AR &4 R /A FEE AE 54 B
(1) A7 dEA
7hH AxF ez AFT JEHYd AX 54 H 4 54 H7)

O

Cell viability (%)

ZA 58] AlEF NIH3T3 FibroblastE tiAt o2 71749 o|dde] AE=AS 7H53s7] 98, 7
FuooEAS s=E (wv)E AZste]  Tetrazolium-based colorimetric (MTT) assay,
Water-soluble tetrazolium salt-1 (WST-1) assayES &3 23 MTT assayolA+= 0.25 mg/mL
SE olgte] AFY ANHEHE A METE 0% o] AESE (survival rate)S 2P 2™ 05
mg/ml¥ 1 mg/mL 5529 AFT ddde Aed AEFY] AEES BF &% oletz AE9
=4S et WST-1 assayol A& B wXoA AX 545 Holx| &t vhdd 7

=
FERT A9 BE assayol A AFFEELY FE7t F71El what AlEe] AEgo] gadto,
T #

o 3-3-10)
B
EE curcumin EE curcumin
turmeric 3“3* E=4 turmeric
<
£
=l
©
-
©
o

mg/ml

19 3-3-10. NIH3T3 Fibroblastil A AFH FE=9 AXEAH AF
(A: MTT Assay, B: WST-1 Assay)

3l NIH3T3 Fibroblast Al 3 Live/Dead assayS %l Al¥x9 ZAS Hriet A3 7
Fu odEds FEE (0025 mg/ml, 005 mg/ml, 01 mg/mL, 025 mg/mL, 05 mg/mL, 1
mg/mL, 5 mg/mL)Z A3AE W 5 mg/mlL FEE A BE HYsEoA AMESAHS B
ol#] Ut Lt 7@]’%%%”‘0 sk MR A 4F, we7F S web AlEe Abd
b S7kste] F2AEQ] NIH3T39 471 @43 Sol=v & How (¥ 3-3-11), °l
Av= 9 a9 3-3-13 sde S e itk
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Curcumin (mg/ml)

un 0.025 0.05 0.1

Turmeric

a9y 3-3- 11 NIH3T3 Fibroblastil A A#FH FEE AEXSA
(Live/Dead Assay)

O thxvel 23 FEE9 A =2 5004 ug/mg Fo=2, AT oHAde A5 shaF (3.3
1 e viability A3+

(WU) da widF AIEE oz AFY dEd A 54 B37)

O A& Fel ¥a wlF AlE (Primary ardiac Stem Cell, Endothelial progenitor Cel)E tito& %
g AR olHEH] AE S HFE] fstd AFR oEAS w28 (0025 mg/ml, 0.05
mg/ml, 01 mg/mL, 025 mg/mL, 05 mg/mL, 1 mg/mL)Z A& 3} Tetrazolium-based
colorimetric (MTT) assay % Water-soluble tetrazolium salt-1 (WST-1) assayS 3331t}

O Human cardiac stem cell& W o2 MTT assayE A A}, AFT oHEAS Hels =
A AE AEEC] &% olFo®m AE SAS YA fen, Hludow ARRY
FFEEES A AxddA = AT wiol wet AlE AEEo] Faeks S IRl (2
& 9-3A). WST-1 assay (Ez-cytox kit)E 2 A|8t cardiac stem cell®] 4-$-ol& AFH o2
0.1 mg/ml F=7H4 ME 545 YeblA] &%, 025 mg/ml o3 FEoA= Uk v EA]
¥ human cardiac stem cell®] AEE0] 8% o]stZ AX A4S Bt (19 3-3-12B).

o, l‘lﬂ
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b
w

1204 E=l curcumin 1204 curcumin
- g s oo .
2 10044 turmeric 32 1004 E= turmeric
£ 80 £ 80
3 3
S 01 s 60+
=
= 40 = 40
3 (]

(SR T 20+
o 0-

mag/ml

a9 3-3-12. €A Wl FA X, Human cardiac stem cellol A
AFD dERA AFEEA H#AZF (A: MTT assay, B: WST-1 assay)

O Human endothelial progenitor cellss tAo.2 MTT assays AAIgH 23 AFT EdS A

2 e 2oA Ax AEE0] 8% olgeR AE 545 HERA %?9}-‘2‘11 H LT 0 2
AHEE ZEEEETS AE AFdAE 025 mg/ml FENAEE AE HBEEo] 7FAd]
Az 548 Yepddtr (17 3-3-13A). WST-1 assays AAIgH 23 MTT assayet & Y3sH
AR o EAe AR EE A Al AEeo] &% oo r AE SAS HolA ok
on ZFFEE o] A% 025 mg/ml o149 FEolA HEe AELC] 8% olFtE AHE
=4S et (29 3-3-13B).
B
A
EE curcumin B8 curcumin

;? turmeric a? turmeric

z g

= )

2 =

3 3

mg/ml mg/ml

19 3-3-13. 4=} Wl ¥ A ¥, Human endothelial progenitor cellsol A #AFH o d A9
MEZEA AZF (A: MTT assay, B: WST-1 assay)

_0|L
£
2
of,
)
m
0,
i)
J]}J
ol
a3
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2) #7 AE F74 138, Agol=+i4, AELF+H7A
7 AEF gz §3 4S9 =4 Bt

O

a4

ZA e AEF NIH3T3 Fibroblast o= 2t ME (72 1=, Jefo|=+fmal, 2 E5+
T2 NE=S AF908 FA4 AES dAH 20, 40, 60, 80% (v/v)= 3]413ke NIH3T3
Ao Aglstd e, MTT assays F3dstAth. MTT assayE AAISH & o} A% #H7shA] &
& Axe} sty AE AEES Ao, 20% A Ee|E AES AlQEta BE 27

oA 80% olate] ME LSS UEItH2E 3-3-14).

EZA control
E= liposome
E3 peptide

Cell viability (%)

20 40 60 80 100
Concentration (%)

3-3-14. A ¥ NIH3TS3 fibroblastdl A 2 MZ2 AESA AF (MTT assay)

(W) 44 WlF AlE ez 2 AE9 54 971

O

—_—

Cell viability (%

A=} wjF Al Endothelial progenitor cells (EPC) thdo.2 fAF AZ (FAF 13 E, FEfo]=+
2 xS+ MESAS HATe7I9le A AES A7 20, 40, 60, 80 % (v/v)E I
Asle] EPC Al3Eo] 2glstgd o, MTT assay, WST-1 assay, Live/Dead assayS 335
MTT assay, WST-1 ZA¥}= o} F- A% H7bshA| &2 Ao} vlaste] M AEES ALtetd e
M, 20% FFAHHEL] = AZS AlEtal BE Z2ANA 80% o5t AlE AEES HAh FA
+3Efo] o] Aol 20% FEOAA oF 90%9] AEES YERNATE

B
120 control 1201 | E3 control
100 @ E=3 liposome 1004 B2 liposome
i B2 peptide > 8o g E3 peptide
= 40]
]
O 201
0-LE 4 [ El= =
0 20 40 60 80 100 0 40 60 80
Concentration (%) Concentration (%)

a3 3-3-15. €2} vl ¢ Al ¥, Human endothelial progenitor cells®ll A
AFD dEAL] AEEA HASF (A: MTT assay, B: WST-1 assay)
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O =3 EPC ¥ak #lYF Mzl it Live/Dead assay

= s
Calsein AM 924 AlekS F3] MoRdles AEES 4 IA% 73401‘3:] 72 A
=

=

Astolth, fA THE, FACUE| S, fAR T /b A4 AES FERQD, 40, 60, 80%)
= Agedle W, 74 1P E 20% FEE AL EE AwsdA A

A2

4% Bt (19
3-3-16).

% (v/V)
100

QX DYE+AAZE
un 20

SXnd"EE+HEO| =

un

100

29 3-3-16. 9xF vl %Al E, Human endothelial progenitor cellsdl A AFH FEFE9

AEXEA AF (Live/Dead Assay; ZE=4: live cell, &4 dead cell)

O ZEZE AMEH o AlE HIlehA &2 2k AP EANAE 80% olste] AEES Hel AS &
3, HEfol=ut glazFol o3t MEEAHORE W= oy A9 Afolle e Axze] =4
S AT A =Ro] Hol Hauxo] 9t E3] 2} W hesperidin AE-S AES] apoptosis
£ T2t naringin i B3 54 wE oo AE S4& AetA depdal gt} o] 2%
& 540= Al 7k (MTT assay, WST-1 assay, Live/Dead assay) 544 37FolA vephd f
ol AT B4 FulE Auer 2 o)
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g AR &4 2 F2A FEEY AX 54 HUt
(1) AFH o2A
FhH AEF gz AFY JEAY AXx 54 2 3 54 371
O ZAf3 M¥ESF NIH3TS3 fibroblast, HIC2 cardiomyoblast, HepG2 A EE o= AT o d

120

o,

Cell viability

20+

= 100
80
60
40-

o

A AExEAS AFHew ATy S8, AR CdEdS %"E%‘ (W)= A8t
Tetrazolium-based colorimetric (MTT) assay % Lactate dehydrogenase (LDH) assayE <33}
Aok 1 A3, MTT assayollA+= 01 mg/mL &% olste] AFY odddES A AELF=
90% o] AEE (Cell viability) S R9o™ 1 mg/ml % olate] AFH o HHAS A s A
X AEE T3 0% o] AlxEe] AEES YENY Y LDH assay9lA+= 0.1 mg/mL &
T ol3te] AFW dEHAS A s AEFE 10% olate] AE=A (Cytotoxicity)S EuoH 1
mg/ml F% o]ste] AR EAS Mg AEF /‘ﬂi%é Tk 20% olsk= MTTe} LDH
ANA sde Az 54 FFS JdFskdnh v —’_F%l"‘f s

=S
assayoﬂ/\1 ZEFEETY s=7F Sl wet Al h«] g

FPN
r o
m
ol
o
B>
_OL
o
R
Fl
oL

- TEP
-a TE-NEP-10.6
b c « TE-NEP-8.6

120
100+

T T T T T T i o T T T T T T T b ‘i 0 T T T T T T T T
0 0025005 01 025 05 1 5 0 0025005 01 025 05 1 5 0 0025005 01 025 05 1 5
Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml)

a9 3-3-17. a. NIH3T3 MTT assay, b. HIC2 MTT assay, c. HepG2 MTT assay

Cytotoxicity (%)

B3 TEP
TE-NEP-10.6
a b c E3 TE-NEP-8.6
100 100+ 100
80-
60-
40-
20+ i
8RR ARE 8RR Ha® Heg A HAE oRtH :AB HRE BAA Hip HMH HAH olla: d.. 830 AL ;1 Ba 5,, 13
0 0025005 01 025 05 1 5 0 0025005 01 025 05 1 5 0 0025005 01 025 05 1 5

Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml)

a9 3-3-18. a. NIH3T3 LDH assay, b. HOC2 LDH assay, c. HepG2 LDH assay

)

hu

ek AR MEF NIH3T3 fibroblast, HIC2 cardiomyoblast, HepG2 A3l t3t Live/Dead
assayE ol AEe] =AS AAAoE Wriek Ay, 77 AFE oEHdS FEE (005

2= o=

mg/ml, 0.05 mg/ml, 0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL, 5 mg/mL)E A=|atAS
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5 mg/mL §EE A e AgsEoA F4% AxAbEe] #FEA gkt ey e
SEUS e HE AYS A5, sEUF S weh AlzAbEe] Stetal M| §3 JErt
dAA3] Eoee AS Balom (1 3-3-19), o] &2 A3+ MTT assay, LDH assay (19
3-3-17, 1
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Turmeric TE-NEP-10.6 TE-NEP-8.6

TE-NEP-10.6 TE-NEP-8.6

Turmeric TE-NEP-10.6 TE-NEP-8.6

a3 3-3-19. a. NIH3T3 Live/Dead assay, b. HIC2 Live/Dead assay,
c. HepG2 Live/Dead assay
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(W) 4z fF AE2E ez AFY dEAY A 54 2 78 54 9871

O Izt el LAk wid MIE (primary cell line) & Wo= Xd AT EH AE

O MTT assaye AAIgH 23} 0.1 mg/ml ©]ate] AFR dEAS At Ao AEEo] 90% ol
qoz AX HAS YehlA gor Hlugo g AREE ARFEEUS AEs M=
0.025 mg/ml FEANAFEH AMEE AEEo] 7aste] HAE 545 Yepddo (29 3-3-20).
LDH assaye Al A3 MTT assay$t frAFHA 05 mg/ml o|ake] AFH oEHES Aesh
BE Z7A MEY Aol 10% olatE MXE SAS Holx| Ztom AidFZdel 49
0.025 mg/ml FEAAFH Az Abdol FZASA F7tetHA Ax A4S Yt (1F
3-3-21).

O Wzl 73 FE2E9 AFY s 5004 ug/mg FFo2, AFW odHe AFT dhF (3.
ug/mg) ] oF 158 =& FEe AFUS eI 1A, old mE W viability A7 AT
Wl % X & AL T A Bt BT ¢ Ak F, 4F F2E =
< AT o] AE S At 2 59 cell viabilityE MTT assay % LDH assay
2 59 4oz BAT & Uk

d e

120 120 -+ TEP

- 5 T - = TE-NEP-10.6
§1on— o0 e ’ +\ ~a TE-NEP-8.6
£ 80- 80+ —_—
2 0l 60- \["
g ~4
T 40 40 %
[&] 4 W,
20- 20
a T T T T T T T T D T T T T T T T ?T
0 0025005 01 025 05 1 5 0 0025 005 01 025 05 1 5
Concentration (mg/ml) Concentration (mg/mil)
a9Y 3-3-20. d. hCPC MTT assay, e. hEPC MTT assay
d e
100 100 &8 TEP
= B TE-NEP-10.6
£ 804 e 80 E3 TE-NEP-86
=
T 60- 60
5
o 401 40
=
o g o i

=&
Aoz AFsH] ¢t human Endothelial Progenitor Cell (hEPC) ! human Cardiac
Progenitor Cell (hCPC)ol A dEHS T=¥ (0.025 mg/ml, 0.05 mg/ml, 0.1 mg/mL, 0.25

mg/mL, 05 mg/mL, 1 mg/mL)Z #g]3}e] Tetrazolium-based colorimetric (MTT) assay %
Lactate dehydrogenase (LDH) assayE =33}

0.025005 01 0.25 0.5
Concentration (mg/ml)

1% 3-3-21. d.

