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SUMMARY

I. Title of Research

Development of nano structured microparticles of organo-sulfur compounds by colloid

interfacial technology

II. The Objectives and Importance of Research

The overall objective of this project is to develop novel multifunctional delivery
systems, based entirely on agricultural products, which can be used to carry, protect and
release functional food and agricultural components, such as bioactive lipids, antioxidants,
antimicrobials, and flavors. Nanotechnology would be used to structure the delivery
systems so that they could release functional components at a controlled rate in response
to specific changes in environmental conditions (e.g., pH, ionic strength, temperature).
These nano-structured delivery systems would have advantages over many existing
technologies because they are relatively inexpensive, biodegradable, biocompatible, and
provide novel encapsulation properties.

Functional ingredients (such as drugs, vitamins, antimicrobials, antioxidants, flavors,
colors and preservatives) are essential components of a wide range of industrial products,
including pharmaceuticals, health care products, cosmetics, agrochemicals and foods (Karsa
and Stephenson 1993, Risch and Reineccius 1995, Forster and Rybinski 1998, Goddard and
Gruber 1999, Wise 2000, Shefer and Shefer 2003). These functional ingredients come in a
variety of different molecular and physical forms, e.g., polarities (polar, non-polar,
amphiphilic), molecular weights (low to high), and physical states (solid, liquid, gas).
Functional ingredients can rarely be utilized directly in their pure form. Instead, they have
to be incorporated into some form of delivery system. A delivery system must perform a
number of different roles. Firstly, it serves as a vehicle for carrying the functional

ingredient to the desired site of action. Secondly, it may have to protect the functional
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ingredient from chemical degradation (e.g. oxidation) during storage and utilization so that
it remains in its active state. Thirdly, it may have to be capable of controlling the release
of the functional ingredient, e.g., the release rate or the specific environmental conditions
that trigger release (e.g., pH, ionic strength or temperature). Fourthly, it has to be
compatible with the other components in the system. The characteristics of the delivery
system are one of the most important factors influencing the efficacy of functional
ingredients in many industrial products. A wide variety of different types of delivery
system have been developed to encapsulate functional ingredients, including simple
solutions, association colloids, emulsions, biopolymer matrices, etc. Each type of delivery
system has its own specific advantages and disadvantages for encapsulation, protection and
delivery of functional ingredients, as well as in its cost, regulatory status, ease of use,

biodegradability, biocompatibility etc.

III. The Scope and Contents of Research

1. Development of extracting process of the functional ingredients
Material selection
Development of high-efficiency extracting process

O
O
O Maintaining the activity of functional materials
O Optimization of extracting process

O

Analysis of changes in functional ingredients during extracting process

2. Development of Encapsulation of functional materials by Nano—Structured Microparticles
(NSM) system

O Preparation of NSM system

O Analys of changes in physicochemical properties of NSM at different processes

O Encapsulation of functional materials and improvement of encapsulation efficiency

O Stability evaluation during storage

_23_



3. Development of powdered/paste products

O Preparation of powdered/paste products by NSM system

O Improvement of physicochemical properties of powdered/paste products
O Material balance and economical analysis

O Patent and publication

4. Application tests and scale-up plan

O Search for use of high value added functional materials

O Storage induced changes and analysis by processing steps
O Material balance and economical analysis

O Patent and publication

O Additional test for technology transfer and industrialization

IV. Results

1. Development of extraction and stabilization of organo-sulfur compounds

1) Analysis of organo—sulfur compounds

Three types of organo—sulfur compounds, such as alliin, S—allylcysteine, allicin were
analyzed, in which methanol, acetone, ethanol, and deionized water were used as extracting
solvents.

Alliin contents increased when DW and methanol were used as extracting solvents,
while S-allylcysteine contents increased as DW decreased. When it comes to acetone as an
extracting solvent, alliin content decreased as acetone increased. Higher content of alliin
was obtained in ethanol than in acetone.

In order to optimize extracting efficiency, 3 types of conditions, such as, time (2, 3,
and 4 hours), solvent type and ratio, temperature (60, 70, and 80C) were used as
extracting parameters. There were few differences in alliin contents regardless of
temperature and time, except for 1009 ethanol condition, in which alliin content decreased

rapidly. The largest amount of SAC was extracted at 70% ethanol concentrations.
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2) Physiological evaluation of garlic extracts

Garlic extracts showed antimicrobial activities against Staphylococcus aureus,
Escherichia coli, Salmonella typhimurium, Listeria monocytogenes.

Electron donating ability increased as methanol concentration, while the highest
activity were shown at 509 acetone concentration. As extracting temperature increased,
EDA value decreased, while there were no differences in EDA value with extracting times.
In order to inhibit the allinase activity, garlic was boiled, in which higher activities were
shown at higher temperatures.

SOD-like activities increased as DW content increased when methanol and acetone
were used as extracting solvents. Ethanol extracts produced lower SOD-like activities at &
0C than other temperatures, in which activities increased as extracting time increased,
indicating more than 3 hours are required in order to produce the optimum SOD-like
activities.

Total polyphenol content increased as methanol and acetone content increased. In case
of ethanol extracts, the higher the extracting temperature and the higher ethanol content,
total polyphenol content increased.

The nitrite scavenging ability was pH-dependant, highest at pH 1.2, and lowest at pH
6.0, and boiled garlic showed lower nitrite scavenging ability than non-boiled garlic.

There were no significant differences in ACE-inhibition rate with ethanol content and
the lowest rate were shown at 50% ethanol extracts.

Boiled garlic showed lower FRAP value than non-boiled garlic, and it decreased as

ethanol content increased.

2. Development of Encapsulation of functional materials by NSM system

1) Optimization of processing parameters in NSM system

O Preparation of O/W emulsion using chitosan solution

Puluronic F-68 and Tween 80 were used as emulsion stahilizers. Pluroni F-68

produced unstable emulsions, while Tween 80 produced stable emulsions.
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O Preparatioin of Multi-layered emulsion (W/O/W)

In order to prepare w/o/w multi-layered emulsions, alginate solution was used as
inner wall materials, and (-carrageenan, 196 k—carrageenan, 1% A-carrageenan, 1% alginate,
196 gum, and 1% WPI were used as outer wall materials, in which there were no phase

separation and droplet particles size was 1-3 um.

O Preparation of O/W/W emulsion using pectin and B-lactoglobulin

The ratio of pectin:B-lactoglobulin were 1 : 9 and 1 : 50, in which lower mean
particle sized emulsions were prepared at higher pH. As concentration of pectin increased,

mean particle size of emulsion increased and showed negative value of zeta potential.

2) Preparation of O/W emulsion by homogenization

O Effect of processing parameters on the characteristics of emulsions

In case of aqueous phase emulsion stabilizer, Span 20 produced low mean particle
sized emulsion when 2% gelatin solution was used as an aqueous phase emulsion
stabilizer. There were no differences in mean size when using Tween 80 and Tween 20 as
aqueous phase emulsion stabilizers. The lowest mean sized emulsions were obtained when
pluronic F-68 was used as an aqueous phase emulsion stabilizer.

In case of oil phase, when corn oil was used, the lowest mean particle sized
emulsions were obtained.

In case of oil phase emulsion stabilizers, PGMS produced the lowest mean particle
sized emulsions.

In case of o/w emulsion prepared by PGMS and PGPR as emulsion stabilizers, as w
(frequency) increased, G’ and G'’ increased and higher G’ values were obtained than G'’

at higher frequency, indicating viscous properties of emulsions.
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3) Preparation of O/W emulsion by high-pressure homogenization

O Effect of processing parameters on the characteristics of emulsions

High-—pressure homigenization produced much lower sized emulsions than conventional
homogenization system. High-pressure homogenized O/W emulsions prepared by Tween 80
and lecithin as emulsion stabilizers, mean size decreased as emulsion stabilizer content
increased and oil content decreased.

O/W emulsion prepared by high pressure homogenization (300 bar) showed viscous
property in broader frequency range than that prepared by conventional homogenization
process. Emulsions were also frequency-dependant, in which as frequency increased, G’

and G” increased.

4) Chitosan/alginate-induced emulsions

O O/W emulsion using chitosan

Chitosan emulsions showed high zeta potential regardless of pH, and O : W ratio had

an effect on the mean size of the emulsions.

O O/W/W emulsion using chitosan and alginate

Oil in water in water emulsions prepared with chitosan and alginate as wall

materials, were also affected by concentration of emulsion stabilizer, in which negative zeta

potentials were obtained, due to the negative charge of alginate solution.

2) Encapsulation of functional materials

O Chitosan—"TPP nanoparticles

High encapsulation efficiency (above 80%) was obtained using chitosan-TPP

nanoparticles, in which dichloromethane was used as dispersed phase solvents. When TPP
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content was varied, much higher encapsulation efficiencies (90%) were obtained.

Chitosan—-TPP nanoparticles showed Fickian diffusion in release profiles.

O Alliin-loaded PCL nanoparticles

In case of poly (e-caprolactone) nanoparticles, as molecular weight increased, mean
particle size and encapsulation efficiency increased. When dichloromethane was used as
dispersed phase solvents, mean particles size was higher than those of ethanol and acetone,
and the highest encapsulation efficiency was obtained with dichloromethane.