0 0025005 0.1 025 05 1 5

Concentration (mg/ml)

hCPC LDH assay, e. hEPC LDH assay
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O =3k <17k el LAk i AE (primary cell line)®] 7%, Live/Dead assayZ Zaf Al¥2] EA
< Ao R Hrkst Aap 747 AFN dEAS FE™ (0.025 mg/ml, 0.05 mg/ml, 0.1 mg/ml,
0.25 mg/ml, 05 mg/ml, 1 mg/ml, 5 mg/mD)= A2]3}FS W], 025 mg/ml sEo|slol| A= Al EA
ol #FHA eFokth AFH oHA 05 mg/ml o] FrolA e AES] FEseo]l i 7t
AskeE g gRIE = . Yy AEFERES R HE A A4S, w27 Sk o
g} AlEAbEO] Frkekal AR A Jrh dA8] Fojts RS ®Blow (E 3-3-22), °f
2o Axkx= MTT assay, LDH assay (8 3-3-20, 21)¢} 93k 9AS vepfa 9ok

Turmeric TE-NEP-10.6 TE-NEP-8.6

By - .y
-

Turmeric TE-NEP-8.6

a9 3-3-22. d. hCPC Live/Dead assay, e. hEPC lee/Dead assay
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(2) & AF: 72 1FE, Aeol=+f7A, HEF+HH
7hH) AEF QA2 F23 AEY 54 B3I}

O ZA Y A3 NIH3T3 fibroblast, HOC2 cardiomyoblast, HepG2 A EE thdoz {2k FAF+
Hepol=, A+ EF AZY] AE=AFS AFAoE HAFey] dal, v=8 (wv)E At
Tetrazolium-based colorimetric (MTT) assay % Lactate dehydrogenase (LDH) assayS 4-3J3s}
Atk 2 A3 MTT assayol A= 0.1 mg/mL 5% o]8te] 2 MEZS A3t AEFE 90% ©
Aol BEE (Cell viahility)S 2™, 1 mg/ml 5% ©|ae] f-x WZS At AEF A&
& H3 80% o]/ MlEe AEES YESITE LDH assayol A+ 0.1 mg/mL &% ©]ste]

2L A el =) fAE| g AES AHEs AXTE 10% olske] ME=A4 (Cytotoxicity) S
Hom 05 mg/ml F% olate AMEFS A MEF MEEA T3 5% olstz MTTe}
LDHAA Fdgt Az 54 S d5stat. 53] HepG2 cell «] dg-ol= A MTT assay

% LDH assay®] frab+Hetols, A+ EF AEE A3 deiolA 90% o] Ax A&
E‘é‘ —5—;]”?_]6]‘/\/\

<4}
o
(2]

150 Citron Citron Citron
B Citron+Liposome 150~ B Citron+Liposome 1204 B Citron +Peptide
E= Citron+Peptide E= Citron+Peptide E= Citron +Liposome

100{mpE

50

Cell viability (%)

Cell viability (%)
Cell viability (%)

Q.QQQ w@f’ w@ o &f’ S
Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml)

Y 3-3-23 a. NIH3T3 MTT assay, b. HIC2 MTT assay, c. HepG2 MTT assay

a b c
& Citron Citron Citron .
50 3 Citron+Peptide 20 & Citron+Peptide 1001 &3 Citron+Peptide
E=3 Citron+Liposome E=3 Citron+Liposome E=3 Citron+Liposome
—_ - —_
{ a0 S & 801
< < 15 <
2 2 2
£ 30 £ £ 601
= = 10 2
9 204 9 S 40
] e} <]
> s 5 =
O 10' O O 201
o LlHE HHH BEH B | o Lpe 2dl 2 2ok 5B

o

r % AH H_ERIH E Flal=
SPEE e N S P @ NP N e S @ NP P N e

& o ¥ o & o Vo & o O
Concenration (mg/ml) Concenration (mg/ml) Concenration (mg/ml)

39 3-3-24. a. NIH3T3 LDH assay, b. HOC2 LDH assay, c. HepG2 LDH assay

)

ko
ro

, A8 A¥ES NIH3TS fibroblast, HIC2 cardiomyoblast, HepG2 Aol ™3+ Live/Dead
assayE €l AES SAS AEA R WUk A3 44 4, ey, A EE A
Z5 &9 (0025 mg/ml, 005 mg/ml, 01 mg/mL, 025 mg/mL, 05 mg/mL, 1 mg/mL, 5
mg/mL) = XWJOBAE o, =& Hgsoa 5438 MxApdoe] #EE A gkt (19 3-3-25).
MTT assay, LDH assay (Z1% 3-3-23, 24)¢] A FZolA AlX AEE] 90% o] 4S YEeERIH
Ao}t FUg Fds e Sl
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Citron + PEP Citron + 1_1 osomme

C'ﬂn n Cltrr_m +PEP Citron 4— Llpo..mne

a9 3-3-25. a. NIH3T3 Live/Dead assay, b. HIC2 Live/Dead assay, C. HepG2
Live/Dead assay
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(W) da wiF AEE ez 72 A5 AX 54 2 #3 54 371
O AzZF & LAk v AE (primary cell line) & Aoz F&H F21 FAH+FElO| = F-2}+2]
EE AEY ME 548 AFAeZ AFs7] 918kl human Endothelial Progenitor Cell (hEPC)
2 human Cardiac Progenitor Cell (hCPC)oll A% oEAS X (0.025 mg/ml, 0.05 mg/ml,
0.1 mg/mL, 025 mg/mL, 05 mg/mlL, 1 mg/mL)Z *&|3d}t%] Tetrazolium-based colorimetric

(MTT) assay % Lactate dehydrogenase (LDH) assayZS 533}

=iy

O MITT assays A 23, 01 mg/ml olate] 4k, eI =8 A3 Alxo] L&
0% ooz AE 545 YehiA ko, A+ EE AE AE AEe 80% ol dew

A=)

=
a1 Al

selahgltt (19 3-3-26). LA W AT A%, RE ST FEAF F7heel wek Axe
AEEO] ARAoR radhs 43S Uehfdth LDH assay A3, MTT assayet FAHHI
025 mg/ml o]kl FA, fAbHBfo|=, b+ & AP 5E 2704 AT A
o 10% olsh= AE %4 wold Bskor] AE Fur F/hgl wet AL Aol St
o AE =45 JERdTh (1 3-3-27).

N7 & =
Dt =

3T
g AIE?

Citron
120+ B Citron+Peptide
E=3 Citron+Liposome
. 1004m
)
)
Q60
B3
= 40
)
20

Q A BN P S N o
Q_@'Q.QQ'Q'}Q'

Concenration (mg/ml)

1% 3-3-26. d. hCPC MTT a

(1]

mm Citron
3 Citron+Peptide
1264 = Citron+Liposome
gma-
> 807
© 60
> w
/]
O 201
0_
VD H O N H N
Qg‘l’ O o ¥ o

Concentration (mg/ml)

ssay, e. hEPC MTT assay

d e
Citron Citron
80- &3 Citron+Peptide 1004 &3 Citron+Peptide
E=3 Citron+Liposome E=3 Citron+Liposome
& 60 < 80
> ¥l
= o 607
= 404 5
) 3 40+ |
S 4 £ |
oy O 201 .
0 Iz ﬂiT o1 b
O B ® N B N B
. QQ_@" S N ROERNERS _0’-" o
Concenration (mgimi) Concenration (mg/ml)
a9 3-3-27. d. hCPC LDH assay, e. hEPC LDH assay
O w3k ozt f# dx}b wiok AlE (primary cell line)® 7%, Live/Dead assayS Za Al¥E2o =A
S AAo R Hrksk An 7247 f1} A+ s S| EE AZSS 747 R (0.025
mg/ml, 0.05 mg/ml, 0.1 mg/ml, 0.25 mg/ml, 0.5 mg/ml, 1 mg/ml, 5 mg/m)=E zaaq<
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e

a9 3-3-28. d. hCPC Live/Dead assay, e. hEPC Live/Dead assay
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AT 2419 HE2E o] SHP

O Invivo 549712 98] CHBLE Pl928 o488 Bas4udsle +

el Qg AMEEN I, AFTFOE turmeric  extract

extract-nanoemulsion-106 (TE-NEP-10.6, 106 HLB #<

mg/kg), T&% (1,000 mg/kg), L& (2000 mg/kg) o2 AAste] A&
AFEES 24sA] &S TE-NEP-106-carriers 59aHA A@Aste] 1w

(1) 858 R AEE

powder
oJnEh <

=
™
=

A4 AAe] 54

O W77 (149) F<F WE AGRe] TN AW B Folo] /e Sold Wit o4 F4
=
o

r-L

2 AR ggokon, HAF B kAL
o] # 4 AA}#F (minimal lethal dose)
o (% 3-3-1).

rlo

WA sk

th. weba] wh-2ol A i TE-NEP
o/ B 2000 mgkes EA Aot Aow yE

¥ 3-3-1. Mortality of mice orally treated with turmeric extract-nanoemulsion on

single dose toxicity.

S S i Dosage Days after oral administration Final
e ampie (mg/kg) 0 1 3 > 7 9 11 13 mortality
Oil 0 56 565 56 565 55 56 55 565 05
TEP 500 55 565 565 565 565 56 55 565 05
1000 56 56 56 565 565 56 55 565 05
M 2000 55 565 565 565 565 565 55 565 05
106 500 55 55 55 55 565 56 565 56 05
1000 55 55 55 55 565 565 565 56 05
2000 56 565 56 565 565 56 55 55 05
10.6 Carrier 2000 55 565 565 55 55 565 55 55 05
Oil 0 56 565 56 565 565 56 55 565 05
TEP 500 55 565 565 565 55 565 55 565 05
1000 565 565 56 565 55 565 55 565 05
P 2000 565 565 56 56 55 56 55 565 05
10.6 500 565 565 565 565 565 56 55 565 05
1000 55 55 55 55 565 565 565 56 05
2000 56 565 56 565 55 56 55 565 05
10.6 Carrier 2000 55 565 565 565 55 565 55 55 05
“Male ““Female
(2) AT "3t
O 77 %ol ¥ TE-NEP m&#7 (2000 mg/ke), F&% (1,000 mg/kg), AE3T (500 mg/ke)
Iorlat (Oi) 27 AlEE Aol vlste] Also] Axk S7leke Aes ‘Ri Di 2E TOJ?L Al

ol oA Ql AFWshs AL 4 QdTh olE Fl, TE-NEPe]

UehA] eketha sehdd (23 3-3-29,30].
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Body weight (g)

Body weight (g)

Body weight (g)

Body weight (g)

control carrier

40 40
-~ Untreat -»~ 106 carrier-Low
- Oil — - 10.8 carrier-Medium
30 3 30 gl
- -« 10.6 carrier-High
5
0 @ 204
=
°
104 S 10
3 T T T T T T T T L c T T T T T ¥ T T
0o 1 3 5 7 9 11 13 15 0 1 3 5 7 9 1 13 15
Day Day
10.6
TEP
40+ <, -o- 10.6-Low
> EE';": = = 10.6-Medium
304 e 2 307 ~ 10.6-High
T TR 5 FFF#‘—*{=FI=H
@ 204
g
104
104 @
. c T T T T T T T T T
L o I e e A S o1 3 5 7 9 11 13 15
0o 1 3 5 7 9 11 13 15 Day
Day
29 3-3-29. Change in body weight of male mice treated turmeric
extract—nanoemulsion.
control carrier
40+ 40
-+ Untreat -o- 10.6 carrier-Low
-= Oil 5 - 10.6 carrier-Medium
301 = 809 -« 10.6 carrier-High
5
et 351 : 2% W'
)
10+ 8 104
0= T T T T T 04— T T T T T T T
0 1 3 5 7 9 11 13 15 0 1 3 5 7 9% 11 13 15
Day Day
TEP 10.6
40~ 40+
-~ TEP-Low -~ 10.6-Low
-& TEP-Medium o -# 10.6-Medium
30- ) B 30- )
-+ TEP-High e - 10.6-High
B
I S R ¢ o
=
=
104 8 104
0 0 T

T T T T T T T T T
0 1 3 5 7 9 11 13 15
Day Day

19 3-3-30. Change in body weight of female mice treated with turmeric

extract-nanoemulsion.

- 239 -



(3) o] W3}

O A dd Alm AAZ doA tixzatd A Folat Alolol] om| gl Apol7} HolA| 9kt
o}z o] A 106 carrierd F& % (1,000 mg/kg)ol A thxata} vlashd e A2 2S Holv)
urh Fe wEFTAA ITH A HAFS wolw, FAT AZe] I FAY WAL
Hl Wt 3} o4 zfol & KolA] 7] widol, o= Fold AMEel ofg i A AXA Fe=
. @A eE TE-NEP 9ok Aolgf Wsh/l e =t stden [71§] 3-3-31, 32].

Control carrier
501 50+ )
- Untreat -o- 10.6 carrier-Low
. 404 -= Oil — 40 -= 10.6 carrier-Medium
% % -+ 10.6 carrier-High
5 304 3 30
=1 =
.-E 204 ‘.E 204
8 3
w10 L 404
1 7 9 11 13 15 1 3 5 7 1 13 15
Day Day
TEP 10.6
50 50+
- TEP-Low -~ 106-Low
. 40 -= TEP-Medium _ 404 - 10.6-Medium
a -+ TEP-High 2 -+ 10.6-High
£ 301 2 30
& -]
£ E
-5 204 o 204
8 5
% 104 L 104
IEEEREREER BREEEEEEE
Day Day

a9 3-3-31. Daily feed intake (g per 5 mouse) by male mouse treated with

turmeric extract-nanoemulsion.

Control carrier
50+ 50 .
-o- Untreat -e- 10.6 carrier-Low
— 404 -= Oil — 404 -8 10.6 carrier-Medium
2 2 -+ 10.6 carrier-High
2 301 £ 301
= g
E E
7 204 o 20
(=] o
(5] o
L 104 L 10
= T T T T T T T T C T T L T T T T L
1 3 7 9 11 13 15 1 3 5 7 9 11 13 15
Day Day
TEP 10.6
50 501
- TEP-Low - 10.6-Low
40 -a TEP-Medium _ 40 -= 10.6-Medium
2 -+ TEP-High 2 -+ 10.6-High
2 30 £ 304
o o
E £
o 204 5 20
Q =]
<] o
L 104 L 404
c T T T T T T T T c T T T T T T T T
1 3 5 7 9 11 13 15 1 3 5 7 11 13 15
Day Day

29 3-3-31. Daily feed intake (g per 5 mouse) by female mouse treated with

turmeric extract-nanoemulsion.
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(4) & W3

O &4 AFAZ JAXE gz ME Fofit Atolol] {ou|dt zpo|7F yehbA] gkodth 3
TE-NEP-10694 &% (1,000 mg/kg) 3 L& (2000 mg/kg)ol A 7k =8 &4
Ao FAd AZe] AA Y] Ag fHo BAGle] HIE FAE UERYE AS Bd) AlZd

A

b A7) ot $@4ow TE NEPE: wirols &

l

ol
d
o
>

o

Control carrier

- Untreat -o— 10.6 carrier-Low
80 -= il 80 -= 10.6 carrier-Medium
-+ 10.6 carrier-High

Water intake (g)
8 8

i 1

Water intake (g)
3 8

T T T T T T T T
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Day Day
TEP 10.6
100+ 100+
- TEP-Low -~ 10.6-Low
5 801 -= TEP-Medium & 80 -= 10.6-Medium
F =+ TEP-High B =+ 10.6-High
E 60 E 60+
£ =
5 404 5 404
® ®
= 204 = 204
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Day Day

19 3-3-32. Daily water intake (g per 5 mouse) by male mouse treated with

turmeric extract-nanoemulsion

Control carrier
100~ 100+
- Untreat - 10.6 carrier-Low
5 804 -= Qi 5 80 -= 10.6 carrier-Medium
E ‘_é’ =+ 10.6 carrier-High
< 60 < 604
E E
5 404 5 401
= "
= 20 2 20-
3 T T T T T T T T c T T T T T T
1 3 5 7 9 11 13 15 1 3 5 7 g 11 13 15
Day Day
TEP 10.6
100+ 100+
-»- TEP-Low - 10.6-Low
5 80- -a TEP-Mediur 5 804 - 10.6-Medium
E - TEP-High E -+ 10.6-High
w 60 = 60
E E
5 404 5 40-
= =
2 20 2 20
o T T T T T T T T 1] T T T T T T T T
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Day Day

a9 3-3-33. Daily water intake (g per 5 mouse) by female mouse treated with

turmeric extract—-nanoemulsion
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(6) Z71 TF W3}

h I
O AE 5o 4¢ ¥ Ad F5 A BE Ay 25 FH5M 78 UF 7)o S04 4~271& &
At B sEOAA, A%, H, 11 9, 81, A, A7) 5 T8 ulE ATl digk &3t
ojuf gl o] W AR okt whebs] oAl 22 Wy shA Habe A=A B3 54
o= Qg FAo WsE gelstr] fd FAA 2 A7 FAE SAsFeH, 47 FA gkl
ek o2 zpol= A A TEP A& %+t (500 mg/ke)®] Seminal vesicleol A =4 &&= Q)
own M= TE-NEP-106 A&ZFe A%, 285 A%, diok TE-NEP-106 &%
(1,000 mg/kg)2] A&, TE-NEP-106 183 (2000 mg/kg)d A FoJdoz =& kol
HZEA) vk A A7E a8 Ao 7] s A e Y S, AiFeR
NEP-106 (carrier)E A3t 9 #, 7h AlFolA] mladrt fFojzog e g8 welon
A7 A, n&Fo 2 NEP-106 (carrier)E& AHeldt 9] 443} TE-NEP-1069 &%
Aglsh o daA, a8FTS AP G FAASE sl =2 gho] #EAHTE Y
oAl fre]d Apolzh sl oy 8 oEAe]l glom, g Addol §lo]  turmeric
extract-nanoemulsion®] 541 0.2 213k Jgko] ol ZHo g AR [F 3-3-2, 3, 4, 5.
¥ 3-3-2. Absolute organ weights (g) of male mice treated with turmeric
extract-nanoemulsion.
kidney Semi testis epididymi
Group . stom splee ——  nal
Heart Lung liver )
(mg/kg) ach n R L Vesi R L R L
cle
oil 0.118+ 0165+ 1.186+ 0307+ 0072+ 0151+ 0.146= 0136+ 0079+ 0078+ 0039+ 0036+
1
00125 00169 0.1226 00661 00159 00233 00231 00190 00089 00062 00156 0.0157
0.224+
500 0.116+ 0170+ 1065+ 0295+ 0056: 0143+ 0130: © . 0080+ 0077¢ 0036: 0039
00148 00169 00745 0.0766 00083 0.0133 00166 _ 0.0022 0.0050 0.0062  0.0055
1000 0.114+ 0.143* 1.047+ 0380+ 0058+ 0.148+ 0.144+ 0.183+ 0078+ 0074+ 0.035+ 0.039+
TEP 0.0211 00119 02538 01625 00087 00280 00317 00627 00069 0.0063 0.0053 0.0115
2000 0.121+ 0166+ 1.132+ 0241+ 0079+ 0.136+ 0.133+ 0127+ 0084+ 0.081* 0.034+ 0.044+
00116 00066 0.1159 00431 0.0380 00150 0.0060 0.0227 00099 00083 0.0071 0.0120
500 0.121+ 0.159+ 1.092+ 0256+ 0056+ 0.151+ 0.141= 0200+ 0076+ 0073+ 0.039+ 0.038+
00161 00331 0.1218 00325 00059 00259 00202 00573 00152 00144 0.0150 0.0129
1000 0.128+ 0174 1226+ 0318+ 0135+ 0152+ 0137+ 0185+ 0081+ 0080+ 0038+ 0043+
10.6 0.0201 00150 00814 00574 0.0945 00088 0.0034 00428 00065 00078 0.0087 0.0076
2000 0.126+ 0.150+ 1.163+ 0267+ 0115+ 0.159+ 0.146= 0.152+ 0077+ 0072+ 0.039+ 0.039+
00175 00162 0.1512 00903 00597 00153 00221 00077 00030 00055 0.0126 0.0137
10.6
© 9000 0.123+ 0.154* 1.049+ 0260+ 0058+ 0.129+ 0.119+ 0142+ 0077+ 0076+ 0.031+ 0.032+
Irri
ca 0.0088 00236 0.0677 00758 0.0083 00105 00059 00251 00086 00093 0.0082 0.0094
er
Note: Values are expressed as mean+SD, n=5, “ p > 0.05
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# 3-3-3. Relative organ weights (%) of male mice treated with turmeric

extract-nanoemulsion.

Group
(mg/kg)

Heart

Lun

stom splee

liver

-ach n

kidney

R

L

Semi

testis

epididymi

nal

Vesi R

cle

R

L

Oil

500

TEP 1000

2000

500

10.6 1000

2000

10.6

carrier

2000

0.558+
0.0546

0.457+
0.0367

0.511+
0.0810

0.507+
0.0574

0.512+
0.0550

0.525+
0.0468

0.533+
0.0338

0.470+
0.2379

0.780+ 5.584+
0.0822 0.6731

0671+ 4.182%
0.0800  0.2724

0.641+ 4.653+
0.0686  0.8500

0.696+ 4.710+
0.0433  0.2747

0.669+  4.603+
0.1171  0.4407

0.720+  5.055+
0.0715  0.3751

0.608+ 4.937+
0.0436  0.4462

0.553+  3.946+
0.2760 1.9621

*

1.450+  0.346+
0.3374 01018

1.159+  0.221+
0.2905  0.0303

1.737+  0.258+
0.7035  0.0271

1.002+  0.327+
0.1478  0.1381

1.079+  0.238+
01222 0.0227

1.321+  0.551+
0.2896  0.3743

1.115+  0.489+
0.3026  0.2381

0.963+ 0.222+
0.5683  0.1168

0.717+
0.1341

0.562+
0.0480

0.661+
0.0901

0.572+
0.0764

0.639+
0.1099

0.628+
0.0319

0.678+
0.0117

0.480+
0.2361

*

0.693+
0.1398

0.511+
0.0601

0.643+
0.1168

0.559+
0.0503

0.596+
0.0818

0.565+
0.0369

0.619+
0.0583

0.455+
0.2286

*

0.639+ 0.371+
0.0638  0.0271

0.887+ 0.317+
0.2252  0.0196

0.812+ 0.353+
0.2261  0.0293

0.529+ 0.350+
0.0857  0.0408

0.845= 0.321=
0.2435  0.0587

0.775+ 0.337+
0.2208  0.0299

0.649+ 0.331+
0.0543  0.0240

0551+ 0.283+
0.2983  0.1427

0.370+  0.188+
0.0257  0.0743

0.303+  0.144+
0.0236  0.0266

0.335+  0.160+
0.0242  0.0241

0.341+ 0.143+
0.0343  0.0226

0.309+ 0.164+
0.0564  0.0564

0.332+  0.160+
0.0475  0.0449

0.309+  0.166+
0.0300  0.0455

0.280+ 0.121%
0.1442  0.0690

0.172+
0.0765

0.153+
0.0250

0.175+
0.0543

0.186+
0.0569

0.162+
0.0480

0.180+
0.0440

0.165+
0.0440

0.122+
0.0737

Note: Values are expressed as meantSD, n=b, = p > 0.05

¥ 3-3-4. Absolute organ weights (g) of female mice treated

extract-nanoemulsion.

with turmeric

Group kidney ovary
heart lung liver stomach spleen Uterus
(mg/kg) L R L
oil 0.082£0 0.136+0 0.853+0 0.202+0.02 0.058+0 0.092+0 0.095+0 0.039£0. 0.001+0 0.001+0
! 0120 0117 1177 20 .0059 0143 0154 0270 .0010 0011
500 0.099+0 0.135+0 0.835=0 0.217+0.02 0.065+0 0.099+0 0.093+0  0.0570. 0.002+0 0.002+0
0101 0203 1316 53 L0080 0070 0097 0227 0012 .0008
TEP 1000 0.091+0 0.144+0 0.868=0 0.173+0.11 0.063+0 0.095+0 0.094+0 0.064=0. 0.003+0 0.003%0
.0030 0150 1229 00 0152 .0070 0056 0352  .0032 0022
9000 0.095+0 0.154+0 0.867+0 0207+0.02 0.064+0 0.102+0 0.101£0 0.076£0. 0.004+0 0.003+0
0058 0152 0664 9 0087 0075 0102 0242 .0019 0018
500 0.110£0 0.165:0 2.423+3 02544008 0.070+0 0.128+0 0.116=0 0.090£0. 0.007+0 0.008+0
0121 0137 2728 16 .0069 0268™ 0216 0208 .0027  .0043™
0.103+0 0.154+0 0.823=0 0.224+0.04 0.059+0 0.100+0 0.096+0  0.060=0. 0.002+0 0.002+0
10.6 1000 0050 0169 0283 78 .0061 0067 0087 0114 0011 .0008
2000 0.102£0 0.153t0 0.861+0 0.186+0.01 0.062+0 0.104+0 0.100£0 0.072£0. 0.004+0 0.004+0
0114 0385 1917 85 0156 .0109 0217 0292 .0016 0018
10.6 0.114+0 0.147#0 0.942+0 0.272+0.05 0.069+0 0.115+0 0.116+0 0.064£0. 0.002+0 0.002+0
carrier 0146 0182 1443 78 .0083 0111 0199 0132 .0003 .0008
Note: Values are expressed as meantSD, n=5, = p > 0.05
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¥ 3-3-5. Relative organ weights (%) of female mice treated with turmeric

extract-nanoemulsion.

Group . kidney ovary
heart lung liver stomach spleen Uterus
(mg/kg) R L R L
. 0.459+0 0.756+0 4.742+0 1.127+ 0.324+0 0.514+0 0.530+0 0.275+0. 0.011+0 0.010+0
Oil .0790 .0644 .6449 0.1202 .0352 .0819 0871 1052 .0029 .0046
0.517+0 0.708+0 4.356+0 1.134+ 0.340+0 0.520+0 0.487+0 0.300+0. 0.012+0 0.012+0
500 .0623 1020 .6681 0.1221 .0385 .0363 .0465 1171 0061 .0042
0.450+0 0.706x0 4.248+0 1.054+ 0.308+0 0.470+0 0.463+0 0.310£0. 0.017+0 0.015+0
TEP 1000 .0152 0481 .4660 0.2376 .0643 .0364 0156 1563 0144 .0098
0.468+0 0.756+0 4.238+0 1.016+ 0.317+0 0.501+0 0.495+0 0.372+0. 0.022+0 0.017=0
2000 .0378 0877 .2048 0.1395 .0445 .0209 .0445 1183 .0092 .0084
500 0.511+0 0.769+0 11.64*1 1.171+ 0.326+0 0.594+0 0.539+0 0.416+0. 0.036+0 O()(l);lgi)
.0355 0726 6.280 0.3444 .0196 .1033 0831 0910 L0120 .
0.503+0 0.751+x0 4.012+0 1.088+ 0.290+0 0.489+0 0.470+0 0.296+0. 0.012+0 0.012+0
10.6 1000 .0320 .0674 .1536 0.2112 .0267 .0498 .0298 0520 .0056 .0041
2000 0.514+0 0.770x0 4.314+0 0.938+ 0.314+0 0.523+0 0.503+0 0.360+0. 0.020+0 008311)
.0458 1734 8275 0.0759 .0686 .0394 .0940 1333 0079 .
10.6 0.570+0 0.733x0 4.707+0 1.357+ 0.349+0 0.575+0 0.581+0 0.321+0. 0.011+0 0.014%0
carrier 2000 0745+ 0827 7263 0.2743 .0419 .0951 .0943 0615 0016 .0045

Note: Values are expressed as mean=SD, n=5, ~ p > 0.05

(6) EATH HA
O gt A} A= turmeric extract-nanoemulsion L8 (2,000 mg/ke), &% (1,
mg/kg) A& (500 mg/kg) Hlaate] A CBC HAME &3l Fastadtt. AAF A3
o] g, FEmFEY $37F Blatel oil w3 TEP Ag#r 2 &%, TE-NEP-106 A&
T, TEET, LEFTAA B FARG 9 ##E A HCT 2= TE-NEP-106 A&
ZE 9tk MCV k2 TEP A-&%w 2, TE-NEP-106 A&ZF 9 F& oA
459G 4% X9 Aol ol 7 TE-NEP-106 F-& %ol
EP T&&wolA v AU AdTAE A doluAY &5 &4 WetE
B A 1L EFHA QA =4 #REHBE JRAZEE] Aolrt R0 R o dEm 2 AT A
2] 7N turmeric extract-nanoemulsion®] &$F dHshA =AS HAUTIAIE AAXK] etk
[ 3-3-6, 7].

S
S

=2
R
oo ool Ml oo i

==
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3 3-3-6. Hematological parameters on mice of male after treatment with turmeric

extract-nanoemulsion.