In release profile, the lower the molecular weight of PCL, release rate was much

rapid than that of higher molecular weight.

3. Evaluation system for functionality of NSM system

1) High—pressure homogenization

There were few changes in mean particles size of O/W emulsion prepared with 1%
and 2% of Tween 80 solution as emulsion stabilizer during 23 days of storage, in which
oil content has few effect on the stability of emulsions. When lecithin was added to Tween

80 solution as an emulsion stabilizer, stability increased.

2) Storage at ambient temperature

PGMS and PGPR produced O/W emulsion with high stability, in which there were no
phase separation with PGMS, while phase separation was recognized in 2 weeks of storage

at ambient temperature.

3) Storage at cold temperature

PGMS and PGPR produced O/W emulsion with high stability, in which there were no

phase separation in both emulsion stabilizers during 1 month of storage at cold
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temperature, while mean particle size slightly increased with PGMS. When PGMS was

used above 195, emulsion stability was improved highly.

4) Freeze/Thawing test

In case of PGMS, there were no phase separation were shown with 3 cycles of
freeze/thawing. However, there were phase separation with PGPR as emulsion stabilizer,

indicating PGMS is optimum emulsion stabilizer.

5) Chitosan Emulsion

When chitosan was used as wall materials, stability of O/W emulsion was maintained
during storage of 10 days at ambient and cold temperatures. In addition, o:'w ratio had no
effect on the stability of emulsions.

In case of W/W/O/W emulsions prepared with 0.5% chitosan and 2% PGPR using
homogenization, mean particles size were around 3-4 um regardless of storage
temperatures. Zeta potential of W/W/O/W emulsions were decreased during storage at 4

0cC.

6) Alginate emulsion

Oil in water in water emulsion was prepared with chitosan and alginate as wall
materials, in which negative zeta potential values (=20 mV) were obtained due to the
negative charge of alginate solution. In comparison with chitosan emulsion, viscosity
increased largely.

In case of W/W/O/W emulsions prepared with 0.5% algiante and 2% PGPR using

homogenization, phase was separated during storage at higher temperature.

7) Storage stability of emulsion containing garlic extracts

Electron donating ability of emulsion was measured, in which the higher the ethanol

concentration, the higher EDA values were obtained. During storage, EDA values decreased

_29_



rapidly at 40TC. However, in case of emulsions prepared using high-pressure
homogenization, there were few differences in EDA values during storage regardless of the

concentration of garlic extracts.

V. Application of the Results and Future Plan

1. Application of the Results

O Patent

— Chitosan-TPP nanoparticle and Process for preparing the same (10-2010-0054787,
2010.06.10)

- Composition for maintaining antioxidant activity and method of manufacturing the same
(10-2011-0031834, 2011.04.06)

O Publication

— Preparation of Acetylated Chitosan sponges, Journal of Applied Polymer Science, 117,
1618-1623 (2010)

2. Future Plan

O Patent and Publication

O Additional test for technology transfer and industrialization
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H 3% d/E A8 X 2ot

7}. Organo—sulfur compounds® 5% % <¢HA3} 7|& 7%

(1) HPLCE o]£-3F organo-sulfur compounds (Alliin, SAC, Allicin)¢] ¥4

w5 FEE $9 organo-sulfur compounds® FA B4 s Algd 77 Jasco
(Tokyo, Japan) HPLC®Z degasser’} “AvW]¥ PU-2089 Plus gradient pump, AS-2075 Plus
autosampler, 23 3. UV-2075 Plus UV-vis detector® 7%}, 4 AHL YMC-Pack
Pro Cizs (46 x 150 mm id., 5 um, YMC Co., Ltd., Kyoto, Japan)& AF&3}9a, A EFY &
20 ul, F52 06 mL/min, 2<%+ 30C, AYHAAEF7] F3974S 208 nm=E A3t +
A3lAY}. ol s o E2E (A) 20 mM sodium dihydrogenphosphate + 10 mM heptanesulfonic
acid, pH 2.1 (85% orthophosporic acid® Z%)3} (B) acetonitrile - 20 mM sodium
dihydrogen- phosphate + 10 mM heptanesulfonic acid, pH 2.1 (50:50, v/v)& Z&3 A&7 =

gr)ete] AbE3aL, 718 7] 87 (gradient system)g ©]-&3te] A& ATHE 1)
2) vks W A& 40 0E FE2i 24

BoAdgo] AMESE = Gram FA T T Listeria monocytogenes$t  Staphylococcus
Es

aureus s, Gram <A 5 Escherichia coli®t Salmonella typhimuriumE 332 3E ¢ -9 o] A



!
A 29 dteaA L Paper disk agar diffusion method (Yoo et al, 2005)E $-&3o] =
At =, FA APdE HanA s e ASHAE ddd Ve§& wAEA petri
disholl 15 mLA #53F $3A1ZIth 2 & o] 5 1 mL (37T nutritent brothell A 24A] ¢

Z&& wl® (18% nutrient agar) 10 mLE & &3 2S& 124 o
AL =X3 5 SaAA o]Fo o JFT FIAE Wso] ARESATE 28al A RE A
2 8 mme E+H filter paper disc (Advantec, Yoyo Roshi Co., Japan)ol] 50 ulL® &A%l

5 37TColA 24-48A77F w<F vjkale] disc FH Y clear zone? A4 (mm)S A3

# 1. HPLC A|&="19] o] & x4

Composition of mobile phase (26)

Time(min)
A B

0 100 0
5 70 30
25 46 o4
26 0 100
28 0 100
30 100 0
40 100 0

A: 20 mM sodium dihydrogenphosphate + 10 mM heptanesulfonic acid, pH 2.1 (adjusted
with orthophosporic acid 85%)

B: acetonitrile - 20 mM sodium dihydrogenphosphate + 10 mM heptanesulfonic acid, pH 2.1

(50 : 50, v/v)

(W} AAE-9l % (Electron Donating Abilities, EDA)

AAgol s Blois MS (1958)¢] WHe  ol&ste] AAe FEE dHE aa
~diphenyl-picrylhydrazyl (DPPH)9] AA3o &3z 7+ A2 $YaS A3} 4x10™
M DPPH &< 0.8 mLel| °l€& 3-4 mL& 7letol F3% gl 0.95-0.997F HEs o ghed
F& AU 7 g FFE 0.2 mLol 4x10° M DPPH £ (99.9% EtOHel £3]) 0.8 mL

§:}L

2 78l Eoo] B} 1 mLe] HEE 3 & 12000 mpmolA 18 o QAR 3 e

B33 A (V-570, Jasco, Japan)E AF&3}e] 525 nmolA &3 E=E =4 3AH

- 44 -



(th) Superoxide Dismutase (SOD) A} €4
SOD fAF 248 Marklund & Marklund (1974)¢] ®W-8- o] &3l AU =, 2

7 H=3 3 tris—HCl buffer (50 mM tris[hydroxymethyl]amino- methane + 10

mlo

FE2E
mM EDTA, pH 85)% o]&3le] pH 852 %49 A5d4S wEdnh 24 A8 0.2 mLol pH
5% HAS tris—-HCl buffer (50 mM tris[hydroxymethyl]l amino-methane + 10 mM EDTA,
pH 85) 3 mL% 7.2 mM pyrogallol 0.2 mLE 7}l 25CelA] 1087 X34tk 1 N HCI

0.2 mLE W28 AX A7l & dg}o]l#] (spectramax M2, Molecular Devices, USA)E o] &3}

o] 420 nmolA el FHEE FAIA AFE H7F 9 ¥ HIF1e FHE xolE HWEEE U
ER STt
SOD-like activity (%) B];A x 100

T s dEe 2= ] AMEE AL 9l Folins-Denis Wo=2 43}
At &, A& 05 mLol 1 N Folin reagent 0.5 mL$ 7}3F & 38-3F AX 3 tfs 2% NaCOs
|HE Thsiadth o] EFs 1A E b AA F F ERFEA (UV/VIS spectrometer,
Jasco, Japan)ZE AFg&3te] 750 nmol A FFEE =AS}aL tannic acidE o] &3] A TF

FHonvy 5 Feldls FUe TaA

olA A 47 ZF8LS Gray & Dugan (1975)¢] 4H

mlo

2

Oko

olt

—|~

_&

Jl}lv

oéi

olt
—|~
§R

o &, 1 mM
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=

SJAMUEF &4 1 mLoll 479 FEHES 2 mLE 7hskal of7]¢] 01 N HCl (pH 1.2) %

7 mL 7F8te] whg-gehe] pHE A4 1.2, 3.0, 42 H
6.00.2 Braal vkEgof el BulE 10 mLE 331t o]& 37Tl 1AIZF &tk w7l v
HES-oBS 1 mlA FH3ar o 7)o 2% ZAF 5 mlL, Griess A¢F (acetic acidel] 1% sulfanylic
acid®} 1% naphthylamine-s 1:1 U&= E313F Aoz ALEA AN AX) 04 mLE 713t #
SN A 1557 HAoA] WA A7l & dE}o]lA (spectramax M2, Molecular Devices, USA)
E AFE3te] 520 nmellA] FEEE FAstY AESE obHAAA S Ikt 2ea gixT
Griess Alof WAl F/#5 04 mLE 7tste] 79t dakA Aot obdqke] Are2

FZo H7F A5e) opde wEe (%)= RV

i
ol

B-(A-C)

B x 100

Nitrite scavenging ability (%) =

(v} Angiotensin Converting Enzyme (ACE) A& &4

ACE A& &3} Chushman & Cheung (1973)¢] HHS o] &3l =A3 5t = A=
of 50 ulel 450 mM NaCl&- 3H-3F+= 100 mM sodium borate buffer (pH 8.3) 100 uLE 7}
33, 5 mM hippuryl-histidyl-leucine (300 mM NaCls &3 100 mM sodium borate
buffer(pH 83)e &3l) 50 uLE 7}k & 37CelA 1083 v ¥gAIHT o] ¥k&do] ACE
ZE 249 50 uLEs 7Fste] 37CelA 3083t wkEA1zl 5 1.75 N HCI 100 uLE 7}ste] whe-&
A A ZATE o 7]l ethyl acetate 1 mLE 7}38to] & & 58 1 mLE F3dkaL 100CalA 1
AN7bE AxAZ = SR/ 1 mLE 7heke] A A +33 54 (V-570, Jasco, Japan)E
AbE3te] 228 nmolA FHE=E SASST
T 50 uLE 7heklal, dixs= 175 N HCl 100 uLs 7+t
0 uLE 7 Fete] whgAIF U
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ACE inhibition rate (%) = % x 100

(A}) Ferric reducing ability of plasma (FRAP) assay
A7 2] FRAP assayy Benzie & Strain (1996)¢] HH-& o]&3le] A3tk 300 mM

Acetate buffer 25 mL, TPTZ 25 mL% 20 mM FeCls - H:O 25 mLE 10 : 1 : 19 H&=
33kl FRAP reagent (WFR)E A Zx3k3ith 37TColA 3 mL WFRE #H3ke] 593 nmel Al

WFR &9 100 uLAI R, 300 uL $H5E5 £33 4870 W-$A AT
FeSOy - TH:0 (100-1000 uM)

blank #& =43 ¥

Hhg T8 5 593 nmoll A §FFEE SASNOH, ETEdET
& A3k
t}. NSM systemol] 293 fFaAdR ¥4 7| A
(1) &4 W wE NSM system®] H4 =74 =&
hH O/W &9 Ax
@ Chitosan &9 A%
kS Ff+ CJ] AldA

Chitosan, lactic acid, Tween 80, pluronic F-68-2 Sigma A
F(F)E vtEAA FYste] A& 1% lactic acid &94-8 A3 & of7|o] chitosans

A7}k chitosan £ (0.1-0.5%)°] %5 A zxdv}y. 1 v 2%, 4%, 6%2] Tween 803}

pluronic F-68% YL 1At &¢F &3A171 & 59 chitosan £ 1 : 20, 5 20 (w/w)

o] v &7 =23sle] AV E ol 3ol AXdAT (15000 rpm, 1-2 min).

_47_



() W/O/W &9 Alzx

@ Alginate &9 Ax=

Alginate, Span 80, Tween 80, gum arabic Sigma A|¢FS AR89 3, Whey protein
isolate (MILEI, Germany), Ll—carrageenan, K-carrageenan, A—carrageenan<- Korea
Carragheen Co., LTD Al ¢f& AR&3Fivt. dFfre C] AIQA(F) AFe vrEA 943t
o] Ab23F9ITh 05-2% alginateE A ZF3Fal, span 802 1% 57} 5% thFfo @o] Ax
3 & 05-2% alginate 1 gol W5 (1% span 80) 100 g2 A3 AzIvk (10,000-12,000
mm, 5 min). 2 g TFAI Azl W/O oHH 1 mlell -carrageenan, 19 k-carrageenan,
196 A-carrageenan, 1% alginate, 1% gum, 1% WPI 50 goll ZZe] A& 1% Tween 0=
Q3 wAskA 71T (10,000-12,000 rpm, 5 min).

(th O/W/W &2 47

Ao

=

@D Pectin & A%

ob B-lactoglobulin®] ©]-&

B-lactoglobulin, pectin, sodium dihydrogen phosphate: Sigma A|F&, W+ CJ
ALAF(F)E vlEA G935t ALE3IATE. 5 mM phosphate buffer (pH 3.0, 4.5, 7.0)&
Az £ 7bzre] pll &ehol 001, 0.02, 0.04, 007, 0.1% (v/v) pecting 77} A%38k3, 5 mM
phosphate buffer (pH 3.0, 4.5, 7.0)ll B-lactoglobulin &3 A1 21t} (0.5%, w/v). L th& o5+
o} 7}7ke] 0.5% B-lactoglobulin &< (pH 3.0, 45, 7.00& 1 : 9, 1 : 509 v &2 FZFA| 7] 3L
(12,000 rpm, 4-5min), waterbathol A 7F2 A2l 30} (80T, 20 min). A3k A7 Glol 001,
002, 0.04, 007, 0.19% (v/v) pectin® 1: 99+ 1 : 50 W2 @3 #4821} (12000 rpm,
4-5 min).

& Gelatine] o] &
Gelatin, pectin, sodium dihydrogen phosphatex Sigma A] %S A}
C] ALAZFE vlEIAA FYste] AE3H Y. 5 mM phosphate buffer (pH 3.0,

5 Alxs = 74z pH &0l 0, 0.01, 0.02, 0.04, 0.07, 0.1% (v/v) pecting 77} A Z3}aL

ofo
o
L

2

5 mM phosphate buffer (pH 3.0, 45, 7.0)°l gelatine &3 A 71t} (05%, w/v). 2L 5 5
o} Z+7ko] 0.5% gelatin €< (pH 3.0, 45, 7002 1 : 509 v &= #ASIA 7|30 (12,000 rpm,
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5 min), waterbatholl A 7} 23t} (0T, 20 min). w23} Azl &< 0, 0.01, 0.02, 0.04,
0.07, 0.1% (v/v) pectine 1 : 509 v]&= Y1 208 F<F &3alv}

(2}) Microemulsion Al

Gelatin, pluronic F-682 Sigma A2 AFE3F3 3, Tween 20, Tween &0, Span 20,
lecithin®- Junsei A|°F& AMESIATE S dlagel AAAANA U2 AFS Fiste] A
Gt o, XM, JhEare BAdA U AEs vtECA Tt ARES T EO
(Ethyl oleate)= Wako, IPM (Isopropyl muyristate)< Dae Jung A2 A3 TE 29%
gelatin®} pluronic F-68% W& 3 2% gelatin® pluronic F-68-2 Z}7Fe] 0.3% Tween 80,
Tween 20, Span 209 W]g&=Z 4
Surfactant : Oil9] H]E&& 10 : 5 : 13 10 : 1 : 0.32 &3t # A7 E o] &3t A Zx£3AT
(10,000 rpm, 2min).

Y= 3 50T waterbatholl A ®x3kt}. Aqueous phase :

(v}) Chitosan¥} alginateE ©] 83+ o &

.

A Z

D Chitosans ©| &3 O/W oA AZx

e,

Chitosan<- Sigma A& AF£3}% 3L, PGMS (Propylene glycol monostearate)i= <41
oA ke AREEI oW, SFEFae FAYAA U2 AFES vHECdA FYste] ARES)
Atk PGMSE &9 (05, 1, 2%)2 AlF3t92m, chitosane ¥% (0.1, 0.5, 199} pH (2.0,
3.0, 4002 2g3Fo] Az e 27 Oil : Aqueous phased] H]&S 1 :10, 3: 1002 AXx
3ol 12,000 rpmell A 183F wdskst o 239 AV E o] &3lo] A XFH T (300 bar, 2

o

cycle).

@ Chitosan¥} alginateZ ©]-&3 O/W/W o284 Az

Chitosan¥}  alginate= Sigma Al°fS AFE3A 3, PGMS  (Propylene glycol
monostearate)= YA Do A Fufsio] AMEE oM, SEFaE FAYAA U2 AlEe vt
EA] G945t ARESIAT. PGMSE 59 (05, 1, 2%)2 A X3 2™, chitosans %
(0.1, 0.5, 1% pH (2.0, 3.0, 4.0)5 23] A3 v} ZH2F Oil :© Aqueous phase®] W&
S 1:10, 3: 1022 AZX3AT. Alginate™ % (0.1, 05, 1, 220)E 2|3t A3 o
Oil : Aqueous phase (chitosan)®} Aqueous phase (alginate)®] W& 1 : 28 A %39
12,000 rpmeoll A 183F #2383 & 239k #AV)E o] &3t A x3A Tt (300 bar, 2 cycle).