Group Hb HCT MCH MCHC MCV Platelet RBC WBC
(mg/kg) (g/dL) (%) (pg) (g/D1) (fL) (103/uL) (106/ul) (103/ul)
1191.6+27
0il 1312213 3884646  162:026  334:088  436:202 795+131 512522
TEP 743.8+117
500 1245144 304+497 162083 316:073 505194 781+1.07  2.6+1.80
_ 364+123.7
1000 IL0£181  348:569 156£017 315046  496:095 703121  38+1.27
_ 814+247.6
2000 146:056 4058102 153:060 3161124 4831053 9.22+055  1.58+0.66
10.6 . 914.4+202
500 115:148 3245605  177:267 361616 5201336 655+1.13  6.42+3.25
_ 1045.2+44
1000 1356148 4576258 1532040 2955192 5535304 o 884097  5542.08
. 794.33+13
2000 116:180  366+334 1755249 3194640  436:146 - 6.63:055  3.33+0.73
10.6 952+210.3
_ 2000 1562057  47.9+2.13 159034  32.7+076  48.6%1.46 9.84+0.37  4.98+1.93
carrier
Abbreviations: Hb, hemoglobin, Hct, hematocrit; MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin concentration;

Platelet, ; RBC, red blood cell, WBC, white blood cell.

MCV, mean corpuscular volume;

¥ 3-3-7. Hematological parameters on mice of female after treatment with turmeric

extract-nanoemulsion.

Group Hb HCT MCH MCHC MCV Platelet RBC WBC
(mg/kg) (g/dL) (%) (pg) (g/D1) (fL) (10°%aL)  (10°%ul)  (10°/ul)
834.6+196
0il 1351098 400:225 1631086 338:242  433+106 8281049  4.6+1.04
TEP 1069+175. )
500 1345169 4135521 1565015  324:031  432:074 856098  3.66+1.51
934.6+468
1000 128:295 3841909 159040 337045 473:159 816+1.87  153+0.75
672+296.8
2000 148:058 4451247 161018 3341077 4821087 9.23+0.38  4.14+2.24
10.6 716.2+201
500 139+119  444:295  154:061  314+128  493:151 9.04+0.80  5.26+2.01
989.2+127
1000 138:137 419491 1574045 329087 4776040 88+1.03  542+1.81
1125.2+26
2000 148:098  466$296  187+7.17 3942150  477:114 o 8914234 15055
10.6 610.8+126
D 2000 108+1.37 3294453 1564032 3284066  47.7+1.11 6.91+0.97  25+0.78
carrier .08
Abbreviations: Hb, hemoglobin; Hct, hematocrit;, MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin concentration;

Platelet, ; RBC, red blood cell, WBC, white blood cell.
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2. MEE x4 2 AFY AIYEAP =5
7}. Plant scale2 A&A3 e 22 HFEtol=9 §5HF
(1) A& 2274 HAEeol=9 39 534
(7}) 25 AE ZdgA9 84 fHEol=e FE £
O A AHES RAW2647 AlEolA ARAsE b Hefol=e] AE=AS 7HE3s7] Yal, =t
A Mepo| =5 A7 FEHEE A de] Tryphan blue exclusion assayS 383 23 1 mg/mL
o FeHl etol=rt (L 3—3-34A) IAHEH 168AA7HA] A 253 7HAA e As
SAstdtt (19 3-3-34B). ol AEEAZLAS vpgo R Fepll HEol=5 05 mg/mlF-H
10 mg/mi7bA] A2 &t o, LPSel 98] F=% Nitrite 40l ZFe42 FFE 1 mg/mlH
AA = 7] AlZFste] 10 mg/mlollA = A9s] A= Ae FA 5 Aot (27 3-3-3).

=

.

\

A B
. 40 . _. 40
= | =
% 30} x 30
E 20 E 20
__S_ 10 g 10
i h] L4
O 0 O 0
Collagen peptide (mg/ml) 0 01 02 05 1 5 Time(h) 0 24 48 72 120 168
Time (24 h) Collagen peptide (1 mg/mi)

19 3-3-34. RAW264.7A| oA A E738 & S22 Jelol=9 AEFH £4

3 — =
.
_ foa
= 27
=
@ #
5 1r H
o LT
LPS (100 ng/ml) - 4+ + 4+ o+ o+
Collagen peptide(mg/ml) - - 03 1 &5 10

2% 3-3-35. 24 Feol =9
NO A dig &3 HAF

O A AMESR] RAW264.7 Az A AExtshe et sefel=9] ddF g5 At f&, ¢
Z F=AQ LPSel 98] e d52dxkel HMGB1ol 4|5 ZARSE A3} LPSe o& =4
HMGB1¢] #u]7} ARishg Zepal fetol=e] AAgo] o8 dAsE AL Fgelstgion (2
¥ 3-3-36A), HMGB19] dellA Axdzo olF Zgd dAsE A& Flssdnt (13
3-3-36B).
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® 4 16
3 . Il Cytosolnucleus
8 — 3} & 12 | Bl Nucleusicytosal
gD o)
S & TS
a. S 2t v e 8
m O £@
11 Wi 4
[G]
b= i
T 0
(n'?'é”c'ﬁ%%—' bR v - _ HMGB1 — — ‘ .
Ponceau S —bm 0-Tubulin ———-| S————
FMGBT | o e ——— HMGB | ——| s,
(Intracz%ﬁa_ry ‘ Nucleus
[-actin —{ s———— Lamin B —| A S—
LPE (100 ng/ml) - 4+ 4+ = LPS (100 ng/ml) -+ o+ -
Collagen peptide (1 mgiml) — - + + Collagen peptide (1 mg/ml) - - + +

a3 3-3-36. LPSl 93 =¥ HMGB1 £H A
AZAsE 254 Fetol=e a3} 4

b gomz, ge detolsg

N

O 9% YAIEA<C HO-1°] HMGBIY HHIZ AgtE B
HMGB1 #7] 94 &7 HO-1& A3k 204 AFs7] 98, rﬂ A 322 RAW264.7 Al 0]
A HO-1 siRNAZ F&shdh (28 3-3-37A). 2 %, d4F F%A49 LPSel 9 #=9
HMGB19] #8]& ZARE A3, LPSel 93 fE¥ HMGB19] H]7F 22k HEefol= 7 2ol
&) s ZastgAnt HO-1S JAA17]= HO-1 siRNA 2 ZnPPIX (HO-1 9AA)e A7}
o o ZFehdl Felel=o] HMGBIAIZH7F AARE AL sl wpebr], o
LPSo] 93] fr=%+ HMGB1e &5 ekl Hefo|=rt JAshs A HO-18 4fste 4
ke s & vk (29 3-3-37B, O).

A B Cc
1.2 @ St & 307
B 3 4 3 24
7o S5 &g
e £ 3t S5 1871
o 04 ©3 5| b8 i L
L —m =
0 % . 1t H % - 06
HO- —>| == = = = H = ’ H
B-actin ——»| .- - - 0 |_| H i 0 ﬂ——
5 HMGB1 —» [ S S S - HIMGB1 — [ S S - -
Control sSiRNA - + — —iﬁ
ng-]1msiI§NA S PonceauS—| ‘—: i Ponceau S — |8 =% !e&*f
LPS (100 ng/ml) - + + + + — — LPS (100 ng/ml) -+ + + + - -
Colagen peptide (1mgml) - - + + — + — Collagen peptide(1mgiml) - - + + - + -
HO-1 siRNA - - — 4+ + - + ZnPPIX (5uM) =S TR A g S
a¥ 3-3-37. E34 fFeol=d o3 HMGB19 A 1A
HO-19 #¥EA AF

o Zehl fefol o] o)% HMGBL oAle] Qlolx HO-19] #edo] Avlgglens, e
A e 27k HO-19] wle] 4abe mA=A 2Aekel 1 43, 2eh feel =i HO-19
S BE 9 AR dEAoR FhIYE AL HASRAD i@ T AAE wAE 2
Fowd WS AL % 4 ANY (2¥ 3-3BA-C). E@, HO-19) BAZel B
Nrf-2¢] translocation SleldS wl, bl Aefolme] Azbe] el AEAe] EAleh
Nrf-27h WO ofBehs AL HAL 5 Ao, ol 8] FepAl Heo|=st Nif-22 24
Fozd HO19) Wae 27142 Aclehe 298 AL 4 AU (29 3-3-33D, )

-
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ié 2 85 30 s
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10 ¥ 2
0 |_| 1 0 P .
HO-1 —» e HO-1 — — — 0
) . CP(mgml) - + + + - -
- o -
. pradin-— SR CHX(100nM) — — + — + —
C/P(mg/mly 0 0102051 & CP(Imgm) 0 1 3 6 12 24(h) ActD(100nM) — — — + — +
D E

N2 —| ]
a-Tubulin —| S

w2 — [
Lain 6 — [SE——

0 0105 1
Collagen peptide (mg/ml)

a9 3-3-38. E&Al HFEol=9 HO-1 2d 7= AT

‘ Cytosol

B-actin ——» [ m—— |
Nucleus CP(tTmgml) - + + + + - — -
Nrf-2 (1 pg) - — =+ o+ -
DN-N2 (1pg) — — — + + + — +

9% 52 2dAe oA Weelme TG B
st e FohA Perolnel GG T BF BAAMNE FA) dERbEAE F50] 9
so] BALB/c #19] 7] LPSE FAHe ¥ 1597 719l 4222 2ASIT LPSE FAHe 4

o]
A 29wl ®E JRAZE o LPSe} %w Hepo]| =& o] FAMg AF= 39 o] F

= = A& %%}o} 1ok g o3 A€ @3E HO-1S 9AlA7]
nPPIXE #o] FAlsHd AlgpA= A gelstaitt (18 3-3—-39A). BALB/c 9] H7el LPS
& FAE F BAIRE F df ) d59 11}01 HMGB12] #1& 2 A3t A Ado] M9} v}
AR LPSE FAE F 9] ddlo| HMGBL 217} bl Hefo| =2 o] FALSE F o=
A E = A FRlatsith oleg oAl E¥= ZnPPIXE #o] FAME Afwo e A=
S ISt (19 3-3-39B). whEbA AlE Rdigk olye} FES o] 83 9T Rddin
2H2l Ete] =7 g9 a3E Yehdle AS RlskAh
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100 *—0—0—0—0 ¢ * 2 \/ehicle (@)
i Collagen peptide ()
3 ===t * ® ZnPPIX (@)
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2% 3-3-39. 454 29 AN 24 A= 1% AF

B2 UAAE RAWGAT AXoIA ARAse Zeha Wetol=e A LPSe
2dd 934 <49l HMGBLY w@S oAlskn 45 A wuael
gtk PRI R 934 %
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A

. =
o =
S AYer HAF

(2) AEAsE 227 HEerol=9 ynt 23
ZF) vlg A X 2dox 9 7 HEol=9 IFH| g 7
O APFATAER 3T3-LIAZAA Fepil Jepo|=o] MEEAS HSsr] 918, Sl fete|=
£ 02 05 1, 2 5 mg/mle] =¥ & #z|s}o] Tryphan blue exclusion assays G-+ Az}
AFEEQ 5 mg/mIZHA = AlESA o] YERA] &2 RS 1T AT (L7 3-3-40).
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0 02 05 1 2 5

Collagen peptide (mg/ml)

7Y 3-3-40. AW ATFALANN ZehA o=
AE 54 A%

O oA 3 Ax5Y HAPS nwgow ok Fetel= 05 % 1 mg/ml¥t MDI (IBMX,

Dexamrthasone, Insulin)E Aol z]g]ate] A WA|Eo] E3lol] n]xE= 3FS gHelst Ay MDI
o oI ARALE] BT 05 my/mie] B Heol=ol ola folaka A7) Alxate]
| mg/mie] FEAA GHACR ofAHE AL HAF 5 AT (19 3-3-4D)

MDI

- - Collagen peptide Collagen peptide Collagen peptide Collagen peptide
(0.5 mg/mi) (1 ma/ml) (0.5 ma/ml) (1 mgiml)

Scalebar: 100 um

07 - *
06
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02
01
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MDI =g e g e =
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a9 3-3-41. AW AxA Z7 Heol=o AWUEF3F ALY HF

Lipid accumulation
(0D at 490nm)
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Collagen peptide (1 mg/ml) - - + =+ Collagen peptide (1 mg/ml) - - + + Collagen peptide (1 mg/ml)

O 144l g AEEA 9L wwow Zepl AWelol= 05 2 1 mg/mis MDI (IBMX,

o =2 a2
Dexamrthasone, Insulin)& Aol A glste] A|WAlEe] Fslol] mX= S &<lst A3} MDI

3}
of &g ApFAlEEe] 317 05 mg/mle] bl etol=of ofa FolstA A 7] A At
1 mg/mle] =7 B Oﬁﬂﬂb A& FA = AJT (2" 3-3-42). 7 A4 st
w3b A At
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A B C
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28 20 1 &8 6 53 8
z e go a s
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a9 3-3-43. AEAEE A FEol=Y A 23 #d 7HA 9A 2% HF

O

B9, AL HapG2AEo] 228219 palmitate Aelshel 243 mday Az wads
YN E AEAstE ZaA HAelo]|=E A s aFoA A ALY Z=Ho] §olsh A
= ATARERE ARAs 2o Aehelsl AuAEe] Baeld wte] oz, WA A
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Palmitate
Control Palmitate + Collagen peptide + Collagen peptide

Triglyceride contents
ifluorescence intensity)

10 + 4
5t ’_T_‘
0

Palmitate (0.5miM) - + +

Collagen peptide (1 mg/ml) - —

39 3-3-44. A XM AEASE EA HAEo] =9
TAAY 4 qAEN} HF

(W) ARt 2 oA 24 Hete|=9] FH|RE 53

ol
AEzsE Za HAeto|=o] du|ut Firl AE A Rl R 22 AR F5o|
2

O
AR ] Aslel 674 ICR £ BAGA BT B Aol (46 A, 10205 e
) Fe AW Aol (4% AW, A% GUA FHE AAste] vy B wde Ayskl)
ZebA HMepo] == 157Ul 3 300 mg/kg/day= A TFA8IAth 85F & FHe| AF E o] A
A BES AT A, B Aol vl A Aolel 9§ A T bl el =
g ) Fol@ APToAE Folebl dasks AL FAskedch Teht 2 WP 2] Ao
B3 Bt 2 Aol7t 99T (GE 339, o] ANER ARASE 2o Arol=s) §
& RdoA AAEe 235 2dste] AT FAE o slo] AAFE I
% 3-3-8. A4 Ho] & nAY Hol& FAF A
AEASY FeA Aekel=o AF ¥ Ho| HA BE T £
Gr Initial weight Final weight Weight gain Food intake
oup (g) (g) (g/mouse/8 wks) (g/mouse/8 wks)
ND 2951 + 0.86 40.03 + 1.06 10.49 2109.5
HDF 2855 + 0.64 4899 + 1.79° 20.44 1861.5
HDF + Collagen peptide 29.54 + 0.46 41.05 + 047 11.51 2220.3
Collagen peptide 2954 = 0.30 41.65 + 1.71 12.11 1977.0