_49_



D Chitosan—-TPP &A1 A=

¢b Chitosan % TPP &9 A%
Chitosan® 4-% 1% lactic acidE Tl =<9 HA 1% %7} ¥ =% chitosans 7]

=
A w7 E o] &3le] Helth TPPY A% 4 mg/mlo] HEE 5o XA Az

@ Chitosan-TPP ©A42] A%
oA AzH chitosan & (1%)3 TPP (4 mg/ml) &< 712 n]Lo] 20 : 4, 20 :
8 20 : 12 =& F3lo] TPP &S chitosan &0 3087 A4 wyks WA Po]F

o] wj WAL= &3l & Zo] chitosan-TPP Wx3E] ot}

@ Chitosan® TPPE o] &3 x=gdA A=
Chitosan¥} TPP+= Sigma A ¢F& AF8319 3L, lactic acide Junsei A ¢FS AR89 TR
ZIEARS F& (0.5 1.0, 15 20, 25 mg/mbL)¢ &7 (low, medium, high)E €&l3le] 05
mg/mL TPP &7} 3: 19 8]&=2 AlZ3te] 500 rpmol Al 3027 wwkAlA A z5k3l )

ah-1

S-Allylcysteine

(Dichloromethane) Tripolyphosphate

(TPP) solution

Homogenization

{15,000rpm, 1min)

Chitosan solution O/W emulsion

Constant stirring

Solvent evaporation

S-Allylcysteine loaded chitosan nanoparticle

219 1. S-Allyleysteine & 7] EAF @A) A%
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@& &= AY
S-Allyleysteine©] EA ¥ chitosan-TPP Y=g A dA S &% mediad] Lol &%
Al @A (vision elite 8, Hanson, USA)E o] &3lo] Al7bel we}l A7 AHE 3+ & HPLC
(Jasco, Tokyo, Japan)& °©]&3lo] allin =S 433

1.2), PBS buffer (pH 7.4)& ©o|&3tH o, &%= 37C, wH

() g aH el 93k Poly (e-caprolactone) (PCL) Ux=wA9 Alx 2 &5 A3

@O PCL Y=iabe] Az
BApako] ZFzZE 10,000, 65,000, 80,000¢1 PCLS 27 0.5 g& Dichloromethane (DCM) 4
mlel] =<1t} o] arE-AF &4l alliin solution (25 mg/ml Allin + 1 ml D.W + 1 ml EtOH)-S
05 ml ¥ FE3 Atk 2 % 2% Tween 80 §4S Axdo] nEA 2 allin &9 :
Tween 80 &4e] Hl&o] 1 : 200 HEE ¥ th& 15000 rpme = 173k 253 5 1

oluf WAE= B3 E#o] alliin-loaded PCL =3

@ Alliin-loaded PCL Y=Y A9 &FAF

Alliine] ¥3¥ PCL Yx=YA dAFS 8= mediadl 2o A gA (vision elite

8, Hanson, USA)E o] &3] Al7bo] wa} A& AFHZ 3 & HPLC (Jasco, Tokyo, Japan)Z
m

o] &3te] alliin ¢S SAHEAY. &% mediarx HCI solution (pH 1.2), PBS buffer (pH 7.4)

& olga o, &xe 37T, wukEnE 100 rpme FA 3Fdvh
. FE8AE I NSM system? 7]5A H7F A 2€ 7
(1) 23w 7]o] 23 O/W emulsion A%

(7}F) Tween 803} lecithin ©] &

Tween &0, lecithin Junsei A& AF&3FA 3L, ST

iy
o
ol
e
2
X
<
rlo
2
lid
o
=
ash

Eo A F-dste] AME3FATE. Tween 8000 lecithing 0.3%9] W] &= T
phase : Surfactant : Oil®] W] &S 10:1:1,10:1:3,10:2:3,10: 20 1& AZx3 v&
12,000 rpmol| A 1#3F #4383 & 2319 &7 E o] £3to] Ax3A T} (300 bar).

_51_



(W) PGMS$H PGPR ©] &

PGMS (Propylene glycol monostearate)$t PGPR (Polyglycerol polyricinoleate) <41
Ao A ufsto] AMESFAAL, SFFRE A DANA U2 AFE vrEA FYste] ALES}
At PGMS$ PGPRS 77} Aqueous phase @ Surfactant @ Oil9] ¥]&5 10 : 0.05 : 1, 10 :
01:1,10:02:1,10:02:05 10:02: 3, 10: 02 : 52 A=x3 s 12,000 rpmel A
1

AT

i
o

5 239t #2478 olgad AxAAT (300 bar).

ri

(2) vhs FEFES o8 O/W/W odAd Ax
PGPR (Polyglycerol polyricinoleate)= LAl Do A Fufsle] AFE3} AL
HAAAYolA U AFE vlEA G935t AFE3HTE Surfactant @ Oilg 0.2
Azxsto vies FEE 10 109 H&2 A2 £ 10,000 rpmol A 18 &< #2dE A7 o
£ Aqueous phase®t 1 : 109 v &E A X3 12,000 rpmol A 18 S¢t #2333 & st

T2 71E ol&3ste] Axet3vt (300 bar, 5 cycle).

(3) vt FEES o83 WW/O/W oEA Ax

Chitosan¥} alginatet™ Sigma *] 92 AF&3}91 20, PGPR(Polyglycerol polyricinoleate)<-
Al A zo| A Fufste] ARGl SEFFE A LANAN U AES vFEAA Fdske] AL
&3k
A

QY

.

kel
T

o

Ol

CESFEEY 479 05% chitosandt 0.5% alginateE 1 @ 19 W &= ¥€e & wyl

o

£ Surfactant @ Oil& 0.2 @ 19 ¥]& =2 A Z3 10,000 rpmol A 18 St #A3} A

N

% Aqueous phase®t 1 : 109 H]|&E AX3 v} 12,000 rpmol A 28 SOt +F

st A7) E ol&ake] Axsk3ivt (300 bar, 5 cycle).

po M
i
)

o

(4) oA AA7]7k
o Aol 7|7k

= 2 40C)e Eefste] LAV EE ARt dx, AR e FA43HAT
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Z}. NSM systemeol] 293 faAdHE 4

4 A EAL 20CE A& % rheometer (AP1000, TA Instruments, New Castle, DE,
USA)E] plate-plate system (H7: 4 cm, F4: 500 m)e ©]&3Fe] 3% strainolA &
(frequency, ©) 1-10 HzW A A 4 E (storage modulus, G'), £ ®BAHE (loss

modulus, G"), ¥4 A% (complex viscosity, n*) 2 tan § 5 =439tk

(4) pH =4
pH meter (520A, Orion, USA)E ©| &3}y pHE =433t

B) FAAAAR A (SEM) #zh
FAFE A H) A (Scanning eletron microscope, SEM, S-2380N, Hitachi Ltd., Japan)2 &

#23v}

(6) Atomic Force Microscopy (AFM)ol| 2|3l v}
XE-150 (PSIA, Korea)& ©]-&3t vxuy 29 W& @3ttt
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A2 A g

1. Organo—sulfur compounds® F& % <A} 7] /%

7). ehze] Ae
o) A9 AARE o4olA AxT Bohse st W, A3 Be| ¥4 A

T Addste] oj5 o] dPdAgrE AREEY (1™ 2).

P

" 2. vhE AR

vhEe R i 29 Zdew, o Axd viee Ay FEEH

s}

o] °F 42%% }

4
ML
R
i
R

vhs 41.84

. vl o B B4
s g Aeas 2
Sgen, 3717 w44 o

3 A= 29 49k 2ok

o
N
A
rx
o
L
ful
=
32
o
A
u
juit)
X
[62]

g
@)

=
ot
oty
s
il
lo
B
i

o
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700,000
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50,0003
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my

Allin

SAC

Allicin

Standards

R ok

19 3. alliin, S-allylcysteine

2 allicin®] &

1,250,000
1,000,003
450,000
500,000
£50,000
00,0001
TE0,000
700,000
BE0,000
£00,000
£50,000
500,000
450,000
400000
350,000
00,000
250,000
200,000
150,000
100,000
20,000

/50,000

Allin

b ol

SAC

Allicin

1Y 4. Sample W #33HEeo 4
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2 ol BFHAAN HZol= viso] FeAE, dAE AFAAAE, FEAE T A 4
A o838 7|eA AF B YokE dBEEE AMRHI A (Lee et al, 2007). vt=9 FE4
B2 alliing, & Z2AA oln]x=Akel S-ally-L-cysteine sulfoxide@}al <A glow, vl EF
o A FIAHEL vis Ao HIE uf A A AQ] allinase] ¢Jdte] alliino] &34 o
A allicine] vHA] dially thiosulfinate?} dially disulphide @ #59] sulphide® 2 34 o]
dhAE T s B3 Yl (Stoll and Seebeck, 1949).

PukA o 2 alliind allicin® - vt o] EAste izl deledd B4y, SAC

o] A9 wtEo AAY FAH F transglutaminaseo] 93] A HI= E Aot} ol FEAH &

HRA Fzhgol Aar A 2 fde] 7hed Aem e gl

B vtz = alliine] 3o o alliing allicin® ATFEAZA uts o] 55
o] 9J= & A9 allinased] 9 @A allicine® F3]5 3l allicine 3std oz w3 EotAsto z

sl ol s &olatA FalHo|l F HaLHEQ diallyl disulfide® ®Weth Alline o7
WAZE glov EelsteE el allicine =33 HAE ZEal o Ao vis #HAlL= allicinel

71 v AAY Z45 7] dell= HATE 53 AAY A gl /el o]#E ol

B oA AR vl 5F A 11807 e AAYE £ allinaseE B84 3319

x4 F3gE 5 allicing A9 3 allin ¥ S-Allylcysteine (SAC)e] shgahs B4
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o 9 WelAl obvlfe} wh&ate] HdAd EAR 4HZ nitrosamines A 3HA @k (Boo et
al., 2009; Lim et al., 2007). wt&}A
o2 AAY F dv AEFH FALE digk d7r &ds] AP vt Kim & (2002)2
obALkl A% L pHel oE4oly, pHYF WeF

o, ks ol SUME R O ke YAl 3T (Park and Kim, 2009).