AASF 22t n = 8
*Aa} Ao] (ND) #x}e] H| 1
fa2)" o] (HFD) #3}¢] H]al
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O HY T& EdS AR 43 01]*1 Zepl fefol=d ot Al A aE 87 AEs Ay
IA AolE wofg FodA 2F5E st vehd AFsvle Skl fEol=E 3 7o
b AgelA AT 4FARE A3 AU HAE AL AN (28 3B, AZ €
RIS R P ) Bl o 4 o R | i e R ‘i‘rﬂ%“‘cxl WS Ay B Ay A Aol 93
Al S7FE PPARYy, aP2, C/EBPa®l 23S on] Al AAaA7= As g<lsiditt (g 3-B, O)
T3 AA AW AlEZe] A7]E Hematoxylin?} eosin G4 Fa #23F Ay mx0 Ao]o 9]
3 AR ALAE7F Zepd el =g Tk ATl dASA 1 A7t Fadhs o] #
&= (19 3-3-45 D, E).
A B Cc
-8 ND 40 wo
-5 A PPAR-y2 —1, - PPAR-y
= 60 igglll:ageﬁ geatkiep o . PPAR"Y1 — - ‘ | 30 L
= 580 *t**' aP2 .['— ! 20
5 . R <
3 40 o ER C/EBPa — [ g . 10 i
Z 30 . B-actin —— | —— — _!é p — -
@ 5 HOF - b 4 e g A ., CIEBP-a
L Collagen peptide - - + + g 3 4
0123456738 Ié 2 -
Weeks after treatment g 1 ’i
g JLHLB N
E o
* 8 _T_ aP2
J 4
=N 04 ’ #
g\:;ﬁ 0.3 | # 2 Ij
2 §~§_ 0.2 | [B f o LEI ]
2SS 01 HDF = ook
® Collagen peptide - - + 4
0.0 -«
HDF = & = =
Collagen peptide - - + +
29 3-3-45. A4 Ho] B AW HolE FAY AN AEA%Y 244
FEol=o AF A, HT BE FARY 2@ A, AW AE 27 BFA 5P BA

O

2 of
r |
>
ot
=
=2
X
5
Ji
—_
o
<
o
&
AN
)

2 e Flstdt. 83 A

MEA T 2

d2~HZ (Low density hpoprotem cholesterol)TJr A=A ZY2HE  (High density
lipoprotein cholesterol)& #2418t Az} ux|w} Ao|gto] H]&)| daelo] sl FY HEY} 2

D

Foha Q= ANEATY FU2ES) A9 145% gad o) ) 2
WA FUAE BEe BEe adEqg Zesnge] 49 186% 4%
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F 3-3-9. A o] F& uAXL HolE FH3 F A

ApAsE =opd Wepol=9) W3 A A2 B} BA
Group TG (mg/dl) TC (mg/dl) HDL (mg/dl) LDL (mg/dl)
ND 184.33 + 4.52 155.17 = 4.06 104.00 = 8.14 16.32 + 0.35
HDF 200.17 + 5.02" 22450 + 3.30" 82.83 + 467" 24.82 + 159"
HDF + Collagen peptide 18850 + 4.29% 200.33 + 4.03° 08.33 + 4.23% 2123 + 1.38
Collagen peptide 171.17 £ 5.34 167.00 £ 2.68 100.17 £ 550 18.80 + 161
MNAGF 22t n = 6

A Aol (ND) 3] vlal

£ 31 2]

O

)

% #o] (HFD) 3] W)L

o
w12 Tl ofN

ofete] AAHE Ulw FE BUAAE Fehdl Hefolsi: A B FAAEY HE
AR o A3t AgEA 27 B Gopgow] BF AL JREo AL ARy
el el =sh gulw w3t vk A% sk

o=
44 m—%uﬂoﬂﬁ Zﬂl e dag g Ao el et = o3 AlxsA dEe &l
a7 98, Feha Hfelel=5 w=9 (0, 02, 05 1, 5, 10 mg/mD=E 24A3F A ste] MTT
assays TSI 1 Ax, FEH HEbol= 10 mg/miZkA] M) ABEE] FIFS WA &
Skt whebA, “am FEFol= 10 mg/ml FEolA Bitst B5S Fstoith (2™ 3-3-46).

xg

10

Absorbance
(OD at 570nm)
o
n

0.0

0 02 05 1 5 10

Collagen peptide (mg/ml)
2% 3-3-46. R FEZ A XA
AEAsE Fed Aeel= NZ 54
gl

=

=l Heke] =7 HaOu0l 54;} RFE AL e ROS A4 v @35 DCF-DA
assay2S Ealo] ¢l sty dag gz Zg4 Heol= 10 mg/mlE 24X A A gls)
a1, ROS frakelatel Hy0.2 HMH ROS A< %EO}O% DCF 34 =E #&a9r 1 4
¥}, g2y sk, 0,2 9% Hed Ao AE fosi dBAwe] Z1E vy, 2
2 Fefol =5 A APe oM 05 w5 Hes é_‘aﬁv‘fiu} gyt g
A AAEAT (2" 3-3-47).

bl

JZi
r O
=
e
=
=
@)
0p!

- 254 -



60

Control
§H 50
o
@& 40
55
HaOu+ ® Collagen peptide | EE 20 #
Collagen peptide § | a8~ 10 ’_._l
0

H205 (800 uM) - - + -
Collagen peptide (10 mg/ml) - - + +

O9 3-3-47. AP LT A XA Z34 FHEol=29 H2029
o8 A€ ROS JA &3 &<

O Aol Afroprl el Adatstd Fepal fleto]=9] A2=AdS dAFet7] S, Aexsta 2
ghol= HElo|=s s R AP st MTT assayE 738 23 1 mg/ml F=2 A&EA5tH
ZopAl o ]501]"1 UNZINA A=Al VA e s gl (18 3-3-48A). &
& st #e FHA] elasting] 2 5

1S AR A3, ARAsE et Mehol =7} clastin
o MEL AT W R JdEHoR 7 AT A < Atk (79 3-3-49B, O,

A
15
£
85 10
35
20
00050102 05 1
Collagen peptide (mg/ml)
B C

Elastin— —-ﬂ Elastin —» L a3

p-actin—» -—--‘_I B-actin |'

Time(h) 0 6 12 24 36 48 Collagen peptide (mg/ml) 0 0.05 0.1 0.2 0.5 1
Collagen peptide (1 mg/ml)

2% 3-3-49. Elastin 28] 9014 A2AsE 2 Aetol=e] 57 BA

U o, Aol oA ARAstE Zdhol= fEtol=rF UVBOl oe friebls Al w=ste] v
A= BdE gdetaat siqity AldrobAl el AAtstE Edhol= fElol= 1 mg/mls 24A13F
A Aesa, 40 m/em’e] UVBZ A, UL AR, 2 A, s st
UVBE 95 A Addore FostA Axxst nf# B-galactosidase] &/d¢] S7ksh=

e Felsksar, AEAtste *E]rolc HAepol =7} A A Ao A= B-galactosidases] &
ol UVB wh=pol vla) H2sks A 15k (712 3-3-50).
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UvB + Collagen
Control uvB Callagen peptide peptide

®100  =bar= 200um=

20

e
o

B-gal positive
cell number (%)

H |
UVB (40 mJicm?) + + =

Collagen peptide (1 ma/ml) -

a9 3-3-50. UVBYl 938 =9 =3nt79
AN AEAZE FA Heol=e] a3 AF

E3, Aotz A Fehl setel =7 UVBel o8] =8¢ eastin oo mAE fds 3
kit sk Afobdze] 2@k Fetol= 1 mg/mle 2447 A Aaka, 40 mJ/em’e)

= ZAFSE 3 24AI7F v Skt Western blotg G733 A3} B3 Blwsle], UVBE
G5 A AT elastind] Wee] A3 A 2 HAsga, Fekal Aetol =)
A AgE oA e elastin®] @@l UVB whsto] vlgl] oAl dixat 702 3)&5yE 3S
golaksitt (19 3-3-51).

Elastin — [Balle ——ey=tui
B-actin — |

UWB (40 mJicm?)

Collagen peptide (1 mg/ml) — — +  +

1% 3-3-51. UVBl 93] 4A A elastin THNA
AZAstd EA fAeol=9 a3 24

npA| et o 2 A fopA| Foll A AEAEE Felol= HEelo]=r) UVBY Yo FEEs LS
(ROS) Aol mAl= axks &Qlstarat shginh dobrl 2ol AExtshed Feho]= Fjetol= 20
ng/mls 24*]@ A AL, 40 m)/em’®] UVBE AR §, 247417 wjstoleh ROS A4S
Cdlzes vlidtel, UVBE w5 Aeldt Agwol s f2l3h4 ROS7E S7hehe A
i, ARAste Zetel= flgtol=rt A Agd el A= ROS7F UVB datel vs)
2 & A ol oAl ROSAA NACSH FA Al 23] v % o415
o (19 3-3-52).
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20 7

DCF flourensence
arbitrary units
a‘

UVB (40 mJd/cm?)
Collagen peptide (1 mg/ml) - -
NAC (30 pM) - - - 4+ 4+ = +

¥ 3-3-52. UVBel| 93 =¥ ROS A A
AEAsE Z84 fAeol=9 a3 HF

O ool ARG Fehil Yelolst BT ALo| HOZ Aelstel AT ROSE AT
2H A5 2EA2RNE AZE BET A8 A& ANAL, ARH] AfobdEe] A9l
& At A wsh BN Fehdl AEO|=E clastind] WAL F7HAA AelAde] ol
ROS 44 % AE w818 A5 Zabt 982 Fes

I

. Plant scale AFR &AY E53HF
(1) AFA 2R F9F &7
OhH 3% FEEY F¢E 27
O WHHAMER RAW26AT7 AxoA A3 FEE9] AxSAS dSsh] A8l 48 F285 5%
2 Agste] MTT assays 33 A3 01 mg/mlolAd 1 mg/m7HAE AlES5A 0] YERtA]
SEoLt, 5 mg/ml FEFEE AE7H AEer] AZEAch (19 3-3-53A). mhebd, A TS
% Mo R 8 FEES 01 mg/miFH 5 mg/mi7bA] FEEE ARl wl, LPSel o3
%% Nitrite 40l 28 55 05 mg/mliF-H A7 AlZEte] 5 mg/mlol A= Ads] 9
He As S0 4 v (L7 3-3-53B).

do o & B

2

- 257 -



05 — S 3r *
I . _:_ T can
_ 04l 3
o £ . i
€S 031 . g2 i
o~
80 021 2 A #
) Z
<2 01|
00 0 H
0 0105 1 5 10 LPS (100 ng/m) -+ o+ o+ o+ o+
QY EES@gm) - - 0105 1 5
2% =S E (ugmi) <8 =E= (igm)

a9 3-3-53. RAW264.7 A XA B3 FEE AEEH 2
NOAA S W& & 4

O RAW264.7 AzEelA AFAIAR] HO-1¢ HdS S48 98, 49
glsto] HO-1¢] ©d wds 543 23 43 F5&0
|

3-3-54A). E, LPSel oo fE8 @FHRAAES WA R Rulo] 3F FEB LAE 2
HiE Ad} LPSel 93] =% HMGBIO #H % INOSe| 2d& 5 mg/mle] A% FE=E 9

N =
af AEA e, o]Zlo] COX-29 Tdo= & dFol fle Ae #IL =+ Ud (2

3-3-54B).
A B
25 r HMGB1 —» - -
£5 29 Ponceau S —» U —
8 15|
L= -
% T o5t ﬂ pB-actin —»
0.0 COX2 —» — e
HO-1 5| v e o
B-actin ——>| w—— — — —

B-aCHN ——| w—— ——"

y
9
»

=

= 00 ng/ml) - + +
2HE == (ug/ml) 0 05 1 5 HEFZEE (5ugml) - - +

(W) 2% FE2EF vx dEd (AFA d24)9 49 27
O WHAAMIER RAWZ2647 MEA 48 FE55 Y ddd (AFH oEd)e MExsid

7] flall, AFH dEAS FEEEZ AHYste] MTT assaye T33% Z2¥ 0.1 mg/miolA 20
mg/mi7HA F oEA o' AEEA ] YA ge s 49T F AT (27 3-3-55A).
weba, AEEZAES vt oE AFY dEds 1 mg/miFH 20 mg/miZkA A skls o,

455

o

PN
T

o
u

3]
sk
=2

¥ Nitrite A7) 777 oEA 1 mg/mlF8 A= 7] Al2kske] 20 mg/miel 4]
= et s = AS #AAE  Advk (23 3-3-55B).
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E0r o i,
o o8kl | 5 = Ra
5 — 4
O 06} 3 2r ,
. 04 o #
()] | =1
N 5 1 #
S 02}t
: 1
£ 00 .
0 01 1 5 10 20 LPS (100 ng/ml) i & & & &
HRY OZ® ugm) - - 1 5 10 20

HRD A (ug/ml)

19 3-3-55. RAW264.TAI XA 77 AEd AX=A 4
NOA gl A& &3 &<

RAW264.7 AlFEol A A5 A QAR HO-19] Eddoll SlojA AFH oEde] aats A5 9

o, A AEAL FEEE Aed HO-19) Bad Bag 4% A%, 5 pg/mie] AT
oA FEolA HO-19] W] 74 Z7ksieh (19 3-3-56).

i

HO-1 —> S — —

_ A NN
o 0 O O,

HO-1/B-actin
ratio (fold)

(&)

B-actin — 5 | m— ———
HRY OEHE (ugm) 0 1 5 10

a9 3-3-56. Raw264.7TA £ A dF5 A=Y
B i AFT dEAY &2 EH

RAW264.7 A A A7 od Ao F4 a3 AFst7] 98l LPSel o8 fed 954
Ql HMGBI19] #Hlel AR oHdE dAAgste] Ao Ax LPSel 9 fr=¥ HMGB1C]
Bz AW odAe] Axlzle] o3 (19 3-3-57A), ©]¥ g o
A7} nitric oxide synthase (NOS) SAAIQl L-NMMAS} sAlodl A3t S A 5 A= A
S ERIskt (719 3-3-57B).

o
o)
o 12
2
i)
rr
poy
o
Lot
ro,
o
2
(o
A
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>
w

w 60 w
§~—~ 45 ﬁﬁ 45
£5 22
g_"—j"‘“;' 30 iz’ 30
DT 45 BE 45 HHH
£ 0 I

HMGB1 —» [S—— HMGB1 — [N -

PonceauS—r_ PonceauS—rI -+ 4 i I

LPS (100 ng!mf) LPS (100 ng/ml) -+ 4+ + - -
ARPOZE (Spgm) - - + + AR OEE (Spgml) - - + + + -
L-NMMA (1 mM) e

29 3-3-57. LPSel 93 f=d HMGB1&EH| o g AFT oA
AA &3 24

O WAAER] RAWAT AEol|A LPSel o) =¥ 4
Ake] Qlabste] gk 75l olHHe] B3E gl 4

Y

A% #9 S (17 3-3-59)

N= R

Fe ASALAA MAPK 2 %
3, B4 o INKe| sk olAls

o[

p-p38 — . . -

p-INK—
i — S
p-ERK — [E—|
ERK — | M-

LPS (100 ng/ml) - 4+ + =
AR HEE Spgml) - - + +
a3Y 3-3-58. LPSe| 93] =¥ MAPK
Aztstol W@ AFW DAL AA E} £

A

O ol¥el ANER 4% 2 2 AT DA 247} RAWIBAT ALl A HO-19) 2@ Z7HA
713 LPSel ¢|& HMGBIS] #u]8 JAFo2s 434 AL 24 99 240 drke 2
2 s,

(2) AT dEA IHt 2
(Zh) "l AE 2doMe] Z& FEE9 IHT 523
O APMHTAES 3T3-LL AlxoA F FEE0] AESAS S| 98, 23 F2=

A2 A2lste] tryphan blue exclusion assays T3 A¥ 5 mg/mloﬂ A 50 mg/mp]}x]
=740 YehA egto, 100 mg/ml §=5FE= A7 AFES] AlEFsklt (1" 3*3*59).
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12 -

— 10 } — . = *
5 —
< 8 F
g 6t
£
= |
c 47
3
a |
0

0 5 10 50 100 500

2E FEE= (ng/ml)

29 3-3-59. AWATATANAN B3 255 AT=H =4

(W) v AE EdoAe & FE5& Y J2AH (AFY A2 vt 23

gl A

AS s Z 28)8te] Tryphan blue exclusion assayS 33 A3} 1710 pg/ml =74
Ao YA & s gRls o, 30 ng/ml FEoAA e AlEEAo] YERAL Qles
Belste], B Ao A= 10 pg/mle] AFY oHAS ALEste] A WA E&3}o| v A= g3}

U S S

P<0.05

Cell number (x 10%)

0 1 2 5 10 30
HARD WEHE (ug/ml)
19 3—3-60. 3T3-L1 A "-A T4 £ | A]
AFT EAY 54 AF

<387 A8, 7

O MDI¢ Ao we} <A zg2 2351s 3T3-1L1 AZEW A4 w3k AT oEd 10 pg/ml
Aglgt ZFelA control FELE FostA AAEY JeS Oil Red O staining©= £HQ13H

eN
T AN (18 3-3-60), Nile Red= #4138 T2 W &4 wgh 3uf o] AH ] =
8

Qletgich (1™ 3-3-61).
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Control

Scale bar: 100 pm

Lipid accumulation

MDI

(CD at 490nm)

1.0
0.8
06
0.4

02
0

p=0.01

MDI +
HRUEH

30 o2 (10 pg/mi)

39 3-60. AWAE E3tol] oA

+

L

+ +

AT dEA oA 23 AT

A

Contraol

Scale bar: 100 ym

Triglyceride conterts
(fluorescence intensity)

MDI

60
a0
40 |

30

20 |
10 |

0

MDI

—

MDI +

H 5

ELR =i

10 pg/mi

p=0.01

ARY NZH (10pgml) -
a9 3-3-61. FAAY
AR AEA A

+
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i oz Ay AWA| ER3Fe1AFe]l PPARy, aP2, C/EBPa¢] 2dS
bloto. 2 A5 Ay MDIo| &) Z7}¥ PPARy, aP2, C/EBPa¢] & o] #AFH odAS Az
I Jes gRlsn (¥ 3-3-62).

PPARyZ2 ——» n
PPARyl —»
aP2 — -—

cieBPa — o |10 -

_ — —
B-actin — | -

ML o e
AR HZEHAMOpgiml) — — + +

a9 3-3-63. ALESt #E AR TH
e AR EHY A £ £4

(th) At T2 2N Z& FE2E v dEA (AFD AEH)Y JH T 25

O

AT oAe] Yol Eabk AL AT bR F AYIAE Exol dEAE 5l
871 Siste] 653 ICR 2 AN 850 34 ol F& mA Holg Axste] ujw 5
29 ggateh AFY BAL 17U 39 300 mg/ke/dayE BTN 8F F A

A B Aol A ade SAT Axh A Aol Hls) aAY Aol o3t AT F7F
T Uehds A g@lskdrh. 28y AW olEds oA Fofdk Aol mAY 4

]
= Aol vlef ATol ¥ ¥

ool oI% AF F7he] Azt ekt gkom wAY Aol @
°l @ ARTAA Aol Ao 20
1

718kt o= AP Aolok A oEHE o] A
F

2]
& Apelve 54 i o AlsEn (3 3-3-10).

F 3-3-10. A HolE FAE FoAN AFH AEd AT E Ho] AH && £H

Weight (g) . ..
Groups Tnitial weight  Final weight  Weight gan | c0d intake  Food efficiency
(g) ratio (%)
(g) (g) (g)
ND 2054 = 086 39.98 £ 0.92 1044 21095 0.45
HFD 0855 + 064 4803 + 230" 1948’ 18615 1.04
HFD + 71579 ol|d 2876 + 050 5182 + 277  23.06 4120.3 0.56
A Ed 2085 + 069 4100 + 1.22 1115 1992.4 0.56

A% 4% n = 6

" Aol (ND) 3] vl

O

A Holg Ael F8F F 4P ANES] A% 24 AFHel Ay ALY 2718 Falst
Stk 7 A% oA A Ho] B APTA wsh 1A Mol AFY ARG Po] Fol
29 AF 3t o A5RAedE BT 4yl 3

bt
o
=)
N
44
re
=
i)
2l
o
ais)
=,
o
2
ot
>
e

d
flo
N
o
=
el
lo,
W

N
N

)
ub}
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9 3-3-64). 3 A 2AdA A B3 g gldse] HES 2Ae A3, 17
o&] %713 PPARy, aP2, C/EBPad] o] 7|7 o] dds Foldh oja] m5F 7t

gkt (148 3-3-65).

a9 3-3-64. 4 o] H
]u]— /q]

A 9

Liver

Adipose tissue

g 4
aP2 — [T ol | g
C/EBPa — P
N.S.:: b A %:—52
B-actin —| S| -3
HFD - + + - L gl
ARBofg® - - + o+ c 5
(& ]
B4
253
g8
B 2
; : 1
Adipose tissue olow BN OO .
5
PPARy2 - c
PPAR —3 &= } g 4 1
aP2——»| - ag3 —]
Crmr W i b
- ]
i —— —— Ll - N
Bactm—p| | R ==N = .
HFD - + + HFD - + + -
Auoojg® - - o+ 4+ Anoog® - - + +
a9 3-3-65. AFH AEAS T4 1A Ho]FY 2t} AW
ZA A A 23 @A S Fd x4}
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I 58 2] AT AR 5G5S G Aol A Aol o A 4
o 8% AYT Ao BE AW BHsAG wAY HolF Folg APTIA ¥
KX

U (TG), % Fd2HE (TC AP 2| ok —E’—Eﬂiﬂl (LDL cholesterol)

I
fhv=)

\
u)

HU
=
@)
=
S
D
23
@
S.

E 3-3-11. 2AF HolE FAT FHA

2% 2283 AFD 2 IF AL 4B 24
Group TG (mg/dl) TC (mg/dl) HDL (mg/dl) LDL (mg/dl)
ND 18575 + 7.95 155.13 + 4.23 104.00 + 7.83 16.58 + 2.64
HDF 20150 = 5.68" 224.00 £ 3.95" 86.00 + 6.39" 2497 £ 358"
HDF + AR oA 192.50 + 6.49 203.00 £ 4.08 91.33 £ 6.11 225 + 4.06
AT o dEA 168.33 = 7.74 179.50 = 5.01 105.67 + 5.92 1753 £ 6.19

MAF A2 n = 6
44 2o (ND) 23he] W)L

O oo Adasz A oEddo] Ax B 8 & RdoAs dF &
oM A FAe] vehAY g2 ddolA Aol HF7F miAdH R s <

=A7E Ae FRAsHAH:

(3) AFAY oBAY Fas 2D Fw-3 F7
Y A3 2259 s 2 g3 57

O #9 vl dAFIAIH AN 3 FEE0] vA = MEFA JES Istr] s, 43 F
55 5529 (0,01, 1, 5 10, 20 ug/mDE 2427k A 2Jste] MTT assays 3tk 2 Ay}
A FEE 20 ug/mi7HA AEe] AEE S v A Zoth webA, A8 FEE 20 pg/ml
T A skl 58 FelsdY (19 3-3-60).

10 ¢

f= R

g 5 R -
m -
8 05
=) W
et
<0

00

o a1 1 5 10 20

=2HE FE= (ug/ml)

3% 3-3-66. A% FE=°] AX SAd "A=E I
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Y FEE0| L0 % FRFAZAL el ROS A4 IAE E3E DCF-DA assays
Folo] 29 Sgirh FeABIALA FY FFE 20 pg/mle 244 A AHL, ROS Fu
A9 0,2 AEU ROS A4S FEdle DCF B34S Baad. o 2%, ozz
e ngA, BY 522

A A 22 7o A= AE W ROS A4 Ales HolA ekt (1" 3-3-67).

% K
ol
ol
:8,
=
@)
lf
Ay
It
2l
o
=
>
oot
r_u il
=
>
rir
o

o
ol
ol
X
o
o
o
k1
1o
of\

FA8 B

Control

a0

£

40 et
30

20

OCF fluorescence
{arbitrary units)

10

0
H,0, (800 uM) = owp omp s
2= =2 20ugml) - -+

+

I¥ 3-3-67. H202 Aol 9% daHF S AXNAN 47 FE&9
ROS oA a3 43

3% FEE] AfrotdEdd et AX5d JdS ] fldl, A FEES = (0, 01,
1, 5, 10, 20 pg/mh & 2417+ Aglste] MTT assays 38k 2 A3l 28 F5% 20 pg/ml
A AL AEE TS MAA FAtE wEtA, A FEE 10 pg/ml EAA Pt &
T ekt (17 3-3-63).

10 | L

Absorbance
(CD at 570nm)
]
wn

0.0

o 01 1 5 10 20

2HE =& = (ug/mi)

a9 3-3-68. 4% F=E°] AfolAE
AE FAA A= 9F 49

AfrotAlEol A 748 FEEo] UVBel 9al ke AExwstel] nXe= &3E dRlstizt st
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A ZBoloA] L8EE AE S glom n I “Nano Silver Technology” et 3] A}l
A a9 ogasl g g2 Ve BF A §5ES R gE HHoZ F
HojZoh oA s &2 AEFHVER ERFstn JA o wa FDAC A= “silver
nitrate”¢] FHE tHEH=E FH3Ha Ut

%H?r

3 =ohEsol ‘:%% = Zi% gt A+ =Fo] At} Islan (2015) 094 Aol A
Uik b wlola R ek g o] o]shehA] A4S A8k %laL, Vergaro (2015) 5 °
Aol M= YmEabdE S nano carrierdll A8 A% olEshH 54 el Wi
TE sttt

718 e Y] &8 E gRststy] fsiA Ak EE e B (R gA) AsE S
3 thE 1EA 22 £ 3o digk 53 % EA A

oFH X Uk A7|9 vtz S ol fstel FE A F5E, A W 24 v =4
dol FHE olF UL, 7|e & A 2 QbEEoR AxEo o]ststE 54
< A7 W&ol FFE olEtt

AxWHoRzE A E &8t oy dAlE AAHA Axsts WAE ol&stded, ¢
B 0 2 hammer milling”] S &8 12 33 7<= (4 dH)E A, 2ol= d +f
A 7](colloid mill homogenizer)t} high pressure ¥ & 7] (high pressure homogenizer) (55
2B H)E ol &ste] AlxsteE A4S AXTh

12 33l 71 7Sl A FEore] FAEE EoflA E8EHE Ylwola, 23 I3 7]
=% A5+ high pressure homogenizer’} emulsion 3} o] A& %= 1E3t 2F¢]

ARG A =H o] & ol&ste] "olg(bulk)e] LF=S UxETe7EA wAs $HS 4
Stk AL A WHolA HSe] dasit



E 3 AFHVNES BN Ux EF

)
. A s 22 _;Lj]} Gz g5 2R %)
o Silicon ot arg A A o] L F - | http://www.nanotechproject.
Nano bio—sim .. - = 7] Al ) .
dioxide =% org/cpi/products/bio—sim/
S - it 9% gas nE T4 )%
TiOS H7F3F SA|Fo A2 n e B ) = ge}s o= 2 I's, - Long et al., 2014; Drobne
S22t FJaA in vivo 2 Ti0, ¥ A8A olgE S, =T et al., 2009
ol T = H8&4/584 4F 783 N
Nanot Seleni 160 ot A8 ddE A8 A= http://www.nanotechproject.
anotea elenium - . - = ,
nm A A o] &E T org/cpi/products/nanotea/
Al = T Lzl o o)t} - 3 = o
A e Ead SEbe AHESE ) as a, ANGA oG8 37, .
2 o] g% W AA FrEst A as e | | gea/men g ase | TF GUAN et al, 2006
Aol gelwst by gy, | 700 ° et

s ol = A& 75
o o[ B R ogas RE 2R IS, Liu et al, 2006
ZIEH(ARE] bAEA ) ’

| http://www.nano-bio-silver.
Nano bio silver > - Skt 28 A& p// )
com/index.html

http://www.nanotechproject.