(6) Angiotensin Converting Enzyme(ACE) A& &4
ol ¥ wisS 7] A, o TAARE 3 S FEEY (EE) 2AS ZE s

of Az vte FE=¢ ACE Asf &4l gk dab= 19 299 2

140 4 N Ethanol 0%
1 Ethanol 30%
I Ethanol 50%
-~ 120 1 [ Ethanol 70%
°\° I Ethanol 100%
N’
o 100 -+
N
<
P
= 80
)
©
N
©
= 60
-
=
©
= 40
>
20
0

Garlic extract

29 29, a7 A (A $ (B)el ACE Asf &4
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C

N
fo
gg
1©
et

1]t WA= 7] Bel| Al renin—angiotensin system< St Ao| v F A3
S %t} Angiotensin T converting enzyme (ACE)< angiotensin ol 4] angiotensin IIE 34
st whAuE @Ale] #efdtE EAolth Angiotensin I A-T1 =84 ¢ A3Fste] T3}
FWE FHA7|AL FANAES FEAA ¢RAHEY fElE SXAA Zgdoz dY
<

. @A ACE AslEde ACES #4¢ JAFomd 1o 44Aow

B o

0
lo
of\

At 4= Ak (Kim er al., 2008). Angiotensin converting enzyme inhibitori= ¥y¥ha oz
BAZ dEA Qo old T4 FES Fo Ay EolA uid F9o3 Fgs

Bt 71548 7FX a3 9t (Messerli, 1999). o] 83k A RS 8] i3l7] 98] 2

frefsks ACE Asi&dg 7F2 peptide 58 A3t A7 vhgst

olE°] ACE A3l f=Es WAlg & & Aotk

(7) Ferric reducing ability of plasma (FRAP) assay

(71 7] A, 3¢ FRAP assay
nhEg 7] A, Foll FEAAXRE 3 o FEE (dEE) 2AE gdElste] Axd vt

03 2t} Aol depd wpol o], &hA 2

S "yl 93] oxygen radical absorbance capacity (ORAC), trolox-equivalent
antioxidant capacity (TEAC), ferric reducing antioxidant power (FRAP) %3 Z& HWyo g
=455 Jdvt (Kwak et al, 2008). = % Benzie & Strain (1996)] 2J&l 7f¥® FRAP
assay =x7]9l+ TFerric Reducing Ability of Plasma® AWHH AR5 &

Reducing/Antioxidant Power= 817} AAHE AT o] W AH3Y, A& xZo] 7HH3}

of W Ao FolF WHOom A B ol %o Fars B4 B

o
Ao
o
ol
rir
T
)
o

=
o] &7l I E At (deGraft-Johnson et al., 2007). FRAP WS DPPH radical &4
del SARIAE Wt Fol vE AAtst 24 AA Wl DPPH W2 free radicales 23]

=
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yhgo] o8 wglEeltt (Kim et al, 2009). weEbd A8 5o Fg @ils 24 53ty
=43 ol wel AR olatsl bt 5 Atk (Lee et al., 2008).

40
H Ethanol 0%
T 1 Ethanol 30%
B Ethanol 50%
[ 1 Ethanol 70%
g 30 A I Ethanol 100%
=
N’
P}
-
= 20
>
E
m 10 -
0

Garlic extract

29 30. a7 A(A)H F(B)e] FRAP assay

(L) &he viso 2% &o| ulE FRAP assay

g thE FEE (ES)er 2RE gEdte] Axd vis FE
3
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200

Il 0% ethanol 140 4 Il 0% ethanol
[ 30% ethanol [ 30% ethanol
S I 50% ethanol S 120 - I 50% ethanol
E [ 70% ethanol E [ 70% ethanol
S ™1 B 100% ethanol E B 100% ethanol
(=] (=]
— — 100 :[
= =
80 T
E 0. £ T
2 2
= = 07
» »
= =
5] 4 & 404
= %0 j
= =
20 4

o
o
!
|
|
|

60 70 80 60 70 80
Temperature ("C) Temperature ("C)
2hr 3hr
100
Il 0% ethanol
[ 30% ethanol

~ I 50% ethanol

'g 801 [ 70%ethanol

= I 100% ethanol

S 1

-

= T

S

£

A

2

= 97

>

=

[

S

= 201

0 - Ll L
60 70 80
Temperature (‘C)
4 hr
a9 3l 22E gEd g viE FEE29 FRAP assay

FRAP (ferric reducing/antioxidant power) S Hl 4 ZH o Benzie & (1996)¢] <2
gl Mg FRASeE SAHsE WHez w2 pHelA Al 98] ferric
tripyridyltriazine (Fe” ~TPTZ) &7} ferrous tripyridyltriazine (Fe” -TPTZ)Z #9435 = A
& ol&ste A o] WIRLE invod] T4 SN ARREHE Ao ofEt AF A
Ao F}EES vustE dHeolx 98 AFRE 3 ¢l (Fogliano et al., 1999; Rice-evans et

al., 1996; Benzie and Szeto 1999), W2 Aol HZw s it I1Hd olE WHES AFEE}
A 3k ARl me A tEA wESkE Aoz dEA Tk B HdIdA e FE 2R



b F7HESS FRAP @48 A4t o dehgow, ool dgo] 71845 FRAP

249 w3 grashs AoR vehgrh ool AAFolwT F EelsEvhe u dng

(th) &2 vis9 FF A7k & FRAP assay
2 S 47X 3 Ugs FEEY (e 9 AE Gt Axd vis 5
9] FRAP assayol tist ZAa= 19 329 vt FF A7to] F71e4= FRAP &4 7

I
=
adtgon, dlgge) Fael F/1EFE FRAP 94 E3 dase Aom ey

=

200 200
I 0% ethanol I 0% ethanol
[ 30% ethanol [ 30% ethanol
~ I 50% ethanol ~ I 50% ethanol
'é 150 4 [ 70% ethanol 'é 150 4 [ 70% ethanol
B B 100% ethanol B B 100% ethanol
<> <>
- -
= =
é 100 é 100
5] -5 T
= =
p— p—
[ [
> >
g g
S 50 S 50
= =
0- 0- L
2 3 4 2 3 4
Time (hr) Time (hr)
60°C 70°C
200
I 0% ethanol
[ 30% ethanol
~ I 50% ethanol
'é 150 4 [ 70% ethanol
B B 100% ethanol
<>
-
=
é 100
)
=
p—
[
>
g
S 50
=
O |
2 3 4
Time (hr)
80°C

a9 32, AlFe g8dk 4k vhE2] FRAP assay
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2. NSM systemol @3t A% 3 7l 7%

N

Gl

7F A W4 wE NSM systemd] H2& %

(1) Chitosan & A%

(7}) pluronic F-68 ©]&

0.19% chitosan &4} UF/HE o] &3kl Az O/W o BH QoA ARLIA=
pluronic F-689] §&E& &gl Axd & JHYPEE SAS A= a9 3339 2o}

A9 A5 PAFH Holuy ot Fol4-E 7H2 chitin® chitosan< ¢F&2] w
=5 28T F e A AREA B2 AIgAESd Y AgHo gk £3] ofRV]E Ut
A3l 9di= chitosans: £ R o= <le] o 7FA Ve A7I= e Tl TheEl Fmel A
5 EES HAUs € F de FEAGAY Azt vlesivbe RS A Q)

A=A Miyazaki 6= indomethacin¥} hydropapaverine hydrochloride®} & <Ff

+
42

e
iy

(o]
SV s
2
Lo,

i
Lo
P

|
W28 98 chitosang AFE313l (Jang and Nah, 2008), Sawayanagi 5= chitosan}

mannitol s E3ste] HF AAZA Y 7] & FAFSIAY (Sawayanagi er al., 1982). *

=

o &g oy, IHol= v HATA  (microspheres), T HAFE  (microcapsule), olHA
(emulsion), Y= A (nanoparticles) 52 o]&3 A7} F+2 235

Aol YebG vEe}l o], pluronic F-68¢ ¢ =7} =7}g

e
T
AL el dutd o g AgA e A9 HLB value7l o2 4 droplete] 9425 &%

ofgfe] 1¥e AUTHAZA Tween 80& AME3AS W 2 FFo] wE oEAd
droplet®] HirJEE XA Aab= 19 349 2ol Tween 809 -5 olEHS A XA E
A 4 #2772 Aol EAHS AS aYEES W vEE dEstd®E & AolE Ho|A
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Mean particle size (um)

Mean particle size (um)

] 1:20
B 520
4 7] ——
J
3 o
2 -
1 T T
4 6
Pluronic F-68 (%)
218l 33. 0.1% Chitosan &4 ¢] Pluronic F-68 H| &9 u}& 9w =3
5
4 -
3 -
[ |
2 .
1 T T
4 6
Tween 80 (%)
18] 34, 0.5% Chitosan &4 2] Tween 80 H] &9 W& Jx =4
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(2) = W/O/W) olEA A=

(7} Internal aqueous phase®A] alginate &< A%

5t alginate £ A%

rie e
off

b

(ld

i

Au

off

AFo A= U 8 F0= alginate £9-S AR89 3, organic phase® A 1%
span 805 E 3l UTFHE, F FE&H FTOE i-carrageenan (A), 1% x-carrageenan
(B), 1% A-carrageenan (C), 1% alginate (D), 1% gum (E), 1% WPI (F)& o] &3} tv}=ut
S Axd A= 19 359 Erh

Alginatex= gluroinic (G) unit®} manuronic (M) unit® F AE oz o]Fojzxl Zd
polysaccharide?] &A1l dFoz AN Folde] =24 d2d2 M3y Go 74 293
AAHY, alginate®] M/G B], M3 G A&¢ EXE oAwd dxfolA] FEI =k ofF
of upe} gfvial g,

&

calcium chloride& 7}3}<
ofg]ie] v Azt kel dade AFEsIA ded vy E AlxdoF gt 54 @A
o Sl ol# g ARE TMAskr] flal ol FFe #Aue H calcium chloride 9ol
glutaldehyde, iso-propyl alcohol 52| 7tuA|E ARE3H L4712 v A WHES] HiHa
AT,

Inner aqueous phase®A4| alginateE, outer aqueous phase@Z A 652 ALEAE o] &3}

cEThe Axd A, gt B o, BFAR 4% oF 1-3 um FEE e
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Mean particle size (um)

0.5% alginate

outer aqueous phase (%)

Mean particle size (m)

Mean particle size (um)

QOuter aqueous phase (%o)

1% alginate

a9 3B T

gum, F: 19 WPI)

QOuter aqueous phase (%o)

2% alginate

2] 3k alginate & <4 2

(A: 19 ti-carrageenan, B: 1% x—carrageenan, C: 1% A-carrageenan, D: 1% alginate, E: 1%
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@ #Hd3s 55 el alginate £ Alx
olgfe] Y& 29% alginate &8-S A st #A3} £ 23 A= 29 363} 2k

ol dd Ax A #AE £E=ZA4 12000 rpme A

_H
oo

Ol
ol
52
o
ol

hC,)_
10,000 rpmell Hl A 12,000 rpme ARE-3FSE -+ U=7F et HE Ae S 5 AT

Mean particle size (um)
il
Mean particle size (um)
]

QOuter aqueous phase (%o) QOuter aqueous phase (%o)
2% alginate (10,000rpm) 2% alginate (12,000rpm)

2% 36 A £25 &g 2% alginate &4 % A
(A: 1% i-carrageenan, B: 19 k-carrageenan, C: 1% A-carrageenan, D: 1% alginate, E: 1%
gum, F: 1% WPD

(3) B-lactoglobulin®] 23+ O/W/W o83 2] <t4dA =4
@A o] g3k vkt nAdA AlX7])E, AE £, spray-drying Hi= coacervation

ol 7158 FAE Az o]&Ho gkt V& HAdA AxTe A FALS 120-130T
o] o exol gxg FTAY A RA A Ut HiE 4B So] ey wid,
g ooy}, Zh4t

e A% A

4
do

E3] Ao w73 core material®] WS 247

S @ Fo duyel fAEMA (whey protein) 53] B-lactolobulin (B-Lg)< 4
ofm|=4ke] Faglolw, AUt o Z S5t al gelationo]tt emulsion 28 & 31814 754
S AYar 213, GRAS (generally recognized as safe)d}”] wit-o 2o &4 EA g

ot Aol @45+ food ingredients® o] &3 4 U FAALS AUy, F3 @A) F
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A 91 B-lactoglobulin (B-lg)+= lipocalin @ A =4, 7] &2 vitamin D2} retinol <]
o &= omega-3 X HW4FQl DHA (Zimet & Liveney), ¥ 5o /% HA 321349 resveratrol
(Liang %, 2008), =xto] &9 A4 32ks}A] epigallocatechin gallate (EGCG)9} binding &
F dvtar Ba vt (Shpigelman %5, 2009). %3k 3 wwlza = 3¢l a-lactalbumin®=

retinol¥} palmitic acid®} binding 3 4 $)&°] il ¥t (Considine & Flanagan, 2009).

o)

(7} Pectin®} B-lactoglobuling ©]&3% O/W/W &< A=x=
Pectin- Atabutolu} b5 A 2o A dojx| = thst wHo| ~AH7|E T
gRENR F8 Fol2A FolEEFEol=o|t) Pectin Y TUHRES WA S T

S A Al ol A FRAl B kAl = AREEH Y, otk vhd e ASHA], v whAl, 4t

e A4 Vvor FES WA Ho AR dF E o]§ W
ol Zharol A ZaEar 9tk (Kim and Ahn. 2007). 3ol B-lactoglobulin, a-lactalbumin,
bovine serum albumin, immunoglobulin, lactoferrin, transferrin 2 7] 2 o] ®o] 3Ff-29o] 9]
t}. o] FolA B-lactoglobulin (B-Lg)< FA WA oF 50%E AXA| 3l FATELE i
WA e 7-12%% Ax3H= @ Fo|th (Lee and Hong, 2002). B-Lg9 71 SAERE &34,
3, siATA, JAA, AFAY, A dATY, retinoic acid® AdeH ol HiEHIAAL
(Yoon et al, 2001), 53] pH 4-6" A= BFHstar dast Ao] 45 i pH 4

pH 6 o] oA &4l Aol Fdethar Hastdt) (Lee et al, 2008).

@D Pectin®} B-lactoglobulin®] H|& (1 : 9)
Pectin®} B-lactoglobulin (1 : 9)& ©]&3l9 O/W/W o2de #z A3 1y 373
2k B Aol A pH, pectin® & Fol wEkA Axdd O/W/W oldAs dEe At 1
v Foll e ol d A o] s H A Al fAHE s gelskivh
-lactoglobuling 7FEx 2 4, Sl wet O/W/W odEA
A% A= a7l 38, 399 2l 7hE A A @2 AR AT
Y=7F S7Fekalar, 53] pH 7.0 A& A-F pectin F%=7F SR Ao R W e

H
Fazstar =9, A0 ARE SR pH 709 A% AR %e @e vehng

= U
D o

N
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pH 7.0

19 37. Pectin 5% % pHel w& O/W/W oEA (A 0.01%, B: 0.02, C: 0.04%, D: 0.07%,
E: 0.1%)¢] &z AP (O/W/W =1 :9)
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5 5

B oH4s B H45
O pH70 O pH70

~ 4 . ~ 4-

g g *

2 2

) T @

5. + 5. i

= ( i ) @

2 2

E E ¢

g 2 %; a8 27

= =

« «

%) %)

= 1l = 1

O T T T T T O T T T T T
001 002 004 007 0.1 001 002 004 0.07 0.1
Pectin (%) Pectin (%0)
SRR 1A

78 38 %4 pectin €43 7tAHE &, Yol WE B-lactoglobuling ©] &3 O/W/W ol 2

A9 4% =A (pectin - B-lactoglobulin = 1 : 9)

0
B pH45
O pH70
_10-
o)
€
| |
=2 . .
£ 0] N n
=
%]
N
S -30-
=%
<
k]
N “© @ @
@
()
-50 T T T T T
001 0.02 0.04 0.07 01

Pectin (%)

2% 39, 3 pectin €93 7t4dxE 3k B-lactoglobuling ©]&3 O/W/W o E A2 A et

A% =4 (pectin : B-lactoglobulin = 1 : 9)
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@ Pectin®} B-lactoglobulin®] H]& (1 : 50)
Pectin® B-lactoglobulin (1 : 50)& °©]&3to] O/W/W odde] iz Azle 79 409
2},

pH 4.5

pH 7.0

29 40. Pectin % % pHel @& O/W/W o'HA (A 0.01%, B: 0.02, C: 0.04%, D: 0.07%,
E: 0.1%)¢] &z AR (O/W/W = 1 1 50)