Maternal water & - St 2hg A% | org/cpi/products/maternal-w
ater/
http://www.nanotechproject.
Silver - 22TM = - AW A o] &E T AF | org/cpi/products/silver—22tm
/
Organa Colloidal Silver & 40-100 AW A olgE 3 A % https://organa.net/shop/orga
nm na-colloidal-silver/
o] 5SS FASIEA FohES o,
AAE FA4, 7F22(COEA o2 s Eiaty - 7] €} 53 10-2009-0065014
o, &7 A 53 22 7|5A
a1 BaAg o g AE 9o E A N AN ABA o] & TX .
U £0] Qo g7 g d s C | wey/mes A ss | 10-2011-0065687
=802 o]8d F e ux Zu A
o o U]°7LATO]’;E o = 2% : ANYA o] &8 F3 R Gang et al, 2008
Bz T E X 2% o= = o =]
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top—down H2] © 2 high pressure homogenization, high

i =

speed homogenization,

=
T

O Alxz7&d &7 &

Ao,
thermal

o

spraying drying
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¥ 4 HEE Y 249 Az

Zled &

Ax71E o5

Azx7l=e] 49

NI

dxed

Coacervation

(or Desolvation)

A5 ez (58 wrA B,

S o} watE)] e
ARAA 51 WA
2EE WAL W Frol=7}

TR A4 FRo 1t7} g
N A
o

i _1

Coestera et al., 2000; Mao et al., 2001;
Kima et al., 2006, Kreuter et al., 2007,
Motwani et al., 2008; Ofokansia et al,,
2010; Zhao et al., 2010; Jun et al., 2011;
Xiao et al., 2011; Yang et al., 2014

Tonic gelation

E
tripolyphosphate) &< 55 4
ol 71EA = AetdEol

E [e=]
—_— =
5

Pan et al.,, 2002; Bajpai et al., 2004; Lin et
al.,, 2005; Sarmento et al., 2007; Jang et
al.,, 2008; Avadi et al., 2010; Dube et al,,

2010; Ibarguren et al., 2012; Benavides et

Fol2Adel EFEatd @ )
Agstel Yol 84wk, al., 2016; Otalora et al., 2016
LEAE THF3 Fo FEHORE Kwon et al,, 2001; Choi et al., 2002;
== Y A SAE sk Wang et al., 2006; Poletto et al., 2008;
T A5 ¥31 & d9std o | Wang et al, 2006; Lertsutthiwonga et al.,
. G AH o2, A= 4ol 2009; Rao el al.,, 2011; Semo et al., 2011;
Emulsification— ) _ .
. Fe gujo] AS T 14 Lesmes et al., 2012; Li et al, 2012; Rao et
Diffusion _ . i
S dx, 23 2 FAAAS | al, 2012, Amir et al., 2013; Navideh et al,.
A7) A8l o =& HUlkskeE 2013; Safa et al., 2014; Jennifer et al.,
7l & olth 2015; Matos et al., 2015; Nanik et al., 2016
Emulsification-diffusion ¥}
e L frALetY kel E& HUbeke Tan et al., 2005, Anarjan et al., 2010;
Emulsification- -
. Al TS AlA EHE oY Kanakubo et al., 2010; Cheow et al., 2011;
Evaporation - . )
xWe HAAA ZRHES Ax Leong et al., 2011; Silvaa et al., 2011
3= W ot
Miihlen et al., 1998; Jenning et al., 2000;
Einhorn-Stoll et al.,, 2002; O'Reilly et al.,,
High speed AN A AA e Eoow FAS 2005; Liu et al., 2007; SeidMahdi et al.,
homogenization/ 2007, Ye, 2008; Zanetti-Ramos et al., 2008;

high pressure

A7 o2 F2 emulsion

Azl ol AREE Y LA FE 9

Relkin et al., 2009; Belhaj et al., 2010;

homogenization o1 2} WA Eo] 5 o] Al& ) Qian et al., 2011; Yin et al., 2012;
Hebishy et al., 2015; Fernandez-Avila et
al.,, 2016
Dalencon et al., 1997, Govender et al.,
1999; Zhang et al., 2006; Sahu et al., 2008;
EZ 9] self-assembly=
o - Sahu et al., 2008; Hu et al., 2009; Yadav
frieste] Yegdas vhes
Nanoprecipitation . et al.,, 2010; Almouazen et al., 2012; Cho

oz HauH ks
:|

et al., 2012; Cho et al., 2012; Ferreira et
al., 2012; Khayata et al., 2012; Tang et al.,
2013; Miladi et al,. 2015; Yang et al., 2016
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Spray drying

>
off oo
A,
2

Gomez et al., 1998; Rattes et al., 2007;
Jafaria et al., 2008; Lee et al., 2011, Abreu
et al., 2012; Mohajel et al., 2012; Moisio et
al.,, 2014; Berendsen et al., 2015; Rikkert

et al, 2015; Edris et al., 2016

=0 Eo] dRFHES
EEA (monomer), A &S
Polymerization Z 3 A (polymer) 2} 33l 2& 5+ Losa et al., 1993; Mesiha et al., 2005;
ol e dFAT st AES Moura et al., 2008
%8 (co-polymerization) ] 2k
sk},
HE oitgs A=A Eae
Ak FRo|=YAE oI
%‘go}t_ e, %E_O]Egl Holt, 1998; Lee et al., 2004; Tsou et al,,
, ) A, &=, 4] #dst 5 . L
Ultrafiltration ) 2010; Kishida et al., 2011 Nikiforidis et al.,
ol &gttt 7+F TAES Zte g3
aEAube] g Jda o] &} 2011; He et al., 2016
1-100 nme] 4% 3o oz}

Molecular inclusion

Abarac et al.,, 2016, Gong et al., 2016;
Wen et al, 2016; Zhang et al., 2016

Colloid mill top—down H2] o] A

homogenization

Maindarkar et al., 2005; Perrier-Cornet
et al., 2014

R
o
rir

=

oty

2

ol

tlo

4

M

K-

ME
W=

>

N

(2

Self-assembly AR HEE o X

| =
(liposomes) A8 AEH oz Hjd

e
2
)

s

oL
i
o
vl
2
o
ol
I
-
ofo
oX,
M

Amnuakit, 2016; Jin et al., 2016; Kaminski
et al., 2016; Liu et al., 2016; Zhang et al.,
2016
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2)

HEI)IS¥EFR
=2 Tr
Top-Dawn Emulsification, Homogenization, Sonification,
Spray-Drying, Electrospinning, Ultrafiltration
Battorn-Up Coacervation, lonic interaction, Gelation,
Nanoprecipitation. Salting cut, Solvent
evaporation, Molecular inclusion, Polymerization,
Solvent displacement, Self-assembly
Physical Emulsification, Homogenization, Sonification,
preparatian Spray-Drying, Electrospinning, Ultrafiltration,
Solvent evaporation
Chermical Electrospining, Coacervation, Ionic interaction, Gelation,
preparation nanoprecipitation, Salting out, Solvent evaporation,
Maolecular inclusion, Polymerization, Solvent displacement

a9 1. 718 Yx 249 Az /&l BF.
gl B
FejE BRe T2 FEstda FE AMEste doR A Tzl 74l o]
Hked wof = o] 7L
T2 Y Ve wol &8y, I”stuA s =21 e BEEE
wate] o] & 7kl A A& wE Aol AAA o]zt
AE Boto A e BEFo] wE U AA] o] oulstE vl ok AR Aw
AAAG ARl Aol WE BEF 22 21 ou s FEIHA o
25, Y, F5 T 2 AE F e =Y H] ) 32 2ok dErt F
23 onE A g}
2 F okl A dwddd Aoy v 99t Ag de&stste] A&7 4w 3
o] AdAH oz AF sel] Wo] 2 FE7F ALEEoIX L ).
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X5 AEL Ux A9 Ax V)eE BF

FH ol & 5% 7] =
Az g4 A F=2 200 nm Mao et al., 2001; Jafaria et al.,
S84 7F A 7bs ko] =17 2008; Nikiforidis et al, 2011;
& TAVE 14} emulsion. Lesmes et al., 2012; Li et al.,
o HAS A g} AT = | 2012 Rao et al, 2012; Troncoso et
Nano-emulsion | T &A7]|2 2z} o|dHA ulg} ohA al., 2012; Jiménez—-Colmenero,
Az, AFE okl A 2ol 7F 9l o 2013; Alfaro et al., 2015;
7Hg Bol ARgsta 1 mm% Esfanjani et al., 2015; Li et al.,
T2 A" A9 Y sk 2016; Mohammadi et al.,, 2016;
L -stol] AR-8-E T AT Atk Prasert et al., 2016
A A o]FHo R
TAE dA=2 I+4 Lamprecht et al., 2004; Wang et
Aes F2 A8 o Gt al., 2006; Minnes et al., 2008;
AbgEY, JEA T . j;; ) Sanchez-Lopez et al., 2009; Liu et
254 A8 2" he al., 2010; Marsanasco et al., 2011;
. ) _ mm/ diffusion
Liposomes 7hs stk Al Azwe s Rao et al., 2011; Frenzel et al.,
A Ay sdg A 100 nm 2015; Frenzel et al., 2015;
Ao s sE u)gho] o). Amnuakit et al.,, 2016; Jin et al.,
Hofo| A = 2016; Kaminski et al., 2016; Liu
ALE o}, Rt et al., 2016; Zhang et al., 2016
A 7getg g o] Holxith
2 2L FALSH
AAES F=
AL AT A Y H = 100 nm Holt, 1998; O'Reilly et al., 2005;
A7)0l R = muto g F8 Xia et al., 2006, Aliabadi et al.,
Micelles AeA712 +44 24 AES | 2007; Sahu et al, 2008; Semo et
o] o] olt), wlS- 93 o al., 2011; Balde et al., 2016; Ma
AR dAR self A& €Tt et al,, 2016; Zhao et al., 2016
assembly W ol 23|
Al = F T}
& weol 100 Lee et al.,, 2004, Graveland-Bikker
2 7ol Y7 et al., 2006; Graveland-Bikker et
nm©°| I
Nanotubes VEeEYg FEZ Aol Aa al,, 2006; Yang et al., 2008;
A Z why thekEi) Aol gld Sweileh et al., 2014; Bueno et
al., 2016; Gouda et al., 2016
2314l Tamjidi et al.,, 2013; Aditya et
Nanostructured Ur 72 JEJ} FHE 254 al., 2014; Manea et al., 2014;
Lipid Complex FAH A A o]t} AgAd AR Livney et al., 2015, Wan et al,,
8 7} 38} 2016
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Miihlen et al., 1998; Jenning et al.,
A ES i 100 nm 2000; Zhang et al., 2006; Ipsen et
Solid lipid 29 oildl =1 H | wgroe R wl§- | al, 2007, Liu et al, 2007, Cheow
nanoparticles Uxst 3 & 228 a2 4A et al., 2011;
o] A 23} ¥ ol Aditya et al., 2014; Ramalingam
et al., 2016
Ak Fde] 4 & . Gomez et al., 1998; Rattes et al.,
Y72 Bshel u]-o]—rﬂiﬂ- 2007; Jafaria et al, 2008; Lee et
Nano- Aol AZAY Y= wol =17 al., 2011, Abreu et al., 2012;
powder X o] =g}o] A=l Mohajel et al., 2012; Moisio et al.,
WS o] g %‘;;} o 2014; Berendsen et al., 2015;
st ® ol ) Edris et al., 2016

Solid Lipid Molecular

encapsulation
Particles complex assembly
o | — — | — | —
» Two or more # Similar emulsion » Physicalstructure » Formedbythe » Size diameter
immisible liquid  » Solid er semi-solid between Hostand spontaneous of 1-1000 nm
» Lipid-based core Guest surfactantin » Nanosphere and
structure delivery » Cyclodextrin o Cieh b Nanocapsules
# Liposome
202 j
00 0 = -"-: i_, .,_,r"

a9 2. FHE Y= dREY FTF.
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X 6. 7|54 AFS 29 Ux 2
e 5 94 =7 | 2R %A
A AY A
| CIEE S 74 . fani L, 2014
g /g ety 30-900 nm = Erfanian et al., 20
g 7HE3}
A A A o1 - = Kim et al, 2014; Ma et
2 olesm =37 aH 100-1000 nm = al,, 2010
http://biz.khan.co.kr/khan_a
A A A 1 B s . o
3 o] @z = Eag e A% | rt_view.html?artid=20091026
] o= 'o“/—ﬂ
1137478&code=920100
http://www.nanotechproject
4 A A a4, - A 3% org/cpi/products/24hr-micr
&g SISt IR w| oreepvb
oactive-r—coql0/
A A s ) http://apexel.co.kr/gnuboard
5 ol es =7 H] EFRID, - A% | 4/bbs/board.php?bo_table=p
[ o o s
aFovl & roduct_ko&wr_id=3&page=2
http://www .biopharmasci.co
]_/\
6 O?Lli @;1 | u}zﬁ]g’, " ) A= m/ nanomineraIS*@ineralfpo
&85 51 Te), ER wder-p/33-nanominerals-s.
htm
http://news.naver.com/main
- iL 14]2 A jﬂ CLA B e / read.n.hn‘?mode=.LSD&mi(.i=
o]l &E T3 sec&sid1=102&0id=038&aid
=0002422863
http://www.yakup.com/new
A A A - ) .
8 olag = HIEFRIC - A% | s/index.html?mode=view&c
] o= —o‘;ﬂ
at=12&nid=193945
http://www.nanotechproject
A A A . - ) .
9 - multivitamin - A .org/cpi/products/anabolic-v
ojl&E F3
itakic/
TS
10 O]Zj;_g gg];ﬂ A xetd 200 nm =5 Ha et al.,, 2008
http://www.reuters.com/arti
A A A : =
11 olas = canola oil 30 nm A& | cle/2008/07/30/us—nanofood
] o= 'o_;ﬂ
s—-1dUSN3044875220080730
http://www.nanotechproject
.org/cpi/products/mesogold-
1 A A A . 5 P E y
olgE 3 " nm e 7,
https://organa.net/shop/orga
na—gold
T
13 xﬂli 8 ks < 100 nm E 3 10-2005-0030940 (2005)
o] && F3
Al A3 A .
M1 e == 71 - 53] 10-2009-0065014
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A A A

http://apexel.co.kr/gnuboard

15 ol oz = 71 EAE - 4/bbs/board.php?bo_table=p
] o= ”o“;ﬂ
roduct_ko&wr_id=9&page=2
T
16 o ;i]:i giﬂ olo] A= E 50 nm PCT/EP2006/000827
] o= —o‘;ﬂ
A Ll AY A ~
17 088 =7 S| - Seo et al.,, 2015
A A A ) ) http://www.fulvic.org/nano_
18 = = Fulvic acid - . ) )
ol 8E T3 humic_fulvic_acid.html
http://www.insijournal.com/
. .
19 OXL_QL gj] a5 Feha - % | news/articleView.html?idxn
] o= ’o—ﬁ
0=5640
http://storefarm.naver.com/
A A A _
20 olaz = =4 - + | goodbuy365/products/34985
] o= ’o_ﬁ
5452
http://www.biopharmasci.co
. 5
21 Oﬂ;jg %ﬁ—ﬂlﬂ 3 @ - % | m/nanopro-protein-isolate—-
powder—p/2np-btl-s.htm
http://www.ipharmnews.co
A A3 A - ) ) .
22 ol z = e - ¥ | m/news/articleView.html?id
] o= 'o_;d 206
XNno=
I”IE o A
Ixis - N
23 A f A A (L lele ) 50? i E3] 10-2013-0061200
088 =7 plantarum mm
o1 AW A A BT B e http://vip.mk.co.kr/news/vie
olgE T3 w/21/20/1368701.html
TS
25 O]Zjélﬁ% g_;]ﬁ cellulose - = Serpa et al., 2016
Al A3 A .
% olgE =7, FPSPERY B wm Andradeetet ?l.,zg(l)(l;i, Serpa
7E (FAAA) o
http://www.dailysecu.com/n
o | A 7 7] A - iew.php?article_id=11
olas =7 Al ews_view.php?article_id=
322
0 AW A A =2 dlo] B http://blog.naver.com/mush
o]l 8E F3 H A blog/220138036391
http://www.dt.co.kr/content
A A A . .
29 ol @z = =4 - s.html?article_no=201506100
] o= *o‘;ﬂ
2109923809019
TS
30 O]xj;_g gg_ﬂ;ﬂ nEFEEE < 150 nm Jeong et al., 2010
A A Al B 22;
. < .
31 ol aE =7 2z 100 nm Jeong et al., 2009
AU A8 A &2k —9010-
32 ol aE =7 2zn 10-2010-0119954
TS
33 A Z4 %% | 100-500 nm 10-2008-0004915