Pectin¥} B-lactoglobulin® ®]&o] 1 : 9 A X3 O/W/W odAz} vz7tAz 19 Ayt

Folw ol@de] A ga fAHE AL FAFAL.
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A= 29 419 2k Y SAH 23 199 vEE Axd EArT e PaEdeE
A AetAdfe] Aol 1 - 99 wE= AXT WA HS=3 X5 W9 on pHrf
Fe Aol o 4F AR e
5 0
B oH45 B H45
O pH70 O pH70
~ 4 -10
= -
<2 >
8 g .
.a 3 — 20 .
<
2 {) 2 n n []
£ 2
< 2 S 30 @
2 =% ()
= i % = 0) @
g g 9
= 1] % 0 N o]
0 T T T T T 50 T T T T T
0.01 0.02 0.04 0.07 0.1 0.01 0.02 0.04 0.07 01
Pectin (%) Pectin (%)

g 41, 3 pectin 93 7FE X8 3 B-lactoglobuling ©]-&3 O/W/W ol H A 2]
2 AE A9 =A(pectin : B-lactoglobulin = 1 : 50)

iRy
o

(4}) Pectini} gelatin £ A%
Pectin¥} gelatin-e ©]83lo] Axd ofHdHde dx & AeHHYE FAS A= 19
429} 2},
Gelatine &2 W, A 7l5 5 AxAe Fo dwd AEQ 28l (collagen) 9]
Al JhpEEed o doA= fFEEWAEN F2 O AEe] wwld AZA (gelling
&

agent)= A}

riz

=
a3t el (Clark and Ross—-Murphy 1987). 2|71 A AzA, HSA
(thickening agent) %=i= ¢FA A (stabilising agent) = AF&E 4 A= EZ o RrELE UdH
of £3F= A AEZA (hydrophilic gum substance)9ld] ®FeE[A]l gelatine  tryptophan}
cycstines A9 s Aol eibS B g3tal glo] G4 7EA 7 = (Yoshimura et al,
2000; Poppe 1997). webA] gelatin® A3}A] o]9o|® FHtol= ARAEFORZ7A 1 o] &0
SlEar v 3 gelatine thE @y gy {2 W wolA As A3 F=
#g Al (elly)dl A58 ©@ebdt A #2357 (confectionary)ell ¢ 2= thgs AEFS e

= A4S A AL sl
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QEel A% pectin FEIF HoHAFEE AAAoR S FAE UEgon, A

4910 A9 pectine] H71A5% geo) grom W sl Pectin®l 49 B-Legot AFste] o
_]

N
(S)
o

30

O

w
1
o

Mean particle size (um)
|
|
Zeta potential (mV)

- -10

0 T T T T T
0 0.01 0.02 0.04 0.07 0.1

Pectin (%)

oy 42, 559 pectin 43 /1A X8 e gelating o] &3 O/W/W olEHel g = AE

A% &A (Pectin : B-lactoglobulin = 1 : 50)
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O/W emulsion A%

i

©
gl

(4) Homogenization®l] ¢]

=
L
=
=
-

o T

A=Y
°

=

&}

Jo T 7T T T E i o e
ad} s ) I
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> = == 3o 70 B —_
T Er 5 PP EL AT T s
mo X 5 oo mr = = [E I
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i of N W W = " g <
%P ) ~ & A <
3 = 5 Ho oo ofF W T o o
oy 4r 0 do O ) o 63 3 by o5 u_mv ik JJJ
do H oy o B ¥ Z W N4 Mo Th w2 M w
o o~ 5 M S T — b o] T % w
woEw £ 48 T e L g
oo TR OE O£ 4% T Bl oy o=
S TR T M I AN
~ MW O B B = 2 O : — D 9 = i —
- w It g T R- o N X o of ©°
= X S ot T _— Eo T o— T
R E I o W I T Fon oy
SET gy TEE A o ~ M o5 =
PRE 5T T ETT e xd g TR
=0 Rl S W o= ™ oy - _ T B 2o
<7y n 3 5 o) T X ®e w =5
A Fow g o R T
T T AW s L B b T B O T W o
T CIGE o F = ofp T omo oo o O R
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oo RoE S oy Koo b )
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Toopoa M@ T BRI ns BT o T TS
A= 3 T 7w L ;B g E T T =
) OE Lf ﬂ Mw L E Lf o iy Lf m ol o ) ~
o A B B < S T R e i I
S < B x = W RN g w
K 2 = x P o o W Ho = T _
B 2 E ¥ 8 T 0o T . w0
W o= g E PP YRR E R T MEE S g T
e o TR TR ] o 7% T g o 3
~ . . -~ 0© =) o
- BT W oY T T X Y =oE o gt o
o B BB R E N T to do Mo S

[e]

o}
=
3} A]

=
=3

=

A 27 Al

=1
=

=
T

[e)
aqueous phase?] AW

=

-

1.

2 Jgdig e, Tween 80 ¥
o]

3] oil

=

5

.

o]},
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L=
S aqueous phase® AFg

at7] o

5

o i

9 of

A7 7789 droplet thE-Eo]
271¢] droplet Atele] Gk "ol a5 A1} (coalescence) + droplet Abolo] &

[}

(bridging flocculation)
A2 A Span 202 A}

J

4

-

A ol Al 2% gelatin

[o]
=

13_
A g

@D 2% gelatin & o]&
Tween 20

AL FE



A RS AFE3E A-$HU) oil phase AlAEHAAE FrHE 02 ALEgHo 2 o e obA Aol

10
@ Tweenso
(O Tween 20

’é* 87 V¥ Span 20
3
N’
[}
N 67
7]
)
)
© puy
T 44 @ @ e
)
=3
=
—

0 -

T T T
Corn oil Grape seed oil Canola oil

2% gelatin

219 43. Aqueous phase AlHEAHAZ 2% gelatin & Yo Tween 80, Tween 20 ¥ Span 20

(oil phase AHEAA])S o] &3}l oild] EFE ddle] Ax3 oEde] 9w =4

Gelatine H|w 2 3o Lol =ToAr AAS H

£

"l gHA s 97194 A (thermoreversible gel)S FA 7] A
al, 2000). o193 #A-L A3} (gelation)eti S} e} gF-E o] wulAL P7hapA ol A
Asty = gelatindh= @8] <%7F FUHEel wel Aol P Erh Gelating AP AAHES 4
HEH 71E SAgoA] EFAS coil JHIZ &35 A& gelatine WZhHd whA] 35

U4 (triple helix) 22 HEo} 7FeE 3719 polypeptide AFEZFE PAH ZFe d A 50

3t™, W7he o gelatin 4 A
Z}
2]

7t A3 (cross-linking)S &3 HTA Y (Junction zone or cross-lingking site)S &4 3}

Ha, HEFHo=z 33U networkes ¥AEA @Y (Ledward 2000; Gilsenan and
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Ross—Murphy 2000). ©o]& HIA 9L gelatin A& (chain)7te] =422 o3 orA 3}lw x4t
gelatin A& &A1 7] &% (35-40T)ol A= €A &4E ). gelatineS YREH S =2 gelating]
Age <%, pH, 3EFH AxWH 2 5 5o uet 24 s B A= g

(Wu et al, 2000).

@ 2% pluronic-F68 &< o]&
Aqueous phase® AHEAAZ 2% pluronic-F68S AFE3}al oil 37

gestel Az oA ARE SHF Aaks 1Y 449 2o,

Na
X,
(g
ru (
o,
2
(ld

10

@ Tweensdo
(O Tween 20
8 1 V¥ Span 20

Mean particle size (Lm)

) Y

Corn oil Grape seed oil Canola oil

2% pluronic F-68

¥ 44. Aqueous phase AlHEA AR 29% gelatin 4o Tween 80, Tween 20 ¥ Span 20

(oil phase AHEAA)S o] &3laL oile] TFE E23to] A3 oEde = =4
AHEA A 2 A pluronic F-682 AF2313-S ol organic phase®A 71=8t/4E A&

& 7% Span 200014 7P vhe AEE GERAITL ofH e At AA felA AFT niel 2

o] aqueous phase®] AHZAATES A3 H$ MU oil phase AHEZAE FrlHo=z A}
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Gsto =z ofEdHAe kAol FulE A
Tween 803 37 A& ¢ PVATES AFESH A -Sof nHlgA] <

B33k vp It} (Cohen-Sela et al., 2009).

Oile) F5 2 W& gYsle Axd oBAY] YEE 24 AR 1y 159 )
Oile] €79 O W n&o] WeE Avfol s S4rgs Agsie] 10:5: 19 4% 713 @

< Q=S YERSIY

10

0 - ®

Corn oll Isopropyl Myristate Ethyl Oleate

% 45, Ol &7 2 v&S dEdle Axd oEAe 9= =4 (@, aqueous phase :

surfactant : oil = 10 : 5 : 1, O; aqueous phase : surfactant : oil = 10 : 1 : 0.3)

©,
rE
)

S 2 isopropyl myristatet™ isopropyl alcohol¥} myristic acid 7Fe] ester 23l
A2, iz &4 a3V} FobA cosmetic, topical medicinal preparation

=
of @o] AbgE I v} o]AZzF wgAHo|E (Isopropyl Myristate)® vlg]AgAaks} o] &
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PGMS3= Propylene glycol monostearate®] FAZ A ZA7A R 2% Fo| AASAHAZ
ol Ao A aAGE otk oFRke] Eo| A FX|NE @] Folv] A d g A H
= ARgEth A 3t MEAR o d e AW 3 ARES 2R FolAe AEH
7He=Z wirbel ol Aola fEY, ofoll], o] AE Fo AMEdt: (Processing fruits :
science and technology. Diane M. Barratt).

oldA 7we A HPAE FTol HMATE VEEA, sEFEAAE Es/ENE
Algstes AEHY 4y FF5 87 9% WHeR A a v y-E9 4%
lecithin/hydrogenated lecithing AlH&AA A2 A3 7|24 Azx WHS Yo oo g

g Afstales Ao Fdsttt (Kim and Park, 2002).

(h =4 &4

s
offl
2

2
)
i

2,

O AREAA (PGMS % PGPR)S] ] &l ut
AP A=A PGMSeF PGPR-S of-&3tal 21 $hes WEA A Axd O/W ol dHd e
4% Ak a8 47, 489 2o,

G #e A Aoy &4 SAY At HY, W g oA SA8e vER AL,
Hhdo] G g2 A HeY A FAH Y AxE Hy, Ml gk &4 Ay E on v
(Choi and Yoo, 2007). w (frequency) #t°l <7}&FE G G'o] F7Fstal glof 7 F349
o)EAel AL A F AUk 2elar YA frequency ©l4Fe] FellA = Grol Groll Ml EfA
AN =2 3 UEdio] oldde A4 dde veiiva & 5 Qv

PGPR-& Polyglycerol Polyricinoleate®] °FAFZ water—in-oil o|@A3ko] 7} 733 3
o) Aol v FEACI A=A ode) 30 MEC PGPRY 4 FRE& Fr)Ehs
o] 70 HEVE e its= As Jheshal @ o] YT Hitel PGPRE 4 EAY
Zelolt} Aunl So §831A 2ol Yt} (Wilson et al, 1998).
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0:W=1:10 0:W=3:10

0.1% chitosan 0.5% chitosan 1% chitosan

18 58, PGMS% chitosan® ¥l &S g8ste] 2agd 727 E o]&3 O/W ogd (pH 2.0)

o mw B AR

- 116 -
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_>|i
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3

Dad
=
R

29 89. 1% chitosan3} TPPE o] &3l %9

BN
g
ofo
e
>
o

(2) Chitosan-TPP ©A412] A

(7} ¥& 2 (Wall material) 24] chitosan?] ©] &
Chitosans ®EHAZ o] &3t FHAE Axd $ 2 YAE AFMO=Z @23 AbRE 1
H 90l eRH AT
Chitosan= tAe] dFoz Auv A% ¢ AR Z57e 4923y g F
=

d HAXFEASY chitin®. 2 A ®E F Stk Chitine A7 A AEZ 2 vhgo

¥

A, w59 s AR, 7ed HHAE,

AA] = FwEol2e =24 sol A&k B2 =¥E 7ok (Lee et al, 2005).

&3
oo

Chitosan=> tHd&efel =ow sheba Walo] 83 WA otvwr|E 7FHaL 9o o

a, o weH A3 29 & 9R 2, A

B
AR &2, aga et E4d 5o ugd AYgAes A o (keda et al, 1993
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Muzzarelli et al, 1987). 3] F7 M)

ol
ol
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T

T-5ar v} (Park et al, 2008). &=
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sfol v
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I Fael 93k
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gtk 71 9ol %
Sl wEApelTh, Wk ohve mEae] el

Edz 48A
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18] 90. Chitosan 949 AFM %
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(1}) Chitosan—-TPP ©A4¢ A 2 AEsli g

Chitosan-TPP gAel whsh Hwde & Aasties 4T A= i 49 5 #Zo] v
&

EFISIT) o= B Ay e fEA 4 &, JtaA (TPP)E] v 58 TAMSsR
ARzl Aae AWE 19 oW chitosan-TPP Y= x}¢] HH# == oF 400-700 nm F=

A & Nast 58 (%) B PE (nm)
dichloromethane 81 011.80+38.77
dichloromethane + acetone 69 488.32+16.89
dichloromethane + ethanol 62 003.44+35.19
dichloromethane + acetone + ethanol 60 495.33+33.69

3 5. Z7FRANTPP) gafel mE i R Hadt 88
oEd : TPP v& (w/w) Wast 38 (%) 3t Y = (nm)
5: 01 48 751.66
5:05 71 789.50
5:1.0 81 773.00
5120 85 673.00
5130 90 526.00
540 838 590.20
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(th Allicing ©]&3 FA9 &= A ¥

919} o] Vel

F O : =] = > =) = 5 O
Allicing core material = AF&3to] Axd A =ZFH &5 ATS
100
[ |
80 *
&
= -
g ™ o
o *
QU
K & =
 m L
= TS
5 40 =
= &
| |
| Fa
20 ]
|
o B
0 50 100 150 200
Time (min)
# chitosan 0.5% M chitosan 1.0% chitosan 1.5%
13 91. Allicin® &&A1¢
120 | Fickian Diffusion |
100 /
|
¥=8.1543x-5.3263
F 80 s R*=0.9864
B ¥=7.2272x+11.12
@ RZ=0.0444
& 50
:
£
0
S a0 y=5.2401x +1.0847
R*=0.9573
20
0
0 2 4 6 8 10 12 14
(Time)2/2
# chitosan 0.5% M chitosan 1.0% chitosan 1.5%

219 92. Higuchi Ploting
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$% A2 2% chitosan®) FEol WAl oF 343k etol allicinel 7] §EHo]
$Fov, chitosan FE7F FABEE k1 §F Asb et AL #9F 5 AU §

UGS g21sl7] 9138ke] Higuchi Plottings 3 23+ 19 929F 2o, 2 chitosan-TPP 1

il

(3) Alliin-loaded PCL Yx=91#e] Alx = 82 A

(7h) ¥EA=ZA PCLY o] &
PCLS WE4d=Z o]&3lo Axdt & 1 AAE AFMo= #ze ALFS 19 939 1}

18 93, PCL Y= %2 AFM ##z

Z# o~ Y%l polycaprolactones e nEAEI AEAS UEE FHo] 9l
o1 (M.Dezhu et al,1996), =L A2 &4 AESHE 4 23t (D.Goldberg et al,1995), =4
of glow 7AA =4l v PCLS Hest 7= oA Baeql HEdz 2H&3to] a
—-tocopherol (Byun et al, 2010), @& (Cheng et al, 2010), tyrosine kinase inhibitor
(Zhang et al, 2008) % 9] loading systeme| 583 &2 Z 3}vo|t} PCL H %o w& ¢
24 Z7)9) MEkE gl Aoz 43 At (Byun et al, 2010).
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el Zo|7} ZAojA core material

Ea
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ERn!

o2 ks, upebA

B

o}
DR

PCL9] #AlgFo] =

A 2ol

7FA PCLO +
o] we} PCL¥ DCM

b wetgol wel A =]

AT (Kim et al, 2008).

3

A4 %

Zowo

o A

0

oo

°o]-&

KeN
=
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-
1.

- 152 -



w
o
ol
o
M
e

4 NSM system®] 714 H7F Al 7%

b - E2AE - NSM system®] A& ¢bA A g}

=

(1) Z=3sfera 7)o ¢d O/W emulsion A2

(7h AWEAAZ Tween 803 lecithin ©]-&

Lecithin® 35 74 &4 <] phospholipid®] d&o = Uyt AAE A ] vla] Qb d o]
ko] SRR, AE, dgE FAMAE AREHI douy w1 " Ad A V)£
non-ionic surfactant®.t} ol AFEF7|7F 9F3F of HE walo] glvial ¢# A vt (Bae and
Shin, 2000). lecithin®] alkyl”]el= H¥3 x| Wake] wo] X3tEo] 9lial Ax #AA S HAA
ol AZE Aol FAE HIMAZ FH lecithing AMEeE A7 Bl FFH  lecithin
lecithin® v} 4Fst Qb o]l Fa1 &4 &3 33 glo] A7) kAol a4 sHFolA
ol ARgr Al §lthar $kth (Hara et al, 1986). Tween 802 2]3%

A FrEA = 220 Tth Tween 80 0.5% ol 49 s== 7[etA W, ofo]r=ag s F-=gA v
S 7 Utk o] 22E ¥FoEA 4 @Wdo] APl ghdd] AWHE AL e F

ST, o] AL ofoliAo] Wi A PE WS FolF iy Bl FAE xPAFE A

Ay

= Ay 282 &7 Folx A Aol (Douglas et al., 1997).
O AR A (Tween 807} lecithin) L oile] v &S Gelst odAY Ax

@b 1% Tween 80 ©]-&
Aqueous phase : Surfactant @ Oil 10 : 1 : 1 % 10 : 1 : 322 3143}l

24 corn oile AMEERS] A XFE CBA AFFVIZEe] wE JEWHSLE E43 Ades 1

999} Zow, 23de] At & JmrF A WsebA] i hdd AS AT & AT m=I

AL AR Tween 80°0] 1% 7

N 2
of A% ZaLst #AEY] AHE o Fel wmEAE Qi Aol & yERRA @tk
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& Tween 803} lecithin ©]-&3F O/W o|d Ao FH A=A
AHEGAZ Tween 803 lecithing ©|-&3Fe] A3 O/W odAe AX7|3te] u}
ot AMloz #Ed AyeE ' 10139 2ol YEekwth AR yEeRd vie} o] Faigh oA

7ol oA ol e St o] AA FeiE = A & 5 U

| zae a8 ® —

Fa
S
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=
ol
Jot

2% 101. Tween 80¥ lecithing ©] &3l A3k O/Wooll'BHe A%7|3be| wE AR #Hz
(A 2 A-1: aqueous phase : surfactant : oil = 10 : 1 : 1, B 2B-1: aqueous
phase : surfactant : oil = 10 : 1 : 3, C % C-1: aqueous phase : surfactant : oil =

10 : 2 : 3, D 2 D-1: aqueous phase : surfactant : oil = 10 : 2 : 1)
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