°o]&E X
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http://apexel.co.kr/gnuboard

_ 5
34 gl LHE ngﬂ =4 ¥ | 4/bbs/board.php?bo_table=p
o]l&E T3
roduct_ko&wr_id=b&page=2
http://www .biopharmasci.co
A A A . | m/nanogreens-vegetable-su
35 g8 =3 - - -btl-
&' ol pplements—p/1ng10-btl-s.ht
m
A ) AY A
ol g E T4, n .
36 g A /g A =5 Laouini et al., 2012
A 783
AU A3 A
ol & E X, - .
37 . %,: Y %o% e B-carotene =5 Kim et al., 2013
A 7183
AU A A
ol & E F7,
38 ‘ﬁ%—"é/%%"é Dong et al., 2014
qE 7838t
T84/ 5L
A 788 - -
39 A A A 10-2006-0062616
o] 8& F3
%84/ 8 84
A 7183 - -
40 A A A 10-2009-0106223
ol g&E T3
%84/ 8 84
A 783 - -
41 A A A 10-2011-0108928
o]l&E F3
H8d AR i}
42 _ 535 10-2009-0094815
745 i
43 H&3/EE4 o Chantarasataporn et al.,
AR 7183 e 2013
T84/ EEA
A 783 o )
44 e (% 2+8 (Fe,Os) 20-100 nm =5 Florentine et al., 2011
'—l—l—-
)
&) =i}
o T X gas =]
45 HE v s =i Seo et al., 2010
gt 2E, Al ] )
e _ https://www.purestcolloids.
46| AA ol&E 70-120 nm | AE P b
e com/mesogold.php
&) =i}
s U =x gas o) .
47| BE 2F %, =l 100150 nm | =% Zhang et al, 2016
8% =2 Francesco et al., 2011
48 A9 7= =5 Hu et al., 2013
49 Y= 100-120 nm =% | Krishnaswamy et al.,, 2012




olive leaf
50 Y7 & phenolic < 10 nm =T Mohammadi et al., 2016
compounds
51 FIE 7= AFH 270 nm =i Xie et al., 2013
71 e} http://www.hanabiotech.co.
52 (W Et=F3F W el F3F - A% | kr/product/product.php?mod
TEEE D e=item&it_id=1245840684
53 7] €} T EAt - £ 5] 10-2014-0010751
54 7] e E < 500 nm 53 10-2011-0008248
55 7] e} Z ghnl= 22-28 mm =5 Ko et al., 2014
i Nel| =
56 71 BASLS 4553 mm | =E Park et al, 2015
b=

AU A3 A - o
57 ol8g =7 R - =5 Jeong et al., 2017

A ) A8 A -
58 oles =37 oFALo] W 2] - = Park et al., 2017

T
59 O]XEJH% g_;ﬂ{] Bk & < 100nm =5 Kim et al., 2014

A W A A .
60 ol ;}é g%] 2 TiO, < 200nm = Jo et al., 2016

A AY A . o
61 olaE =7 SiO, < bnm =i Jo et al., 2016

P>

=
o

HI

=l

ﬂ
! 2H, 2= 5 A - EEMH, THE 7|2 EHO[A], ¢
B4 : HHol~ 5= o M=Z oot B8 R M
0L+ 2 234 52 25 M=S Hu 24
. .
(Ui 55 8 WA A 50
= ~
Bicpolymeric nancoparticles, Mancemulsions, Liposomes, Micelles, Manotubes,
Solid I|r|“ 1ancparticles, Mancfibers, Bilavers, Manopowders, efc
LHEVEE =R
Coacervation, Ionic gelation, Emulsification-diffusion, Emulsification-evaporation
Homeogenization, lonic interaction, Thermal gelation, Manoprecipitation, Spray-
cir}-i*.g Polymerization, Ultrafiltration, Electro-spining, etc
=
n. 248 35
Drelivery (enzymes. amino acids. vitamins, minerals rI* tochemicals, drug)
Antioxidants, Preservatives, Enhancement of stability, Control release
AT D|Ea AE =D (2012 ASE LeaTil) SR HEL D O 28 33
aY 3 Uz AFY Ax U EF, 20139 AEFEAYEES WY §F7 Y= F

¥E 3¢ vdE 3 EE3.
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“Tip-Top Up® - Oriiega 3 Bivad Canola Active Qil

- nanocapsules with tuna
/ fish oil

___~-nanocapsules break
only in the stomach

- nanoencapsulation of

< | fortified phytosterols ™

-reduce cholesterol
intake by 14%

Source: Tip Top Bakery, Australia Source: Shemen Industries, Israel

Western Australia

71e 54 =4 JA A7 | BF =
AW A A o] &&
B ofo] 2 Zeh i 50 nm | 53] | PCT/EP2006/000827
o L
AW A A o] &&
B FEUE 100-350 nm | 53] 10-2012-0092386
o L
\r_}s;./\%/‘ﬁ A AR
° 07}10 R A2 ~EE | 200-300 nm | 53] 10-2008-0109835
H8A/EE AR
! %) o) g5k
< 150 nm | 573 10-2009-0094815
AW A A o] && AR
=%
" ) 98-170 nm Kim et al., 2015;
EAC M hemicellulase =5 ]
< 200 nm Kim et al., 2015
I”IE 3 o494 100-350 nm | =% | Bejrapha et al., 2011
2872 capsicum 17-21 mm | =2 Nakagawa a et al.,
oleoresin oil 2011
2.9-5.2 mm
N . Helena et al., 2013;
HE 7| &= flaxseed oil 6.4-15.9 = )
Frascareli et al., 2012
mm
B-carotene,
FE 7| & 1.6 mm =i Gaspar et al., 2016
a—tocopherol
Y7 % EGCG-casein 75-160 nm | =& Xue et al., 2013
Y% nisin =1 | Muhammad et al., 2015
I”IE, I AR
- cinnamaldehyde < 200 nm | =i Jo et al., 2015
|
o] R 2 ko) d i - =i DENG et al.,, 2014

_23_




} _ http://www . forbes.com/
Fr A A, s S
14 AR e A7) cacao - A& | 2006/01/09/in_jw_0109s0
apboxslide.html
15 7] e} 7 - £ 3 10-2014-0078596
NENA e, S o] 4817 2 B httpl//dl.c?onga.saence.co
16 =) (2271 4-6 nm A3 | m/magazine/view/S2010
° - 07N012
ko)A http://dl.dongascience.co
17 EH(o]F o] o] - A% | m/magazine/view/S2010
masking) 07N012
http://dl.dongascience.co
18 Z1EH(A ) e - A% | m/magazine/view/S2010
07N012
19 "7z, Pt 180-350 53 10-2013-0098379
ANEHA D) o T
20 2771, T84 84 AE | 120-250 E 35 PCT/IB2013/054730
7]E]r(°1_}75]§}‘) To 0 B0 o nm =
21 2971=, o < 200 =3 10-2016-0050275
= nm | £ - -
7]EH(A 9)
22 2971, A 3 10-2014-0195281
p=1 _ E3 _ _
71EH(A D) "
I”IE,
23 AT - = Cho et al., 2015
71EH(A ) i
24 g 1A =3 - E3 10-2017-0055167
AN B A o] &E
25 B AT - =3 | 10-2014-0140387
=3
26 71EHA ) AT - E 3 10-2015-0021254
27 I” V& TNFEE - E3 10-2014-0039229
28 7R (2t 7h4) THFEE - 53 10-2015-0112562
AN A o] & &
29 B 2 - =35 | 10-2015-0010391
vC_)_ -
AW A A o] &E
30 B fakt - =35 | 10-2016-0080966
el

A 44 AF EFAA U= 7E
O AF xAAd Y= EZAS #H7lste] ofg 7HA 7]5o] {7ty =d, Z=7F 57
A, nanoclay 5o ARESA] AZE &7 U 59 JdE S5oA WEHE gas’t
AU e A2E Z2A 5o 9] gas Hi 7
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Nanocomposites for Food Packaging

Smart Packaging System to optimize product shelf-life

Lighter and stronger B

Minimizes loss of CO,__
from Beer

&
Nano food-packaging film Nanoclay particle based Beer Bottle
(Bayer Polymer Inc) (Nanocor Inc)

ig;. 3 The nanocomposites structure minimizes loss of carbon
Mitsubishiand 8 @ dioxide from the beer and the ingress of oxygen to the
Nanocorplastic beer = bottle, keeping the beer fresher and giving it up to a six-
bottles development = month shelf-life.

a9 6. AFEFAM Y=FAHAEEY S5

O 7lg A

19 & EAGFE AMNLY) S Yest g ﬂﬂo} A S vhesbst
ol 58 Hrbsel FHEA BEL AL, AR FE71S AFANAT (AL
o=, 2014).

O Azl A AgsE g2 mYel F¢w LFEA I FAS 5 mE G wEE
Nee FBAA FES A7 Ak AEAES 109 ol Y /&S ol §7 A
Fxgol A TN 25%F AAF FER wFol A Relekn A 9l

T =l ALe =, 2014).

£ 8 Uxrlge] wr9d EZA

ilked 7e 53 =4 A2 =27] = =]

1 g 7%E < - £3 10-2005-0087823

2 I 7% < - =i Jiang et al., 2013

2 0.1-500
3 I 7% o, e o =3 10-2015-0108927
’ w2 1-100
nm

4 I 7E <, =, AZvE 53 10-2007-0124812

5 37] 87 Cy"c‘i‘gggxné .| 140245 nm | =® Kayaci et al., 2012
6 g 75 cinnamon oil 270-410 nm | =& Wen et al., 2016
7 s 7 EVOH - =% | Cerisuelo et al., 2012

bentonite,
8 s 7% montmorillonite, - =& Meira et al., 2015
halloysite
9 S35 3 TiO, 10-30 nm =5 10-2008-0136065
10 | &714= 43t TiO, - £3] PCT/GB2010/051515
11 L= 73 fish protein - =i Rostamzad et al., 2016
1 sBs B Cloisite < 100 nm wn Pereira de Abreu et al.,
2007
13 7VEF (s montmorillonite - =+ | Khalaj et al., 2016
=34 Z7h S : ;
14 o] HAIA TiO, - =i Choi et al., 2015
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A28 =9 A3Y g FAFFE (Yerie 599 A AFHA (5AF: F-FE0FY

=7le A& Atdle A9 (2014))

O (A=) AFo 54 (FDA)2 FDA #&e RE
_T’+ :g‘_—o— %;g /Hl—— siﬂ7].§. E;Hgi i /\ _,/]_
71 A AT A F(2013) S mh g
o YnlE rAFHTATAY S A HREAT I 2

2013 TFAIFE A=A GAE BESAL, Y ,
A, SPH(EHS)) Aokl A A A5 HoARE uxp wkgste] Fxlska
o]

O (M=) HF(USDA)= AA HAx2 Fd3 HFAe dxrle A& a3 =
=9 2Hd (2002)

o A mpo]eAAYo|Y, AntE

) A 2d, kol o

=
[e)
wAA, VAR 2 el 9 EW ATAh FE

e NIA (Nanotechnology Industries Association)®] #21 A3} H o 7]

pof 7% 53
o 60%7F 49 Aol A §EAY, EFE, A/E His Sl B
dgol 7bE Btk A% oo IF 492 HHoR @ tw B @ 494
A FWPEE A7 G FAE F shtolt

= S5 SHESEREH UZ 2771 AHE du4sS 9
*ARLE0 HUMEZQAL JFEL LUK S8

= ME QHEdn 2otg T FHVIE

CREE AMEE Btoh MR EE AFE S HERL S4 HES AT Lk

BHXl Ol DNA QIEIH AR S

¥ 40| ofH OjEE Said mf Slo| Y87} FAUF0M o2 CE Yyez I
AEh MEHE W B O|HAIE YL POBIA MEElE DFHO| 23k AHEh o 4t
o = 2

RS540z EXlo| EXREE T2
= SRR REQO MER HO|2%FE HZUY
* LI ST, LHeE, LHedR O[3 20| A slo|=22 Hits /s Hio|2
DEXO 222 YAt HI| YA &
= HSQ| 7IE mEe| HEH ZTE=MAQ MEE S8 20F
* IHS0| MEsIAM Z7|EHE ok 7|Ht LMl =
= AR EZ 2T U 7| AE 3 RUEQ MEMEY CERERE ME2
A8 U AN 21 JMF N
* AR MENTIZO| WENORL THYIE EoF 888 Ut LR VMol LRt 5

* ZR: 20124 0|20 Lhed|E HA S 2012 = 7hbe 7| %% 8 ME|(KIST])

a9 8. T - AF Eok ok B4 AF Rof,
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= 97 A9 EKHFY 2016)

Title Institution
Development of a multiplex biosensor system with nanobiomolecular Auburn
probes for rapid detection of common foodborne bacterial pathogens University
. Aubur
Development of nanocellulose-based hybrid fuel . n.
University
Connecticut
Nanoscale elements suppress plant disease, enhance macronutrient use | Agricultural
efficiency, and increase crop yield Experiment
Station

Nanotechnology for improving local systemic activity of copper (Cu)
pesticides and measuring sub—surface Cu bioavailability in plant tissue

University of
Central Florida

Behavior of nanobiomaterials in the gastrointestinal tract and their risk

University of

assessment Georgia

Development of a novel enzyme-enabled raman spectroscopic imaging | Iowa State
with nano-scale resolution University
Development of a multi—enzyme biosensor with ink jet printed JTowa State
nanoparticles for real-time multi-pesticide screening in the field University

Elucidation of absorption, accumulation, and toxicity mechanisms of

University of

antifungal treatment

titanium dioxide nanoparticles present in foods Massachusetts
. . . . Forest and
Nanochitosan wood treatments: A combined fire-retardant and Wildlife

Research Center

Innovative methods to improve the sensitivity of nanosensors for Lincoln
detection of biomolecules in food systems University
Transforming nanocellulose into an advanced biorenewable Clemson
reinforcement with hyperbranched polymers University
Virginia
Compounding amyloid reinforcement into rubber Polytechnic
Institute
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